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developments in flight test instrumentation.

In 1978, the Flight Mechanics Panel decided that further specialist monographs should be published covering aspects of
Volume I and II of the original Flight Test Manual, including the flight testing of aircraft systems. Ir. March 1981, the Flight Test
Techniques Group was established to carry out this task. The monographs of this Series (with the exception of AG 237 which
was separately numbered) are being published as individually numbered volumes of AGARDograph 300. At the end of each
Annexes are printed; Annex 1 provides a list of the volumes published in the Flight
Test Instrumentation Series and in the Flight Test Techniques Series. Annex 2 contains a list of handbooks that are available on

volume of AGARDograph 300 two general

PREFACE g

Since its founding in 1952, the Advisory Group for Aerospace Research and Development has
Flight Mechanics Panel, 2 number of standard texts in the field of flight testing. The original Flight Test Manual was published
in the years 1954 to 1956. The Manual was divided into four volumes: I. Performance, Il. Stability and Control,
. Instrymentation Catalog, and IV, Instrumentation Systems.

As g reqilt of developments in the flald of flight test instrumentation, the Flight Teat Instrumentation Group of the Flight
Mechinics Pane! was established in 1968 to update Volumes ITI and IV of the Flight Test Manual by the publication of the
Flight ‘Test Instrumentation Series, AGARDograph 160. In its published volumes AGARDograph 160 has covered recent
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a variety of flight teat subjects, not necessarily related to the contents of the volume concerned.

Special thanks and appreciation are extended to Mr F.N.Stoliker (US), who chaired the Group for two years from its
inception in 1981 and established the ground rules for the operation of the Group.

The Group wishes to acknowledge the many contributions of EJ.(Ted) Bull (UK), who passed away in January 1987.

In the preparation of the present volume the members of the Flight Test Techniques Group listed below have taken an
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ABSTRACT

This volume in the AGARD Flight Test Techniques Seties describes flight test tochniques, flight test instrumentation,
ground simuiation, data reduction and snalysis methods ueed to determine the performance characteristics of a modern air-to-
sir (a/a) reder sysem. Following a general coverage of specification requirements, test plans, support requirements,
development and operational testing, and management information systems, the report goes into more detailed flight test
technigues covering a/a radar capebilities of: detection, manual acquisition, automatic acquisition, tracking a single target, and
dmection and tacking of mwitiple targets. There folicws & section on additional flight test considerations such as
clectromagmetic compatibility, slectromsic counter-countermeasures, displays and controls, degraded and backup modes,
redome effects, environmental comsiderations, snd wee of testbeds. Other sections cover ground simulation, flight test
instrumentation, and data reduction and analysis. The firal scctions deal with reporting and a discussion of considerations for
the future and how they may impact radar flight testing.

LA X ]

Le préssat volume AGARD sur les techeiques d'eesai en vol décrit les différentes techniques d'essai en vol,
linstrumentation deessi en vol, la simwistion su sol, la réduction de donndes ot des méthodes d'analyse employées afin de
défiir les caractéristiques d'un systéme radar sir-air moderne. Aprés la description générale des spécifications requises, des
batterics de test, des besoins en matidre de support, des essais de développement, des essais opérationnels et des systimes
intégrés de gestion, le rapport donne unc descripticn plus déaillée des techniques d'essai en vol, qui couvre les capacités d'un
systime radar air-air en: détection, acquisition manuelle ou sutomatigue de la cible, poursuite de cible unique et détection et
poursuite de cities multiples.

L'autre volet du rapport concerne d'sutres aspects des essais en vol tels que la compatibilité électromagnétique, les
contre-contremesures électroniques, les commandes et les visualisations, les modes dégradé et de secours, les effets radome,
les conditions d'environnement ¢t de mise en ocuvre des bancs d'essai.

Les sutres sections traitent de la simulation au sol, lnstrumentation d'cssai en vol, Ia réduction des données et I'analyse.
La section finale du rapport concerne la rédaction des comptes-rendus, des discussions et des considérations pour 'avenir et
leur incidence éventuclie sur les cssais en vol des radars.
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Alr-to=Air Radar Flight Testing

by

Mndall £ Scott
€320 Test Group
US Air PForce Plight Test Center
BAwarde AFB, CA UBA

T™his AGARDograph describes flight test techniques, flight test instrumentation, ground
simulation, data reduction and analysis methods used to determine the performance
oharacteristice of a modern air-to-air (a/a) radar aystea. Included is o eral
coverage of specification requirements, test plans, support requirements, develcpment
and operational testing, and managensnt information systems. Destailed flight test
techniques cover a/a radar capabilities of: detection, wmanual acquisition, automatic
aoquisition, tracking a asingle target, and detection and tracking of multiple targets.
For each mode, there is an explanation of wvhat to evaluate plus conditions and factors
to coneider. PFollowing is a section on additional flight test considerations: self-test
and built-in-test, slectromagnetic compatibility,  electronic counter-countermeasures,
displays and oontrols, dJdegraded and backup wmodes, wmwode mnmechanisation alternatives,
radome effects, radar processimy, environmental oonsiderations, interfaces,
configuration management, oOperator knowledge, and use of testdeds. The asection on
ground simulation and test covers lab uses, limitations, requirements, test methods,
instrumentation and data, data processing and data analysis. The flight test
instrumentation and data section includes the use of video tape, internal radar dita,
avioaics interfaces, telemetry, on-board special controls and reference data. The
section on dJdata reduction and analysis addresses video, first and second generation,
data werging and analysis techaiques. Additional sections cover reporting and a
dho\:oulon of oconsiderations for the future and how they may impact radar flight
testing.

 } INTRODUCTION

This volume deals with the flight test and evaluation of modern multimode air-to-air
cadar systems. Theses asystems are normally pulse doppler, characterized as having a
synthatic display, i.e., displaying what the system determines is a target as a amall
symbol (such as a square) with no operator interpretation involved. The radar ie
normally highly integrated with other on-board systems such as multifunction/purpose
displays, a head-up display, navigation systems, weapons control and delivery systems,
slectronic warfars/countermeasures asystems, other sensor systema, and even wih the
aircragt steering and flight controls. Increasingly couplex computational capabilities
are allowing the implementation of more radar modes, submodes and achievement of greater
accuracies. This has simultaneocusly put greater demands on the flight test
instrumentation and analysis capabilities, and the accuracies of the gqround-based
reference systems. At the same time, more limits are Meing placed on available test
tims anc funding, necessitating more efficient testing and further usage of ground test
facilities when available and applicable. In order to fully cover the subject of a/a
radar flight testing, this volume also addresses related topics such as: specifications,
test plans, ground simulation and reporting. While a volume could be written for each
of these general subjects alone, this document includes only those porticns which apply
to a/a radar testing.

T™his volume is intended to be a "menu” of what to test and suggestions on how to do it.
Since a/a radars vary sconsiderably in what modes they contain, the intent of this volume
is for the reader to choose vhatever mode is appropriate, and then to choose from the
suggestead evaluation criteria and factors as best befits the implementation and intended
usage of that mode. While the most typical installation of this type of a/a radar is in
a fighter aircraft, the objectives und methods of tests described herein do not preclude
their wuse for other applications such as in airborne early warning or talil warning
systems. This volume is organiszed by radar capability, such that it should be possible
to use the described test methods for these other applications. The results of lessons
learned have been incorporated throughout this volume under the appropriate subject for
better continuity.

The use of specific references has been intentionally minimised, not as an attempt by
the author to take credit where credit is not due, but to maka this volume applicable to
the widest variety of radar systems. The intent is to have this volume address a
generic radar rather than to imply the test requirements or techniques are applicable to
only one specific systeam. This approach also lessens the possibility of including any
proprietary, seneitive or classified information.

2 RADAR SYSTEM
The purpose of this section is to provide an explanation and baseline for the type of

radar that is addressed in this volume on testing, and to explain the terminology used
throughout.




2

2.1 Typical System Description and Capabilities

One of the most common uses of airborne radar ia to detect the presence of other
airborne vehicles:. This can be for the purpose of providing information for overall
situational awarensss, to avoid collision, or it may be to accomplish an intercept and
attaock. The radar ie usually designed not only to detect airborne targets but also to
track and provide acocurste target information for gunfire or miseile launch eolutions.
Some a/a missiles may have a passive radar receiver which uses the aircraft fire control
radar for illumination of the target, or a seeker that also uses target data telemetered
to it from the fighter aircraft radar. The a/a radar may also have the capability to
detect storme and turbulence, either through specifically designed modes or through the
use of modes originally designed for other purposes. Some iircraft may also have an a/a

Identification Priend or Foe (IFF) interrogatur mounted on the radar antenna, with the
IPF responses integrated with the radar display to give pointing cowmmands and/or
confirmation of target presencs. Additionally, many a/a radars have the added
capability of air- (a/9) modes such as sea search and ship detection, ground
moving target indication, ground moving target track, fixed target track, real-beam
g::uu\l D, doppler DbDeam asharpening, high resolution ground sap, and terrain
mlwuqluruin avoidance. However, air-to-ground modes are not a subject of this
ume .

The radar must provide rapid and sccurate long range detection and tracking capability
in order that the aircrew msay react and the fire control system has encugh time for
weapon delivery in very dynamic situations. For close-in engagements, the radar systea
must provide automatic lock-on for guna and short range missile weapon delivery. Radar
systems are required to meet these performance standards in concert with standards of
reliability, maintainability, electromagnetic compatibility, envircimental tolerance,
hardware constraints, and life-cycle costs.

a.1.1 Radar Units

A typical radar is packaged in saveral separate line replaceable units (LRUs) depending
on its size, and the size and layout of the host aircraft. The radar LRUs usually
include: antenna, receiver, transmitter, radar signal processor. and radar ocomputer.
Brief descriptions of each typical LRU are contained below to further orient the reader
to the type of radar being addressed in this volume on testing.

ANTENNA

The radar antenna is normally a high gain, vertically polarised, flat plate, slotted
planar array. It may be driven by electromechanical servos or by a hydraulic drive
system. It is normally gimballed in two axes to provide 128-degree coverags in azimuth
and slevation. Some type of relative phase shift among the four quadrants of the
antenna array is usually employed in order to cause the main antenna beam to be directed
at variocus angles (lobea) for target tracking modes. The selection of antenna scan
patterns and their location in asimuth and elevation can be manually or automatically
selected depending on the radar mode. Antenna movement ls usually controlled by the
radar computer.

RECERIVER
The radar receiver receives the return signals, and in conjunction with the radar signal
processor, determines the pressnce of a target. When a beacon interrogation mode is

included in the radar, a separate path from normal signal processing is usually
provided.

TRANSNITTER

The transaitter provides high power radio frequency (RF) input to the antenna. Radars
will generally have several (four to six) in-flight selectable frequencies within a
iven operating band. The LRU which controls the operating frequency may have several
thres ot four) coanfigurations, each with its own seu of the four to six operating
trequencies. This overall frequency mechanisation is primarily intended to minimise
interference between radars on aircraft in the same vicinity. To mest the size, weight
and power limitationa of many current aircraft, ghort wavelength based systems are
required, causing most a/a radars to be operated in the frequency band of 8 to 12.5 GHs.

RADAR SIGNAL PROCESSOR

The signal processor extracts the required target information from the returned signals,
and thea uses that informatioa to gensrate rangs and angle data for target tracking.
Digital data is transferred between the signal processor and the vadar computer over &
dedicated radar digital multiplex bus (NUXBUS).

RADAR COMPUTER

The computer contains and runs the radar Operational rugm Progran (OFP) - the software
vhich ocoatrols the radar system operation. The extensive use of digitally configured
and oontrolled systems has several advantages compared to older analog systems: 1)
provides flexible signal processing, 2) allows the system to more oasily and quickly be
updated with newer mechanisations and to address new threats, 3) accommodates hardware
changes during the system life cycle, 4) presents a consistent user interface, and §)
lowers the probability of unintended production differences. Major radar perforaance
changes can be made by modification of the softwre within the constraints of nmnemory
availability and throughput of the computer systea. Nost radar OFPs are structured in a

e e A e M i A
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modular form, based on functional divisions of the tasks to be performed by the radar
system. The radar computer sets up the radar system in its operating modes, directs the
display symbology, and routes data to the aircraft fire control computer (FCC) via the
aireraft avionics MUXBUS. In addition to controlling the basic radar modes, the radar
computer also provides the capability to perform continuous performance monituring
(self-test) or interruptive performance monitoring (built-in-test) of the radar hardware
to detect, identif;’, and isolate malfunctions. Missile sesker pointing signals orx
telenetry data for radar missiles are provided by the computer. Configuration control
of all the on-brard computers is extremely important, since the radar OFp configuration
may be compatible with only certain combinations of other systems. The radar system may
have one Oor mors internal busses to allow the LRUs to communicate, including a wserial
digital multiplex bus tying all LRUs together, and a dedicated high speed bus between
the radar signal processor and the radar computer.

2.1.2 Other Features

DISPLAYS

The radar LRUs may include a dedicated radar control panel and a dedicated radar
display. However, many of the latest radar systems do not have either, as they instead
smploy Multifunction Displays (MFDe) which can display information from any sensor
(including the radar), nnd which have programmable controls around their periphery to
control the radar. Depending on the mechanigation and cockpit layour, radar data may be
displayed ond controlled on any one of several MFDs. The displayed radar information is
generally che same for all air-to-air search modes and may include: 1) minimum and
maximum altitude coverage of the selected scan pattern, 2) range scale (velocity scale
in velocity search), 3) current antenna elevation bar of the selected scan pattern, 4)
pulse repetition frequency (PRF), 5) aircraft ground speed, true airspeed, heading and
altitude, 6) antenna azimuth and elevation position carets, 7) target acquisition
(cursor) symbol, 8) grid lines and, 9) the horison line. Radar detected targets may he
displayed as solid rectangles and tracked targetc as solid diamonds. The acquisition
cursor can be a set of two short, parallel lines displayed in a search mode. The
display may also contain additional data, such as IFF-detected targets, or target
information datalinked from other detection sources, depending on the aircraft

application. The display is usually in a raster scan format. Radar targets are most
commonly displayed using a range versus agimuth display (B-Scan) or target velocity
versus agimuth. The displayed range scale is manually selectable or may be

automatically changed by moving the acquisition symbol beyond 95 percent of the current
displayed range to increase the displayed range scale, or under 5 percent of the current
displayed range to decrease the displayed range scale. The radar may detect and display
many (6@ or more) targets at any given time.

Several radar or radar-derived parameters are displayed on the aircraft Head-Up Display
(HUD). One of the primary symbols is a Target Designator (TD) bcx. The TD box may be a
small hollow aquare which identifies the line of sight to the target whenever the radar
is tracking a target. The TD box position is computed from the azimuth and elevation
angles of the radar antenna. Information concerning target range, closing velocity and
g's may also be displayed on the HUD.

CONTROLS

The appropriate radar operating modes and mode parameters can be selected by activation
of switches located on a radar control panel or push buttons cn the MFD, in conjunction
with switches located on the throttle grip and flight continl stick. The stick and
throttle controls are designed so that, in a visual situation, the pilot need not look
in the cockpit. The throttle grip switch functions that affect radar operation can
include: control of antenna slevation, positioning of target aymbols on the radar
display and action commands such as calling for an air combat mode. Radar commands that
may be initiated through switches located on the flight control stick include: radar
boresight commands, target track commands arld mode change/rejection commands. The push-
buttons located around the MFD can allow execution of data entries, change of radar
modes, and change of MFD displays.

PULSE REPETITION FREQUENCY

Air-to-air radars use a number of different PRFs, categorized as high, medium and low.
High PRF is primarily used to detect long range head-on aspect targets in velocity only,
although some implementations do use frequency modulation (FM) techniques to determine
target range in high PRPF. Medium PRF is most commonly used for target detection and is
also the most common PRF set used in tracking. Low PRF is used for longer detection
ranges under look up conditions when no ground clutter returns are present.
Interleaving high and medium PRFs is often used to obtain longsr range detection
performance under many cperating conditions.

SCAN

In the search modes, the radar uses a bar raster scan technique. The antenna sweeps in
agimuth using various patterns and widths with fixed separations between bars in
elevation. The scan center for the +/- 16 and 3g-degree scans is the azimuth of the
pilot positionable acquisition symbol on the display. The +/- 68-degree scan covers the
full gimbal 1limits in azimuth. The antenna elevation angle is operator positionable
over the entire +/- 60-degree range. The typical operator selectable air-to-air radar
parameters arei

Range 8cales: 10, 20, 4¢, 80, 160 nautical uiles (nm)
Scan Volume; +/- 60 degrees azimuth and elevation .




Azimuth S8can Width: +/- 66 degrees (wide), +/- 38 degrees (medium), +/- 10 degrees
{narrow)

Elevation Scan: 1, 2 or 4 bars :

Target History:s 1, 2, 3, or 4 (present targets and up to 3 additional frames o
target history, variable in intensity)

2.2 Typical M.des

To perform in the air-to-air arena, most radars have several primary modes for search,
acquisition and track designed to Zit a particular environment for airborne target
detection and acquisition. Node control may either be "manual® (selectable by the
operator) or “"auto” (automatically selected by the FCC depending on the scenario). In
auto, whenever the operator selects any one of several weapons modes, the radar
operating mode, display range scale, and the asimuth and elevation scans are initialized
to the parameters programmed in the FCC. For example, the selection of medium :ange
misaile may automatically command the 88-nm range scale, l20-degree aximuth scan, and 2-
bar elevation pattern in the search mode. The Operator may de able to manually override
any of the initialized conditions, if Adesired. Some modes, such as auto-acquisition,
may only be commanded automatically with no piovision for manual selection. The logic
and equatijons to achiave these modes will vary among radars due to differenceas in
speclifications and the particular approach taken by the radar designer. Mcre emphasis
is now put on hands-on, heads~up radar operation to reduce pilot workload and improve
cockpit visibility. This means the primary radar controls are mounted on the stick and
throttle to xreduce the need for the operator to remove his hands and distract his
attention to controls located throughout the cockpit.

Typical a/a radar modes are listed and explained below in order to acquaint the reader
with the types of testing addressed in this volume. Not all radars will contain all of
the modes described. The specific mode terminology is not the same for all a/a radars,
however the terminology listed below will be used consistently throughout this volume,
and a sufficient description is given such that the reader should be able to determine
the equivalent mode in any system of interest.

2.2.1 Mode Descriptions

The a/a radar modes described are:
Long Range Search (LRS)
Range While Search (RWS)
Velocity Search (VS)
Manual Acquisition
Auto-Acquisition
8ingle Target Track (STT)
Raid Assessment Mode (RAM)
Track-while-Scan (TWS)
Self-Test/Built-in-Test (ST/BIT)
Electronic Counter=-countermeasures (ECCM)
Degraded and Backup modes

LONG RANGE SEARCH (LRS) .
In the LRS mode, both high and medium PRFs are employed on an interleaved basis. On one
antenna azimuth scan, transmissions are at a high PRPF; on the next azimuth scan, medium
PRF is used. If a multiple elevation bar scan is selected, the PRF sequencing is
alternated at the start of each frame to achieve both high and medium PRF coverage at
all altitudes. The radar uses FM techniques on the transmitted pulse to determine
target range when in high PRF. At ranges greater than those practical for detection in
medium PRF (more than 88 nm), an all high PRF PM waveform is used, and at very short
ranges (18 nm Or less), an all medium PRF waveform is used. The LRS display is a B~
scan, range versus asimuth presentation. All antenna, azimuth and elevation scan
patterns, and range scales are selectable.

RANGE WHILE SEARCH (RWS)

Range while search mode is designed to perform against targets in either look-up or
look-down profiles. Medium PRF can be used for both look-up and look-down conditions,
although it is normally used for look-down situations, and low PRF is used for look-up
(low clutter environments) for somewhat longer detectiou ranges. A selection can be
made for "normal“ PRF, which will allow the radar to automatically select between low
and medium PRP bused on clutter levels and/or antenna elevation angle. This may allow
alternating operation in low PRF and medium PRF ih a multiple bar scan pattern, where
the upper bar(s) are in low PRF and the lower bar(s) are in medium PRF. The radar may
have an Altitude Line Tracker/Blanker to provide an indication of aircraft altitude
above terrain and blank target returns at this range. This function can be
automatically enabled upon entering an air-to-air mode, and manually disabled or
resndbled by the operator. The redar will have a preset main lobe clutter notch to
filter out und clutter returns vhich will alec delete any ground or airborne targets
with a radial velocity at or below the notch speed. This notch velocity (sometimes
termed the Reject Velocity (RV) or Ground Moving Target Rejection (GMTR) velocity) is
often set between 358 to 68 knote, Dbut may be selectable by the operator to any cne of
several speeds as low as 33 or as high as 11# knots, depending on the situation.

VELOCITY SEARCH (V8)

Velocity search uses high PRF to prcvide detection of high closing velocity, head-on
targets in look-up and look-down situations.. The VS mode has the potential to detect
high closing rate targets at greater ranges than the LRS mode by using only high PRF
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wvaveforms with no FN ranging. All antenna azimuth and elevation scan patterns are
selactable. V8 mode has a velocity versus azimuth B-scan type display. The displayed
synbolée are the esame as for LRS, except the target symbol position represents the
target s rélative closing velocity versus range, and the VS cue is displayad instead of
a range scale cue. The V8 display may also indicate the target velocity relative to the
radar equipped aircraft velocity, and may have a limited capability to display relative
target range if V8 includes ranging techniques.

MARUAL ACQUISITION

Onée a tirget is detected, the pilot can acquire (lock on to) the target (cause the
radar to go into single target track (STT) on that target) by bracketing the displayed
target return ‘with the acquisition cursor and activating a designate switch (usually
located on the control stick). The detection files are then searched for the presence
of this target. If the target is found, the antenna siews to the azimuth and elevation
of the target detection, and may be put into a small rapid acquisition scan to confirm
the presence of the tzrget. At designation, all target aymbols are blanked from the
display. The radar operates in medium PRF during the acquisition seguence.

AUTOMATIC ACQUISITICH

The radar automatic acquisition modes usually are not <directly selectable by the
operator, but rather are automatically selected by the weapons system (to override any
other mode) when required to support short range detection and automatic acquisition of
a target. The most common types of automatic acquisition modes, called air combat
maneuvering (ACM) modes, are: supersearch (88), vertical scan, siewable scan, and
boresight. The ACM modes are mechanired to automatically lock on to the firat target
which appears in the field of view of the selected scan pattern, and are usually limited
to a maximum range of 18 nm. If more than one target is detected in the same beamwidth,
the closett target in range is the one selected by the radar for lock-on. The modes are
optimized for high maneuvering, head-up attack situations. Tracking is accomplished in
medium PRF and uses the same track mechanization as in single target track.

The supersearch scan pattern covers the HUD field of view (an area approximately 20 by
29 degress). The radar uses a multiple bar (typically 4 or 6 bars) overlapping scan
pattern, starting at the bottom and working towards the top, to search for targets
within the 14 .m range window. Vertical scar is a 3-bar pattern that covers a 1@ by 40
degree pattern centered 19 degress above the aircraft water line at @ degrees azimuth.
The bottom of the pattern extends down to approximately the center of the HUD field of
view. The slewable scan pattern is initially centered at ¢ dJdegrees azimuth and
elevation vhen selected. The pattern sige is typically 40 degrees azimuth by 28 degrees
elevation. The center may be manually relocated by the operator within the radar gimbal
limits by means of the radar cursor control. In boresight, the radar is caged to the
aircraft armament reference line. The radar will then lock on to the first detected
target within 1¢ nm. If several targets exist within the beamwidth, the radar will lock
on to the nearest one. The fighter can be maneuvered to place the desired target within
the boresight ir order to achieve lock-on.

Except for slewable scan, the scan patterns are all aircraft stabilized, i.e., they stay
in the same relationship with respect to the aircraft fuselage during maneuvering. In
some mechanizations slewable scan is space stabilized, i.e., it is roll and pitch
stabilized with respect to the ground regardless of aircraft maneuvers. Once lock-on is
achieved from any of the scan patterns, the target can be tracked throughout the full
field of view of the radar. Altitude line tracker/blanker software permits the
elimination of altitude line false alarms in search modes and false lock-on to large
ground discretes or water in the ACM mode.

The ACM displays are similar to the normal air-to-air track displays except the iange
scale is autamatically selected to 18 nm, and the mode indicated is ACM. No acquisition
symbol is displayed, and no target symbols are displayed prior to lock-on. In order to
prevent the radar from locking on to the altitude return, some systems keep track of the
location of the altitude line and can display it as a part of the ACM mode display. If
enabled while in ACM, it will appear at a range equal to either the altitude line (if
the altitude line is being tracked) or the system altitude above sea 1level (if the
altitude line is not being tracked).

When the radar is commanded to enter an ACM mode, it typically goes into the SS pattern
first, with the operator able to select any other pattern using the Return-to-Search
(RT8) switch prior to the radar locking on to a target. This selects the next scan
pattern, such as vertical scan, then slewable scan, then boresight, then back to SS,
stc. The pilot can reject a target that the system has acquired and is tracking by
selecting RT&, and the radar will search further out in range at that beam position,
then continue the ACM scan pattern. However, once a target has been acquired and is
being tracked, selection of RTS8 causes the radar to break lock on that target, but does
not cause a change in the scan pattern. The acan pattern can only be changed if the
system is not tracking a target at the time of receipt of the RTS8 command. when the
pilot rejects a target by depressing the RTS switch, or when track is lost for any other
reason, the radar returns to the ACM scun pattern from which the target was acquired.

S8INGLE TARGET TRACK (STT)
When a track is established, the target symbol typically becomes diamond shaped and the
acquisition symbol disappears from the display. The target symbol may have an attached

(IR

b 7

-~

it DR b R s, A




vector line with its length proportional to urgoc speed, and its direction representing
target direction relative to the fighter. During STT, a consideradble amount of data is
available on the target, some of which is displayed and much of which is transmitted to
the other aircraft avionics sudsystems via a NUXBUS. Gome of the information is
oaloulated b the PFCC based on the target track provided by the radar. Typical
information die\pnyod on the radar display, in addition to the target aymbol indicating
turgct range and bearing, is targst altitude, closure rete, magnetic ground traock,
calibrated airspeed and aspect angle. The FCC also can compute and display a horizontal
intercept ateering angle to the target. The STT display may have an automatic range
scale awitching feature. This automatically switches the display to the next higher
range when the target range is 95 percent of the gresent maximum range ascale, and
switches automatically to the next lower value when target range is 45 percent of the
present maximum range sciale.

Single target track is normally accomplished using medium PRPF, to track the target in
angle, velocity and range. However, some radars have the capability to track in high
PRF, wherein the target is tracked in angle and velocity, with FM ranging to
periodically approximate target range. Once the target is acquired in high PRF, the
radar will attempt to switch to medium PRF as scon as it can. NMedium PRF ranging is
more accurate than the FM ranging used in high PRF. If the radar senses that it is
about to lose track on the target, it may enter into a reacquisition sequence using a
small scan pattern in an attempt to re-establish track. If track is lost, the radar
will revert to search mode. The pilot can intentionally break lock by sslecting RTS.
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RAID ASSESSNENT MODE (RAM)

The raid asseasment msode (sometimes named the raid clueter resolution (RCR) mode) is a
high resolution mode which expands a cluster of targets normally displaysd as one target
in STT, and 4isplays them as individual targets. This snables the pilot to asssss a
multi-target environment. A medium PRF waveform is transmitted and alternates between a
search and spotlight phase to provide a track ¢ile on several more targets in addition
to the original tracked target. KAM is salectable in all ranges but is urually limited
to 49 nm for operation.

TRACK-NHILE~SCAN (TWS)

The TWS mode is designed to provide simultaneous multiple target detection and tracking,
generally of up to 10 targets. When the radar detects a target a number of times (as a
function of range) in successive scans, it may automatically establish a radar track
file in the radar computer. Or, the radar may bes commandsd by the operator to establish
a track fiie on a specific target. The primary difference between this mode anad STT is
that the antenna continues to scan in TWS, with the target detections on each scan used
by the radar computer to compute target tracking information. With a TWS track file
established, the radar can display target range, azimuth, and aspect angle. The
operator has the capability to prioritize the targets depending on the situation, such
as time to intercept. PFor the higaest priority target, the radar will display
additional tracking information such as target Mach and altitude. The radar has the
capability (if so directed by the operator) to transition from TWS to STT on the
highest priority target without breaking lock. TWS normally operates in medium PRF, at
:1 1) selectable range scales, but at reduced acimuth coverage (typically up to +/- 380
eg) .

SELP-TEST/BUILT-IN-TEST (ST/BIT)

Self-test (ST) is a non-interruptive capability that continuously monitors radar
performance during normal orperation, with many of the tests being performed at the end
of a bar (sometimesr called 0ff-bar) during the time the antenna is transitioning from
one scan direction to anothar. Also, other che ks can be performed, such as: scanning
system transducers for evidence of arcing, and msonitoring peak power, voltage standing
wave ratios (VSWR) and over-temperature. When abnormal or fault conditions exist, the
radar system can indicate the fault, may be able to indicate the severity of it to the
operator, and may shut itself down to prevent damage if a severe fault exists.

Builtein-test (BIT) is operator jinitiated. 1It is the capability to furthei test and
isolate failures, generally at least to the line replaceable unit level, in order to
give the operator additional information on the system's status and to allow maintenance
personnel to fix it. In most instances, initiation of BIT removes the radar from normal
operation for several minutes. The display for a detecced 8T or BIT fault is usually
separate from the main radar display, ulthough short messages or annunciations may be
inserted on the radar display to call the operator's attention to ancther area.

ELECTRONIC COUNTER-COUNTERMEASURES (ECCM)

Requirements are normally imposed on a radar system for SCCM to prevent an adversary
from jeamming or deceiving the radar system. These can be inherent ECCM capabilities due
to the design of the radar (such as that of a pulse doppler radar versus a pulse radar) !
or active meagures the radar may take in the event it senses it is being jammed. i
Specific ECCN measures and techniques used will not be discussed in this volume, as they '
vary considerably from radar to radar, and sre also highly dependent on the threat.
However, general guidelines for testing are included in 8ection 8.3.

DEGRADED AND BACKUP MODES

Radar systems usually have provisions for backup or dagraded modes of operation
depending on the furtieular aircraft and radar system design. For instance, if the
inertial navigation system (INS) were to fail, the attitude data which it normally
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_provides to the radar to maintain antenna stabilisation would be lost. In this case,
" the data can:be obtained from the HUD rate sensors, but the radar mode is degraded and

l1isation is not as effective. In another case, if the FOU were to fail, the

; M0Rld take over as the aircraft avionics MUXBUS controller, but the radar STT

" display would not hove all the normal target data on it since some of it was computed in

the Fcc.

Examples of backup radar modes are pulse search, manual traek and £100d. These are
modes which allow some radar capabilities when & radar failure has occurred. Pulse
search is & backup air-to-air mode that employs a low PRF pulseé waveform, and is
therefore only effeqtive in look-up situations. All antenna ecan patterns and range
schles are selectable, and the display is the normal range versus .J.m. Targets are
displayed according to the amplitude of the return. 8Since ground clutter obacures
airborne target returns in look-down situations, radar returns are blanked in this mode
wvhen the antenna i~ tilted down. Pulse search oan be used in all of the radar automatic
acquisition modes except suparsearch. The track displays are the same as in STT.

Manua) track provides a backup angle tracking mode in the evemt the noramal automatic
angle tracking capability is inoperable. When manual track is selected by the operator,
the antenna is placed in a two-bar, narrow acquisition scan pattern. The target is
tracked by placing and maintaining the acquisition cursor on the targst symbol and
adjusting the antenna elevation control to maintain illumination of the target. The
display is similar to a search display except that only a small area ls scanned.

Flood mode may be selected as a last resort backup ranging mode for air-to-air gunmnery.
It is used when radar track cannot be eatablished in the normal modes. When flood is
manually selected, the radar switches to a separate flood antenna and is commanded to
high PRP. Target ranging is manually initiated by the operator and the ralar
automatically acquires the nearest target within a two mile range limit. Targets are
acquired in range only, not angle. The closest target may be manually rejected and the
next target out in range acquired, if so desired. Target information is displayed by
the range bar on the HUD. No display of radar information is provided in this mode.

2,2.2 Radar Integration

In orxder to accomplish the necessary mission tasks, the radar is integrated with the
other avionic systems, usually by means of one or more aircraft avionics Multiplex
Busses. A common type is the MIL-STD 1553 data bus that has a data rate of one megabit
per second and uses Manchester 1I biphage level codes. Numerous aircraft subsystems may
be connected to the MUXBUS. A dual redundant bus is often used, with one subsystem
(such as the fire control or central computer) as the bus controller, and another
subaystem (such as the inertial navigation system) serves as the backup bus controller.
All tranafers of data are controlled by the bus controller. For example, the bus
controller causes aircraft pitch, roll and heading information t¢ be sent from the INS
to the HUD, radar (for antenna stabilization and clutter rejection), and displays. The
radar sends target data via the MUXBUS to the fire control system which uses this
information to compute and display weapon delivery selections.

Also, there are discrete signals (usually to and from the radar controls on the stick
and throttle), analog signals (such as attitude information from the navigation system)
and video sent from the radar to the displays. An interface control document contains a
description of all interconnections betwsen the radar and the other avionics systems,
controls and displays. Figures 1(a) and 1(b) are typical radar interface diagrams--
Figure 1(a) shows typical discrete and analog interfaces, Figure 1(b) shows typical
MUXBUS interfaces, and Table 1 is a list of typical data comrunicated betwaen the radar
and othur systems. Radar integration may include the use of telemetered data
transmissions to exchange target information with other detecting and tracking systems,
such as ground or airborne early warning platforms, or other fighters and interceptors.

2.3 Typical Terms

In addition to the terms described so far, several others are uvsed in this volume.
Jround tests refer to testing on the ground with the radar installed in the aircraft,
wvhile 1lab or ground lab tests refer to those accomplisheud in a laboratory setting
usually with a considerable amount of external simulation and stimulation equipment
required. References to the fighter, the aircraft or the production aircraft are
intended to address the radar-equipped aircraft with the radar as 1installed in its
intonded use vehicle (as contrasted with installation in a testbed). Targets refers to
airborne single and multiple ®lying vehicles (usually another aircraft, but also could
be something sueli as a c¢ruisu missile) which can be similar or dissimilar to the radar-
equipped aircraft. Ground moving targets are normally vehicles on the ground which form
a part of the background vhen the radar is in an a/a mode looking down towards the
ground.

In a single-seat aircraft, the terms operator and pilot are used interchangeably since
the pilot is the radar operator (as well as the opsrator of many other systems), whereas
a two-ssat or more aircraft may have a s ate radar operator. In either case, there
should be little difference as far as testing is concerned.
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Test and eveluation is an important part of the development, production, and deployment
radar systel. Alr-to=air radar system testa are performed in the laboratory, in
on the ¢+ and in flight--usually in that order. Teets performed on
benoh in the laboratory are normally the most convenient, Quickest, least expeasive,
and wafest. PFlight cests are the lesat conveaient, take the longeat time, are moot
cgetly, and preseat the greatest danger to personnel and :rum. They aled are most
sueceptible to umcertainties in the weathor and availability of equipment. Mdar
svaluations should be performed in the hbontw. installation in the aircrafe,
vhen feasible. Some tests that can oanly Le per wich the radar installed in the
aircraft may be performed om the ground. Fliglit teste should be periormed only when
nscetsary and only when labovatory and ground teats have reduced the uncertainties to
tha greatest exteant feasible, i.e., mazimizned the potential for success. BSoma tests can
be pu-tor:: only in fiight; and, in any event, flight performance eventually muast be

Jemeattya .

The best sequence for an a/a radar evaluation is as followe: 1) test individual radar
system units on a bench (simulating the presence and function of other radar usits), 2)
test the full-yp system in a lab with all the radar units operating together, 3) test
the redar 1a an ansthoic chamber where the extermal eaviromment caa De well ocoatrolled,
4) evalyate the radar on an antenns rawnge with and without the radome installed, 35)
perform ground and flight tests in a testded airecraft, and §) parform ground and flight
tests in the production aircraft.

The actual process of defining test requirements may be initiated by determining what ie
needed in the fimal report/assessment by the “"customer® (i.¢., what must be known about
the System t0 make necessary decisions such as proceeding to the next development or
production phase). This can continue throuwgh defiaition of data, analysis and
instrumentation requirementa, and lead to the definition of test conditions. Other
major Zactors vhich should be included in the test definition process arey the kind of
testing to be accomplished--diagnostic/research, dsvelopment or operational, and the
Tadar status--vhether it is in development, production or modificatioan.

The kind of testing t0 be accomplished has a major impact on the test plan. Diagnostic
or ressarch type testing is concerned with the evaluation of features for the purpose cof
design development. The end result of this testing can be a "go/no-go” decision for
continued development or a recommendation for the proposed final design. The intent is
to acquire data on the radar under test. Usually, 0o established criteria are imposed
for performance acceptance or rejection, rather the objective is to determine whether
the radar system design has the potential to do the job for which it was oonceived.
Develognent Test amd Evaluation (DTLE) is concerned with the performance svaluation of
the final radar systea design. The principal method of evaluation is the quantitative
Ssasurement of the radar's ability to perform its intended functions. DTGE is primarily
intended to evaluats radar specification compliance. Operational Test and Evaluation
(OTsE) is conducted using the production version of the radar to assess its abilicty to
accomplish the intended operatiocnal mission and to establish operational procedures.
Operational testing is priwarily concerned with aission performsnce. While some
specific, quantitative requirenents are imposed, test criteria for operational testing
Ooften are of a gualitative nature. More details on DT&R and OTGE are contained in
sections 3,1 and 3.2, respectively. It should be recognized that research, DTGE and
OME are not mutually exclusive, rather that the differances are primarily ones of
eaphasis. For example, research testiny often produces data that result in a major
design change. However, DTLE may also result in changes, requiring testing to a depth
sufficient to allow engineering analysis of the problem. A “"go® or “no-go® answer often
is not sufficiemt. On the other hand, DTGE cannot ignore mission suitability when
evaluating a nev design. Compliance with published specifications is not sufficient if
DR reveals an operational problem. DT&R should reflect mission requirements when
appropriate. Nost test programs are bounded by time and resources constraints. One
method of staying within these limits during a test program is to combine DT&E and
portions of OTR testing, using the same data for independent evaluations.

A test plan ties together test objectives, priorities, ailestones, test and engineering
interfaces and responsibilities, development and operatiocnal test requirements, and the
flow and gtructyrs Of the tests to be performed. A review of any previous analyses,
modeling or teats on the systeam should be made to help determine what to test and for
the establistment oOf test priorities. Detailed, prioritized, and structured test
objectives must be laid out in advance and then systesatically accomplished. It should
be recoguized: and the planning should accommodate, changing eystem performance
requirensnts due to threat changes, technology changes, missiou changes, @ tabilicy
problems, and changes in the opsrational concept. Section 3.3 contains further
information cn radar test plans.

Redar specifications fora the "contract® wvhich defines wvhat the nystem is supposed to
40, and may a&lec state how that performance will he measured and eveluated. A
specification has its limitations. especially if it fails. to convert the operational
performance requirements into the riate set of techaical terwms. It should define
the test strategy esplicitly, imcl test requiremsnts, and define what Basgement
structure {s needed for timely & eo-l:rth.tutmuudw’mr-
decisions. Nore information on redar specifications is contained in sectiom 3.)3.
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. -evaluntion perscanel should participate in design reviewe to gather
Anflorngation an how the: yadar system ia intemded tO perfora, what should be tested, and

e ne the effecte of systan configuration shanges oa the test program. They
m soniser the of modeling, simulation and lad tests %0 better decide

what to Slight teet. Fhis 48 & critical astivity siawe the latest veapoas systeme are
 highly:integratsd, with multiple shared coatrols and +» that the testing may
aot ubn:dt out raCar-only errere but will only give an cation of the overall
capability.

21 Developmant Test end Evelustion

Development Teat and Evaluation is defined as that tusting and evaluation used to
neasure system development progress, verify accomplishment of development objectives,
and to determaing if thecries, techaiques, and material are cticabler and if systems
or itemd under development «re techaically wsound, reliable, safe, and satiesty
specitications (Maf 1). The major objestives of DIaR are to:

- Assess the critical issues, ae specified in program documen:is

Deternine how well the contract speeifications have been met

Identify and report systea deficiencios

Determine system compatibility and interoperability with existing and planned

equipment or syatems

Report reliabdility in relation to the approved reliability growth plan, and to

u:h:t- maintainadbility, availability, and jogistics supportability of the systea at

maturity

Verify that the system is safe and ready for OT&R

Validate (ny configuration changes caused by correcting deficiencies, modifications,

or product improvemsnts

Assess human factors and identify limiting factors

Assess the technicval risk and evaluate compliance with the specifications, in relation

to operational requirements (including reliability, maintainability, and

availability), 1ifeocycle costs, and program schedules

Determine system response or hardnass to the nuclear and coaventional environments in

order to support gsystem survivability assessment as directed, and assess systea

vulnerability, including hardness features and radicelectronic combat vulnerability

~ Verify the accuracy and completeness of the technical orders developed to maintain and
opearate the weapon system

- Gather information for training programs and technical training waterials needed ¢to
support the weapon systea

= Provide information on envirorxmental issues to be used in preparing environmental
impact statements

- Determine system performance limitations and safe operating parameters

Az stated previocusly, DTGE cannot ignore the system's operational requirements. and
therefore should not be so limited in scope that it ie designed to only test within the
specitication. Some operational “flavor" should be given to planning the DT&E test
conditione. It 4is helpful to have pilots with operational experience participating in
DTaE, (simulation as well as flight test) as it is still early enocugh in the life of the
radar systemn to make changes. HNowever, the intent of DTeL is to get multiple,
repeatable samples using specific dedicated test conditions. DR ia sometimes used for
verification that the radar subcontractor mst the requirements of the aircraft prime
contractor, who inm turn must meet the overall weapons system reguirements of the
customer. It can also be used to obtain a ce *ificate of airworthiness, if required.

3.2 Operational Test and Rvaluation

Operational Test and Bvaluation is defined as testing and evaluation conducted in as
realistic an operational environment as possible to estimate the prospective system's
military utility, operational effectivensss, and operational suitability (Ref 1). In
addition, operational test and evaluation provides information on organisational and
personnel reguirements, doctrine, and tactics. Aleso, it should provide data to support
or verify material in operating instructions, publications, and handbooks. The major
objectives of OTLE are to:

= Evaluate the oOperaticnal effectiveness and copsrational suitability of the system
- Answer unresclved critical operational issues
- Identify and report operational deficiencies
= Recomwend and evaluate changes in system coafiguration
= Provide information for developing and refining:
=~ Logistics and suftware support requirements for the system
«- Training, tactics, techniques, and doctrine throughout the life of the system
= Provide information to refine operation and support (O48) cost estimates and identify
system chardotartetics or deficiencies that cam significantly affect 048 coute
- Deternime if the technical publicaticns and support equipment are adeguate
~ Assest the survivability of the system in the operational eavironment

OTWE useally will be condusted in two phases, Imitial Operatiosal Test and Rvaluation
(1074E) and - Pellow-oa Operational 7Test and Bvaluation (FOTGE), each heyed 0 an
appropeiate pwogram duoision point or milsstone. OTGE can be ocountianued as necessary
during and after the production peried 20 refine estimates,; to evaluate changes. and to
Tetvaluats the system tO ensure that it comtinues to meet operationeal needs and retains
its effectiveness in 3 pew savircament or againet @ new threat.
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I0MsR is normally acoomplished prior to the first mjor production decision to support
the _-:r«uu- jeustives. Plamaing for 10TeR should bLegin as sarly as possible in the
soguicivion: process. X0TAR is wsually conducted using preproduction items, prototypes,
o t““ preduction items due to the viming #f testing with respeat to the producsion
deglsion.  Nowever, theee items must de sufficieatiy entative of the production
aryliole 40 provide a velid mtimte of the cperastional sffoctiveness and Luitability of
the rrodut-lOI system. During 10T4E, oparatiomal dsficiemecies and proposed
configuration shanges should be identified as sarly as possible. It is eapecially
important to provide as realistic as poesible an operational environmeat for IOTAE in
order to assure that performance, safety, muintainability, reliability, human factors,
and lozhc tos supportability criteria can de eviluated under conditions similar to those
that will exlat vhen the system is put into cperatiom. .

POTGR is cohducted to refimne the initial estimstes made during IOTGE and to snsure that

iom article performance and operationsl effectivensse/suitability is equal to or
greater than the preproduction article. POTAER is usad to verify that deficiencies
previvusly identifisd have been remedied and any new deficienciens are identified and
corrected. FOTAR also evaluates organisational and personnel requiremsnts, logistics
support, doctrine and tactice for saployment of the system. Teats will be conducted to
evaluate aystem configuration changes and recommend release prior to production
incorporaticn. Completion of the YOME objectives should provide sufficient operatiomal
data to support introd otion of the radar system into the active inveantery.

When combined DTaB and OTAR is conducted, the necessary test conditions and test data
required by both test types muet be achieved and acquired. The DT&E and OT&B agencies
must insure that the combined test is planned and executed to provide the necessary
developument and operational test information. It is important that both agencies
participate actively in the test and provide independent evaluations of the results.
The philosophy to be used is that OTAR is a logical extension of DTAR, and that a single
iategrated test plan can be written to incorporate all the objectives and tes:
conditions. Teste of a function will usually be accomplished firsc as a part of DT&BE
prior to using the function during an operational assessment. This serves to minimize
the ocourreace of “surprises" in OT&E.

OTeR should us> an operationally configured radar system, maintained in an operational
savironmsat, especially sinne the DTSE program may have a highly modified avionics suite
and/or have the system maintiined by engineers not representative of the norml field
maintenance skills. OTAR should de accomplished by operational and support persoanel of
the type and qualifications of those expected to use and maintain the system when
deployed. Bvea 00, the fail'.re data gathered (such as Mean Time Between Pzilure - NYAF)
should still be looked upon as preliminary since: 1) the maintenance concepts used in
DT&R and early OT4E may be different; 2) the only technical orders avallable may ke
preliminary; and 3) special test equipment (H‘ly is often used since the production
automatic test equipment (ATR) is usually not available at that point in the prograa.

A good cross-sectiou of pilots/operatora should be used, vwith varying backgrounds (such
as bomber/attack and fighter/intercep:or), and diffevent experience levels. In fact, it
@Ay br found that it is more difficult for more ezxperienced perscanel to transition from
another system (such as a previous generation radar) than it is for those with little
ot no prior experiemce to become proficient in system opearation. Aleo to be noted, fis
that i€ the same pilots 4o OTSE as do DTLR, they may have too much familiarity with the
rystem to make wsccurate operational assessments. The OTAE pilot does need to have some
experierce with siw'lar types of radars, otherwise very lwportant gqualitative comments
on controls and disp ays. and system mechanizations will not be as useful or as relevant
with respect to the operatioral environaeat. The pilot say not put the emphasis on
problems or e -t Jation in the coriect area. For example, the inexperienced pilot may
wot have the background to determine which modes are operctionally critical (something
not contained in a speacification), and thersfore whure to place the correct test
ewphasis in ~ ims and Zunding coastrained test progran.

Typically, there are three levels of OT4E evaluation criteria: thresholds, standards and
goals, Thresholds are quantitative o1 qualitative minimum essential levels of
performance,capabilicy that permit mission sccomplishment. Standards are Quantitative
or qualitstive levels of pe lurmunce/capability that will satisfy the operational
requirements est.blished for a fully operational system. Goals are quantitative or
qualitative levals of psrformance/capability that will eshance the system.

OTAE radar test objectives may cross several mode bounds (i.e., detect, acquire and
track a targ+t) where a DTuE objective may only be acoomplished L keeping the radar in
one mode for the length of the run. OT4E tests may also use a mode not originally
designed or teated as such in DNER to evaluate its cperatiomal usefulness—-~for example
using a ground map mode to look up and try to detect weather or targets, or an a/a lovw
PRF mode for detection of weather. The ope-atiomal eavironment ahould aleo have some
influence on DTAR sinoe it should have influsnced the specificaticn requiremeats. Por
axatple, the specified rader minimmm range detection should not De based solely on the
achievable signal characteristics but on the ainimum operationally useful rangs given
the weapons and tacties to be employed. OTAR testing may even find modes that are in
the dpecification and implemented in the radar (and say even meet the specification
requirenients &8 dctermined in DTAE) that arean't really useful operationally. For
example, a low PAP/uplook search mode may not really add much in detection range versus
the increase in displayed clutter given the limited opersting envelope. Also, the
usefulness of a mode versus the mschanisation complexity and aperditor time required to
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chtain iv say dictate that the mode be eliminated, and this fact may not be discoversd
wiil the rader ie placed ia an OFAR operating enviromment. Any discrepancies between
the redar apecification and actual system utilisation should be ideatified as socon as

rz»s.mo. Usually, the sconer these discreapancies are defined, the cheaper and sasier
t io to get them resplved. .

Mpreseatative starting comditions should be specified for the OTaAR tests by iawolving
the ornm and oconducting the tests in an cperatiocnally realistic enviromment. The
ohjective is oftem mot just radar-omly bLut involves Overall weapon asystes performance,
de., & misesion ohjective. PFor example, an cbjective of intercepting and shooting dowm
a target requires the pilot to use his owa sxpsrience and sechaiques as well as the
capabilities of the rader coupled uith the aircraft weapohs system. OTGR testing may
e greund ooatrollers and target data handoffs from other aircraft (such as other
longer ramge fighters/interceptors ot aircborne early warning aircraft) to generally
locate® targets and help identify them in soncert with the a/a aircraft radar systea
under wvaluation. There still existe a requirement for some well-defined, repeatadle
OMR sOenarics which are opsrationally acceptable. Thease should be based on operatiomal
alsgion profiles and will help determine what the pilot can expect to consistently see
under these conditions.

ORR tactics development takes into account what the radar system can and cannot 4o, and
aleo takes advantage of other aircraft in operational woenarioe since a fightsr is not
Qlvays by itself in the arena. Tactics svolve from answers to questions such as: what
is the best way to use the system? and what makes it most useful? Test conditions may
iavolve nuwercus aircraft, including lvl (one radar test aircraft versus 1 target), 2avl,
1v2, 2v2, 2v4, 4vé, and 4 versus many. This larger number of aircraft can alsoc be used
to gevaluate areas such as co-channel interference batween like and unlike aircraft

Tadare -

There can be several limiting factors to the successful accomplishment of OT&BR. The
Aumber of test —radar-equipped aircraft say be limitad, and the avajilability of
interfacing subsystems may be limited {especially if the radar is part of a whole new
avioni 's suite). There may De an initial lack of production support equipment, limited

sunicions capability, limited test range airspace, and limited capability to desploy to ’
rfemote sites which then delays or precludes specialised tests and limits others to only
one gnvironment.
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The detailed test techniques sections of this volume incorporate both DT&E and OT&E
radar test objectives. Since varicus testers may have different dividing lines,
definitions and requirements for DTGE and OT&E (or may not make any distinction at all),
the test techniques sections are organised such that they can be used regardless of the
DTLX/OTLE definiticns used.

3.3 gpecification Requirements

The specification is the starting point for planning the evaluation of aither a newly
developed radar or modifications to an existing system. It is based on an error budget
for the overall weapon system given the usar requirements, and is a part of the coatract
Detwgon the user and the radar manufacturer. The specification defines the system
performance requirements and may also define the verification requirements. It defines
which modes the system will contain, mode priorities and interfaces with other avionics :
systems (such as data transfer, ocommands and displays). It normally describes what the ‘
modes and submodes will accomplish, but not the detailed methods of implementation. The :
specification will define system capabilities and accuracies such as an overall radar
systeam oOperating envelope (e.g., altitude and velocity limits), an envelope for each
mode (e.g., opening/closing velocities and maneuvering limits), capabilities (for
exumple, to detect, acquire and track an airborne target) and accuracies (such as the
mean and gstandard deviation of target range-rate error under non-maneuvering versus
sAnesuvering conditions).

The gpecitication will define which radar capabilities must be demonstrated by flight
test and which ones by other methods (such as analysis or laboratory dJdemonstration).
However, just because the specification does not require a flight test, this does not
mean that one cannot or should not be performed. The verification section may define
actual flight test conditions, but if not, it identifies the acouracies which will have
to be dwmomstrated under a variety of flight test conditioas. This will influence: 1)
the types of test conditions; 2} the sample sizes required based on available test time,
conparisong wilh other modes, and desired confidence levels and intervals: 3) the type
and ggount of instrumentation and data - both qualitative (such as operator comments) or
guantitative from a variety of sources; and 4) the analysis techanigues, formats and
Presentation of resulta. The required flight testing may be put in terms of verifying
the ground computer simulation of radar performance in orde- that the entire performance
envelope can be extrapolated from fewer flight conditions. If so, the flight test
conditions must duplicate those simulation points to be used in order to best determine
if the Tesults do progerly compare. ,

The gpecificetion is an interpretation of the operational need and must contain inputs
£zom the operaticasl users and testers. For example, the radar specification detection
- my De based on & 38 esecond pilot interpretation time (vhich includes lock-on,
identification of tha tracked target as the correct one, mnissile lock-om and launch).
The gpecificstion verification requirements need to be realistic, and the testers should
De involved in writing anud reviewing it early in the process in order to revise it if




aecessary. Too often, the teating community ends up in ths role of interpreting what
the apecification vriter meant when covering a particular m‘jm. and can guess wrong.
The verification section mest be realistic and demonstrabd:» for it to be of any use. It
is isportant to clearly state what is to be measured in unambiguous terms to aveid
nininterpretation. fSometimes the specification definition is eo poorly stated that it
cannot be varified. PFor example, time to stable track may be called out as a
ssasurenent, but if the start and sty times are not defined, it cannot he measured or
avaluated. This irement ocould be stated auch that the start time ia when the pilot
initiates lock-oa {desigaates) and ends when the track accuracy parameters (target
rang>. range rate and angle) oome withia the two sigma values of steady-state accuracy
requ; ~ements. Whea the specification defines a parameter acuuracy in terma of a
stanaard deviation, not only should the asan be defined (to eliminate the use of closely
grouped but diased data to meet the requisement), but it should also define over vhat
sanple sise the definition ie appropriate. This concentration ca the clarity of tho
specification dafinitions is partly due to the modern economic environment, i.e., a
radar manufacturer cannot afford to overbuild the system relative to the requirements,
therefore the formance of modern radar systems is msuch closer to poassibly not meeting
:ln .puiute‘at on. This requires very ezacting test planning, conditicas aud procedures
or evaluation.

The test program must also ensure that the radar was not designed to meet only the
specification verifiocation teet couditions. FNor szample, if the radar is required to
detect targets of a wide variety of radar cross-sections (RC8), but the verification
section calls out the flight teats be conducted with a five square meter target, flight
tests should also use other size targets to ensure the radar design was not optimised
for one sise target and performance suffers when using others. The design assumption of
target RCB affects scan rate and refresh rate (especially for very short range targets),
which can then affect esituational awareness in the tradeoff with detection performance.
Also important is the knowledge of the RCS8 of the targets that are used for detection
range teeting and whether they are operationally representative. If the RCS8 of the
target used for teating differs from that required in the specification, the
specification should define the method for extrapolating the measured radar performance
to that which would have baen achieved using the specified target RC8. Thias
extrapolation method is very important and only be correct for a limited target RCS
euvelope, particularly with respect to scaling the results to a coasiderably smaller
target, since the terrain background has a large impact on detaction performance. This
also points out the need for accurate and consistent data on target RCS and terrvain
backscatter coefficient (gamma).

The specification say aleo be written to include a requirement that the final production
configuration for some radar capabilities be based on £1ight test results. Examplaes
include: target track coast time through the doppler notch, ACN mode scan pattern sise
and direction, and targst prioritization for track-while-scan mode. PFlight tests may
2130 be set up to determine radar performance limits or to provide sufficient data to
extrapolate performance to greater limits. If a specification flight test condition is
not practical or achievable during the test program (such as specific weather
conditions), the testers/users/program managers may have to collactively decide whether
the specification is sufficiently met. This may be based on analysis and any similar
tests which have been accomplished that indicate specification performance would have
basn successfully achieved.

For a radar wvhich is designed to interface with other elements of the avionics suite,
the specification should also include a definition of the data and data rates required
to support the other systems and weapons. Also, the latency of the data on the NUXBUS
to and from the radar, the time-tagging of the data, the interleaving of wodes, and the
method of sharing displays all need to be well defined. This definition is also a
necesaity for the beat selection of instrumentation systems for flight testing. Any

acceptable degraded capabilities should be defined, as well as the pilot/vehicle"

interface. This includes the switchology and the requirement that the display be easily
interpreated. As a part of the detaction performance requirements, the clutter
background and multipath environsent should be defined as long as the definition
incorporates that which is available at tre actual test sites. '

Some radar flight test programs, such as those for research, may not have a
specification, but may instead have objectives for what the system should do. This type
of test program may be set up to evaluate whether the technology is at the point to
support a radar mode or ocapability, and determine if it worked in the laboratory=-will
it vork in flight? This may include the use of mission scenarios and an operational
requirements team to develop same measures of performance. These can then be used to
judge if system development should continue, and what performance the radar must have in
order to be competitive.

3.4 Teat } te
Plight testing in addition to that explicitly called out in the radar specification will
wost likely be ired to deiermine the overall parformance, functiocnal adequacy and

operational effectivensss of the redar system. A specification verification is not all-
encompassing eince it is often accomplished only at a few points within the system
operating envelope and may not realistically represent the conditions under which the
systema will actually be operuted. Also, a radar mode or capability may meet
apacification requirements but be operationally usacceptable, or conversely, may be
operationally acceptable even though it doea not meet the system specification. If too
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much emphasis is put on only apecification testing, the trus capabilities or
shortcomings of the asystem nmay not be determined--only whether or not it meets a
particular specification requirement. For example, if the radar system's air-to-air
specification detection range was 50 nm and the test was initiated only just outeide
that range, the evaluation msay show that the specification number was met, but the
system's true detection range could actually be considerably greater if the test had
been set up to fully exereise the capability. To be considered ie the possibility that
the test points called cut in the specification may no longer be appropriate since the
operational arena, the threats und approaches to the threats may have changed since the
apecification wes originally conceived. Aleo, if the specification calls out too
specific a tist condition (such as what aircraft types to use for targets), problems may
arise when test osupport is no longer available (such as when the aspecified target
aircraft are retired).

sSome additional topics should be considered when flming or conducting a/a radar flight
tests. The flight test engineers should participate in the radar preliminary and
] aritical design reviews (the ones covering software are usually more relevant than those
on hardware s they cover the .i.t- operating modes) with the design and cperational
personnel. These reviews are quite helpful in giv an early indicatinn of how the
system will ocperate and can provide valuable information on how to best plan the aystem
evaluatioa. The radar flight test engineers should also cbaserve and participate in
ground laboratory tests which use the radar alone, and those which integrate the radar
with the remainder of the avionics suite. This will allow them to batter assess what
£light testing ehould be accomplished and how it should be done to help ensure more
o:dci‘n& and productive flight time. PFurther detail on ground simulation and test can
be found in section 6. Test plan working groups should be formed and meet regularly to
discuss and agree on issues (such as test objectives, test conditions, support
reQuirementa, data processing and analysis) among all the test participants. This is
al®so a good forum to include any test issues or concerns from other agencies, such as
test data requirements to construct operational trainers and simulators, and data to
perform survivability/vulnerability analyses.

In order to make bhetter use of the available test time, it is most helpful to have the
wedpons system Concept of Operatinns in order to prioritize the DT&E test conditions,
and best plan for OT&B. This will tend to keesp the teat conditions at least somevhat
realistic. The test planning procees should incorporate time and funding provisions for
retesting--either vhen critical test parameters have not been satisfied during the test
and it was therefore unsuccessful, or wh.n changes/fixes/updates are made to the radar.
Retesting due to system configuration changes is often termed “functional" testing.
Section 4.2.1 contains further details and suggested functional flight test conditions.
While no exact figures are universally applicable, some experienced testers have used
figures of 28 to 38 psrcant to be added tr the required evaluation achadula to
accommodate retesting requirements. When revisions to the radar system are made (such
as through enginsering change propesals), the flight test engineers must be allowed to
participate in the planning and approval process to insure that the flight test
requirements are incorporated for each proposed system change.

eyt -

The test resquirements definition should determine the required radar instrumentation
capabilities and accuracies, as well as the reference systems to be used -and their
associated accuracies, tracking capability and area of coverage. If the test aircraft
is not dedicated to radar testing, the instrumentation may have to be optimized for sach
test type, and the priorities and prerequisites for radar tests determined. The test
planning may have a provision that flight testing for radar ECCM capabilities be open-
ended, i.e., that testing continue vhen new threats are defined and updates are made to
the radar to counter thea. If the radar test program is research oriented, the test
lfnanning say evolve as the program progresses to further explore areas of success or
ailure.

The test program should include a decision on how many radar systems to test. Tests
which use only one production representative system may not be the best indication of
the performance that can be expected from all radars coming off the production line.
The overall weapons system error budget should have accounted for the allowed
: performance statistically, but the argument could be made that every N'th system be put
; through an in-depth test (to include ground lab and flight testing) to insure it is
still up to the performance standards. Unfortunately, this could get very expensive and
time consuming, with the resulting substantial addition to the instrumentation, data
processing and analysis requirements. A compromise may be to periodically take a
production line radar system, conduct axtensive ground lad tests, and then r a1 it :
i through a limited flight test program to get better confidence in its performance. Y

This section oo test plans is applicable not only to a/a radar testing, but has bean
tailored to those areas required to address all facets of the subject of a/a radar
testing. Test plans are key documents that describs the teats to be accomplished and
how they will be conducted. Typically, there are several levels of teet plans: a System
Test Plan (STP), a detailed test plan known as a Test Information Sheet (TIS), and Run
Caxds. The plans are jointly prepared by all test participants., with a goal of having
ons aset of plans vhich covers the requirements of all participants (contractors and
government). The STP is the management plan for an entire program and coantains flight
test management concepts, the general objectives and types of tests to be covered, a
degcription of the overall responsibilities of the participants, and a general




description of how the program will be conducted. This may cover a number of
disciplines (such as the coaplets test and evaluation of a new aircraft) or one major
discipline (such ar the svaluation of the entire avionics suite).

A TI8 jincludes sufficiently detailed test information, clearly stated, to allow
ssnagement and the technical coamunity to review {t for adequacy, and the flight test
eagineer to provide run cards based on the included information. The TIS normally
eontaine detailed teat objectives, aircraft and system configuration requirements,
genaral procedures, instrumentation requicrements, detailed test conditions (number of
samples, radar mode, fighter and target speeds/altitudes/initial conditions and a
description of how the run will dbe eondnceody. data analysis requiremsnts, and reporting
and safety procedures.

Individual runs from the radar TI8 (and other avionice test information sheets as
Applicable) are translated into a set of pilot run cards which make up the flight plan
for each mission. These run cards further define each test run with regard to the set-~
up of the radar and other avionics systems, all the run conditions, the sequence of
events tc be followed, and any significant test limitations. The cards may include test
conditions which are "pigyy-backed” onto the ones of prime concern, i.e., conditions
which do not require a dedicated flight or run, but which can be accomplished
concurrently. The run cards are reviewed at a preflight meeting with all parties
involved in the test. Two typical a/a radar run cards are shown in Pigure 2. Backup
run carde are often prepared, bdriefed and carried in the event of an in-flight
eircumstance (e.g., a radar failure in one mode only, or a loss of target aircraft or
range support) wvhich precludes accomplishing the primary teats but still allows some
useful testing to be completed.

To minimigze confusion, the remainder of this volume will use the term "test plan” rather
than differentiate betveen STP, TIS and run cards. The elements described herein as
necessary for a radar teat plan can be put in a general test plan, a detailed test plan,
4 general TIS, or a detailed TIS as the reader sees fit., Test plans need to be
completed in time to Allow adaquate review and coordination by management personnel,
technical and safety reviews, scheduling of support, detfinition, design and checkout of
instrumentation and data processing systems, and assessment of the data analysis
aschemes. The timing of test plan development can become critical when syatem
developwent and production schedules overlap. It should be recogniszed, and so stated in
the test plan, that it is a changeable document depending on the progress of the test
program. Most modern radar systems do not have all the planned modes operable and ready
for test at the beginning of development, therefore the test plan should either be
written in stages which parallel the development or written to include all modes with
the underetanding that it may have numerous changes as the modes develop. The
coordination procedure for reviewing and approving test plan changes should be
identified well in advance. Minor changes are usually handled at the local level, while
major changes (changes affecting the scope, resources or schedule) usually require
approval at higher levels. The most dangerous situation to prevent is in-flight, spur-
of-the-moment flight planning--the test plan must be followed at all times. A well-
written test plan can also be used to provide the building blocks for the final
technical report.

3.5.1 Test Plan Description

A complete a/a radar test plan should include the topica described below. Thay need not
be in the exact order shown, but each should be addressed at some point in the document.
A brief explanation of what each test plan topic should cover is included here.

Introduction

- Background information such as the purpose of the test, the scope of the testing
{i.e., whether it is to develop or svaluate a minor system change versus a major
evaluation of an entire new radar system)

- Critical issues and queations to be addressed

= Who authorized the program and what priority has been assigned

- Test location(s), the overall schedule, and any related tests

Test Objectives

= Clear definition of general and specific objectives. A typical general radar test
objective ils: “Evaluate the capability of the radar to detect airborne targets® while
a specific radar objective is: “"Evaluate the radar range-race accuracy in single
target track mode"

~ Assurance that the objectives cover critical development, evaluation and operational
concerns

= Requirements in appliceble management directives and plans (e.g.. regulations, Test
and Bvaluation Master Plan and System Test Plan)

- Prioritize objectivee

Success Criteria

- Confirmation that the test has been properly performed and sufficient data collected,
to determine if the tests have been satisfactorily accomplished to svaluate the
spscific cbjectives

= May include measures of effectiveness (the performance expected to be seen) in terms
of thresholds and goals
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Figure 2 Typical A/A Radar Run Cards
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References

= Other test plans

= Other test reports

- Specifications and test requirements document.

= Alrcraft modification and configuration documentation
- Operating limitation documents

Test Schedule

- Any limitations imposed by test sites, test agencies, production decisions, or
deployments

- Estimate of required flight time and number of sorties

Participating Organizations and Responsibilities

- Including areas of administration, support, maintenance, logistics, data reduction,
photo coverage, scheduling, briefing, debriefing, and reporting

- Definition of the lead organization responsible for coordinating each effort

- Agreements (Memos of Understanding or Agreement) which have been reached with the
required organizations

Aircraft Configuration

- Definition of any requirement for a particular aircraft configuration (such as
external fuel tanks, missiles, or jamming equipment) or particular configurations of
the other avionics/fira control systems (such as specific interfacing avionics systems
OFPs and/or hardware), or a requirement that specific systems be operating during
radar testing (such as other avionics systems, ECM equipment, or specific
environmental control system configurations) especially to determine electromagnetic
compatibility

- Brief description of the configuration control program and participants

Test Radar Description }

- Brief description of the radar system, the controls and displays, and the relevant
interfacing avionics systems (such as the HUD, fire control computer, weapons, and
electronic countermeagures (ECM) systems)

- Definition of peculiar/particular radar software and hardware configurations required
(specify serial number if a particular one is required), and a short explanation of
the differences from a standard production unit (or reference another document where a
description can be found)

- Agsurance that the specific radar test items are clearly defined and understandable

Test Methodology (Conditions, Procedures and Techniques)

- Detailed test objectives and conditions/procedures/techniques organized by radar mode

- Ground and preflight testing requirements such as: EMC tests; ST/BIT completion (prior
to each flight); harmonization/boresighting of radar, HUD and INS; preflight radar
operating mode checks during taxi prior to take off (if ground operation is allowed)

- Any required pre- and post-~calibrations of the radar system, ECM equipment, and/or

reference data equipment

Detailed description of tests, including test and target aircraft parameters (such as

configuration, altitudes, airspeeds, heading, and maneuvering requirements) and

environment (such as electromagnetic, weather, ground moving targets, or clutter

background)

Number of test conditions, sample sizes, flights and flight time required, with each

sample of each condition uniquely numbered in order to track test

accomplishment and traceability of requirements to testing

Description of retest (regression) conditions to be accomplished if changes are made

to the radar (sometimes called functional tests). These can be detailed to the point

of defining what runs will be accomplished for each type of system change

Definition of test condition tolerances to allow the test conductor the flexibility to

accommodate variables encountered during the test (such as weather or other

conflicting aircraft traffic), also to define to the crew the critical parameters

which must be followed or which could be substituted for others which are less

critical

Usually written in the form of tables which describe the run in detail, the

instrumentation requirements (the required recording systems and their configurations,

whether analog, digital, and what video sources-~radar, HUD or both), the resources

required, the maneuvers to be accomplished, the start and stop conditions and initial

pointe/conditions/ranges

Written to ensure a logical technical sequence of planned testing

Identification of the critical limits and the protection required to ensure they are

not excesded

Description of the interrelationship between various tests (i.e., establishment of

prior:tira and prerequisite tests) including ground tests, milestones and production

deadlines

The sequence of modeling, simulation, lab, integration, EMC and ground tests to be

accomplished prior to both initial testing and testing after significant system

changes

Rules and criteria for decisions whether or not to proceed with testing

The critaria or philosophy used to determine the sample size and the required

confidence levels

Requirement that the test conditions be controlled and the procedures designed to

ensure repeatability and attainment of results comparable with previous tests, as

applicable
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3

i 5
| 2
! - A matrix showing each test ob?octivo versus the specification requirement, also the §
{ test objective versus runs (at least for those runs which satisfy more than one 4
! " objeetive, or dbjectives which are satisfied by more than one type of run) ;

Limitations/Constraints

~ The limits within which the aircraft will be operated. Typical flight limits for an 4
a/a radar test are: Altitude 508 ft above ground level (AGL) to 50,000 ft mean sea 5
level (MSL), dive angle @ to 68 degrees, airspeed and g's (all types of maneuvering) £
within £light manual limits. Also, typical flight rules for test conditions which !
include other aircraft are: altitude separation without visual contact will be
maintained at greater than 180¢ £t within 5 nm when the closure rate is less than 18980
knots and will be maintained at greater than 2000 ft within 12 nm when the closure
rate is greater than 1880 knots or when Mach number of either aircraft is greater than
9.95

- Any unusual limitations imposed by weather or by external stores such as an

, ! instrumentation pod or external tanks

Instrumentation

- Description which includes the number and types of aystems and recorders, available

] recording times, locations, sources of data (i.e., which systems are instrumented),

3 how in;flight operation is controlled and monitored (i.e., by the pilot or on the

i ground

- Telemetry reguirements such as pilot audio, time, status indicators, event indicators,

- analog and digital data

4 - Parameter lists

= Checkout and calibration procedures

~ Special instrumentation requirements and/or limitations (such as the use of commercial
equipment not certified for all flight regimes)

4 - Requirement that adeguate time be made available to thoroughly exercise the

] instrumentation and data reduction cycle prior to the firat flight

- Dafinition of which parameters are go/no-go (i.e., the aircraft will not take off or
will abort the test condition if a no-go parametsr is unavailable), both from a

4 technical and safety viewpoint. The measurands and parameters could be categorized

H as: Category 1 - mandatory for safe conduct of the test (if not available, the test

3 flight will be aborted until repairs are made), Category 2 ~ required to meet a

- specific test objective (if not available, those tests will be aborted and others
substituted in their place), Category 3 - desirable to accomplish the objective and
support data analysis, however other alternate means of assesament can be substituted

~ Required instrumentation system accuracies (as aprropriate)

- Any requirements to have a transponder beacon installed for ground-based tracking
reference systems, or a Global Positioning System (GPS) receiving system instcalled,
time code generator or receiver, and audio tone generator for time correlation with
other data sources

- Requirement for spare video cassettes or film cartridges to be carried

- On-board and/or postflight hand-recorded data requirements (pilot/operator comments)

~- Weather data requirements

=l
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Support Requiremente

- Range support to include a geographic area with specified terrain backgrounds,
airspace, and electromagnetic environment

- Equipment

- Manpower

- Test facilities such as Time Space Position Information (TSPI) data sources (tracking

radars, tracking cinetheodolite cameras, GPS), mission control roous, vectoring/flight

test control, real-time readouts of aircraft speeds or closure rates, and tine

correlation capability between airborne and ground sources

- Other aircraft such as radar targets, instrumented targets, beacon-ejuipped aircraft

or air-to-air refueling tanker (including details on target RCS, type of beacon and

settings)

- Target aircraft systems to be instrumented (such as the Inertial Navigation System

(INS) and TACAN)

- ECM equipment on test aircraft, target(s), or standoff aircraft (including details on

jammer signals--or reference another document where they are contained)

Training

Unique technical support requirements

- Key test personnel and their responsibilities

e s, L P s
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Data Processing Requirements

-~ Definition of real-time displays for telemetered data (strip charts, discrete lights,

CRT display) ]

Quick~look postflight data requirements

Detailed postflight data requirements

Data distribution plan

Data reduction plan

Data processing responsibilities

Turnaround time requirements for quick look, detailed data and range data

Definition of the data which must be processed besfore the next flight can be planned

or accomplished

- Requirement that sufficient time be allowad between tests for applicable data
turnaround and analysis

- Requiremants for encrypted data

8
X
X
]
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Date Analysis

- D&u,\anlul.il plan which is sufficiently detailed to the point of stating
methodologies; equations, types of output (such as listings or plots) and formate (if

: not included in the basic test plan, tha data analysis plan should be referenced and
; written concurrently)

E - mtygh respoatibilities

Reporting Requirements

- Peariodic status reports

- Service reporting

= Preliminary report of results
- Pinal technical report

‘.

|

;; = Reporting frequancy, milestones and responsibilities
i

i

[

i

Safety

- Safety planning in accordance with the applicable regulations and resquirements
- Requirement that the test program be accomplished under the least hazardous conditions
consistent with the test objectives

- Description of any peculiar nperating hazards envisioned during the conduct of the
tests

Security

; - Operations Security (OPS8LC) requirements
- Communications Security (COMSEC) requirements

« Requirement that all activities are in accordance with the program security guide

- Any special or unusual problems concerning the safeguarding or transjorting of
documents or equipment

Appendices (containing detailed explanations and drawings of test conditions and flight
profiles)

List of Abbreviations

One of the areas often overlooked in test planning is that of defining tolerances (also
called trial/no-trial criteria) for the radar test conditions. A run may be deemed an‘:
invalid test of the radar system if a test parameter (target reiative speaed or aspect
angle, for example) was not within certain bounds. For those conditions which are
critical to the test success, tolerances should be specified in the test plan and
included in the run cards (usually in the form of target aircraft speed +,/~ XX xnots or
aspect angle within +/- XX deg). This not only will help to ensure more efficient us>
of the limited test time, but will identify to the test card writer, range support

personnel and aircraft crewvmembers, the criticality of some parameters and others of
lasser importances.

Another area which requires considerable attention during the test planning stage is
that of defining test condition sample sizes--tha number of succossful runs of each
condition required for an adegquate statistical evaluation. This involves a considerable
tradeoff between huge matrices which result from a multiplication of all modes,
conditions and variables, versus limited and expensive test time. Specifications will
often have a mean and standard deviation requirement, sometimes required sample siszes,
but rarely a required confidence limit or interval. Radar iest planning usually assumes
a normal distribution of the results with a sample size based on the confidence level
desired. This may be per mode or to make comparisons of variables within a mode (such
as the effects of various terrain backgrounds on detection capability). The uss of
interval statistics during the conduct of the test program is encouraged to possibly
decrease the required sample sizes if the results are well grouped and appear to be
representative of true system performance within agreed unon reasonable confidence and
risk limits.

3.5.2 Technical Review

In order to ensure proper and adequate preparation and planning, a thorough technical
review of the test plan should be accomplished, and any major test plan changes made
during the course of the test program. The intent of the Technical Review Board (TRB)
(also tarmed an Operational Review Board) is to establish a committee of axperienced
personnel not directly associated with the test program to provide an independent
technical assessment ¢f the test plan. The board is usually made up of operaticns and
engireering personnel, chosen based on their experience in the areas covered by the test
plan. The review will cover the entire test plan in detail, to include the test
| objectives, the status of preparation and planning, the technical adequacy of test

conditions to satisfy the objectives, any prerequisites to accomplishing the tests, and
any unique training which may be required (Ref 2). The TRB will also cover general
information such ae:

Background information, purpoas of test, type of test {i.e., Research, Development

Test and Evaluation, or Operational Test and Evaluation), and previous related tests
- Critical technical issues

Areas of project management emphasis
Primary responsible test agency, other participating test organizaticns and their
roasponsibilities

- Program authority and priority
- Becurity classification
~ Test location
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~ Test achedule . S - :
- The -use of .past experience with similar testing in preparation of the test plan
« Criteris for ending the tsst (e:g., vhen all test points have been flown or when the
APEtem . or ceupbRent - worke as advertises) - - ©o . e
- eview of apprigriate lessons learnsd and eny resulting test modifications which have
Tbheen incorporated in the test pla:
~ Review of. technical risks (i.e., ia something being done for the first time that may
require unique talent or resources?)
- Review of what production decisions may depend on the test results and the achedule
for those decisions : :
- The extent of government and contractor participation

3.8.3 Safaty-: lcvlnb

A safety review of the test plan and any ‘major revisions should also be accomplished, in
order to identify aay potential hasards, their possible causes and effects, and what
miniaising procedures wilxl be followed. Both technisal and safety reviews must de
completed prior to initiation of testing. Typically, these reviews are completed one
month prior to the start of teating. The main topics considered by the Safety Review
Board should be (Ref I

= The necessity of the test, the requestor, and the documentation requiring the test

- Mishap prevention responsibility, mishap procedures, accident accountahility, and
ajrecrew and test conductor responsibilities

- Use of previous safety lessons learned

= Adequate definition of test conditions in order to determine any potential hazards or
critical areas

- The adequacy of the system safety analysis and the results

= The adequacy of the operating hazard analysir and the results

- Safety of flight prerequisite tests (modeling, simulation, lab, integ . . :ion and/or
ground tests) which have been accomplished prior to both initial testin; ind testing
after significant system changes, and the test results

- EMC lab, ground and flight tescs which have been accomplished prior to radar testing,
and the test results

- The presence of sufficient buildup in the sequence of test conditions (i.e., testing
at less hazardous conditicns before proceeding to more hazardous conditions)

- Air-to-air radar testing specifics such as: separation altitudes, closing speeds,
manesuvering limitations, the terminology to be used to initiate and abort maneuvers
and runs

- Policy to brief all participants (including test aircraft crew, target aircraft
crew(s), and support/r=nge personnel)

3.6 Support Requirements

A wide variety of support is required to conduct an a/a radar flight test program. The
specific support requirements and necessary accuracies must be determined and well
defined early in the planning procass, since there can be long lead times to aobtain
items such as an instrumented target, high accuracy referelice systems, and COMSEC
equipment. The test planners ne=sd to understand the ramifications of specifying a
support item, and be ready tc justify or substitute acouracy or capability versus cost
and availability. Support includes a mission control capability, Time Space Position
Information (T3PI), and targets. Mission control usually includes sufficient personnel
to direct and monitor the test conduct, monitor the available real-time test data and
have a lest conductor in charge who is in contact with the test aircraft. Mission
control room requirements such as communications links, telemetry sources and reception,
displays and/or strip chart formats, and room layout all need to be specified early in
the planning process. During the test, mission control room discipline is critical. It
must be stressed that the teat conductor is in charge at all times, and that there
should be only one individual who is designated to communicate with the test aircraft.
T8PI can be provided by graund-based reference systems such as radar for aircraft skin
or aircratt transponder beacon tracking, or the more accurate cinetheodolites or laser
trackers. These systems track both the fighter and airborne targets, but have
limitations as to area of coverage, number of targets tracked (usually only one target
per tracker), accuracies obtainable, &nd operating meteorological conditions. The “"rule
of thumdb" that the reference system accuracy be well known and that it be 10 times more
sccurate thar. the radar system under test is getting mnre difficult to achieve with
today's advanced a/a radar systems. Rest estimate of trajectory processing of multiple
source tracking information is being applied to obtain better aircraft position and
velccity data with the limited existing resources. Future radar testing will need to
incorporate the use of the Global Positioning System (GPS) as part of the TSPI reference
systems. While GPS gives a significant increase in the number of targets tracked (if
they are instrumented), it doesn't provide aircraft attitude which is important with a
maneuvering test aircraft or target.

The TSPI systems also provide flight vectoring information which is vitally important to
achieve the proper setup for fighter and target(s), and to notify the aircrews of other
aircraft in the vicinity. Additionally, reference system data is used in real time to
obtain aircraft X-Y position data, altitude and airspeed when critical to the mission.
After the flight, the Qdata is used in the form of position plots, data tapes and
printouts for analysis. In order to achieve best results, preflight coordination and
briefing of all range support personnel (especially the controllers) is required, as
well as having some radar test program personnel at the range site during the flight to




help coordinate the mission. The tert conditions and profiles, terraia and airspace
requiremsonts must be jidantified. One way of doing this is to write a raage
spbuifitacien or teat glan vhich incorperates all suppors requisements for the t’n
rodar Zlight test conditions. In addition to the :h aceursey trachiag ramps, a test
aréht suoh' as &0 -Aiv Combat ‘Nansuvering Instrumetta {(MN3) range ehould be wesed for
operational testing. This allows both real-time and postfiight analysie of the cireweft
xalay 'l?plbuuy using multiple targets in concert with an operatioaal intercept
coatroller. - : .

Other sources of TSPI, while less accurate, be sufficient for some test comditions
such as a/a detection range. Air-to-air TACAI/DME can be used for tha test comditions
when aircraft poatuonlnz and data requirements are less stringent, for initiating the
run, and for helping to identify which displayed targets are actually detections of the
subject target airoraft. The accuracy of a/a TACAN has been estimated to de as good as
5.1 om dused on comparisons with other available tracking systems. The bees approach to
ite-use, would Be to set up a saall flight test of the a/a TACAN systen tO Pe used and
metsure: its performsnce under flight conditions similar to the radar comditioms. PFor
the most utility, the a/a TACAN/DNE data should be instrumetited and recorded on-board
the radar test aircraft. Loran C has been successfully used in the calibrate mode when
no aircraft maneuvering is involved to cbtain an estimated 66-foot asccuragy, although
the accuracy has degraded to 168 feet under some circumstances. Coupled with TACAN/VOR
and on-bhoard INS data, this could be sufficient to satisfy aircraft relative data
regquiremsnts, especially during system developmesnt. Of course; use of LORAN coamstrains
the geographic location of the testing. Some programs have used a pod scunted on the
test aircraft containing a small radar vhich can provide relative position information
between the fighter and a target. PFurther coverage of a/u radar reference data
requirements is contained in section 7.6.

Numerous airborne targets will be used throughout an a/a radar test prugram. The test
planning process nesds to identify the required types and number of targets, flight
hours and sorties, target speed, altitude and maneuvering performance, transponder
beacon requirements, and target instrumentation parameters. These targets should: 1)
have similar and dissimilar flight capabilities and radar systems (for EMC testing), 2)
have a variety of known radar cross-sections, 3) represent "friendly" and “unfriendly"
situations, 4) be in single and multiple formations, 5) be capable of the maneuvers
required to evaluate the radar at all points within its operating snvelope, and 6) be
equipped with electronic countermeasures (ECM) systems and radar missile telemetry
recelvers vhen required. The RCS of each target used for detection range testing must
ba accurately known, and preferably be close to that of the types expected to be
encountered in operation. A target with a radar reflector inatalled (or mounted in a
pod) can be used to better know and control the RCS8, but carries with it the
disadvantage that it may be much less representative of a true target in terms of
scintillation effects. There may be a requirement for the target to have a cockpit
readout of some flight data (such as angle of attack, or g's) to best attain the test
condition. HNelicopters may be needed to evaluate the effects of the rotating blades on
the radar. Some a/a radar testing will need a target with realistic emanations of other
on=board systess as well as a representative RCS.

The use of targets and their associated systems causes the need for other support
equipment. On-aircraft podu need ground support equipment and personnel for loading and
programming of jammers, checklists for their use, logistics for support at deployed
locations, and special handling equipment. The radar-eguipped test aircraft will also
require support squipment and personnel for on-board pods, jammer programming, missiles
and launchers. Also, significant numbers of ground su equipment and personnel may
be required for the likely long periods of time the a/a radar will be operated on the
ground in the test aircraft for development and checkout.

Ground targets and a known terrain background are important for a/a radar testing in
look~down conditions. Various terrains should be used and radar reflectors may also be
used to simulate terrain typos and/or large stationary discrete targets. MNoving ground
targets will be required and may have to be instrumented for speed and relative position
to svaluate the radar's ground moving target rejection capability. Ground-based ECM
systems will be required in order to determine effects on the a/a radar look-down modes.
The operational evaluation will need multiple airborne jammers in concert with ground-
based jammers to obtain a realistic battlefield signal environment.

Ground telemetry receiving sites will be required to support real-time data reception
and processing. There may have to be ground or airborne repeaters to relay the data
vhaen the test aircraft ie operating at low altitudes, over rough terrain or at longer
distances from the mission control site. A portable telemetry receiving capability,
poseibly mountsd in a self-propelled vehicle, can be of great value. It is even more
valuable for deployed location testing when it also includes some radar data processing
systeas.

Corralation of the time systess used by all test participants (using a time standard
such as IRIG B) is extremely important for a/a radar evaluations. Usually some event
marker will be recorded on all systems which will allow a postflight check to identify
any time deltas to be applied to the data. Ths aircoraft speeds combined with the radar
systea accuracies being evaluated quite often require that all data times be correlated
to within 18 wmilliseconds.
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3.7 tion System

™he tera maaaguaent information system (NIS) used herein refera to a system ctutaining &
1arge data base of ianformation for the a/a radar test program, with an easily acceasible
istotastive. meens of setrieving the informstion by multiple users at various lotations,
aml Ahe ablliitsy o nanipulate it according o the users' desires. This system can be
wied for reler data. gunarated by the tests. and progrim date whidh imcludes infowmation
- - sshedulen, conditions, and Pprodiens. Ths system Moeld e “yeer-

¥t ‘1404 rofaice very little dutailed training te operate it and provide the
w90t oith sivgle plain~lenguage conmands. It should also sasily and quickly aceept
iaput data, as that is wesuvally the mcet lador intessive snd timw-consuming part of the

For all radar tests there should be ohe coatrol led set of data, that ie, all evaluators
should start with the same aoquiswd data and can thea on and analyns it as each eets
fit. She NIS shonld sontaine the radar and aireraft avionios suite configuration
(enfovare and handware) for ench condition flowm, pilot end enginesr cosments for each
tedt eonditien flowa, and should be organised such that sll informatioa om any
particular radar subjeet (such as a specific wode, or a specific prodlem area) can be
ohtained. Thie will allow indications of trends in radar performance froa multiple
flights, and wiil help ia dcomenting and reperting on radar performsace. The system
configuratioa information ehould be formatted and stored 0 it can aleo indicate which
oconditions seed to be reflowm when a coafiguration change is made. The NIS can aleo be
used. t0 halp sonstruct quick-1ook and final radar performsnce snalysis reports and
standardise their appearance.

T™he systea should be eised to incorporate radar performsance data from all.types of teets
inclueding simulator, integration lad, ground and flight tests. It also needs to De able
to accommodate data from instrumented targets, reference tracking systems and ECM
ranges. The syatem may contain a library of data formatting and merging routines,
variables, and analysis algorithme that emable the radar analyst to rapidly determine
radar perforaswce.

Once properly configured, the NIS can be Used to prioritize radar test conditions, and
reprioritize them during the course of the program as changes take place. It can
construct a schedule of tests and include the prerequisite radar test poiants (thoae
points or modes which must be successfully accomplished prior to others). These
prerequisites may aleo address other on-board aircraft systems which are dependent oa
radar operation or which provide information to the radar. The NIS should have a
capability to crosse-reference radar specification requirements with test objectives,
include information on each test condition for each radar mode, and include requirements
for support (e.g., TSPI, targets and ranges), instrumentation and data processing. This
can then allow the NIS to select teat points to be accomplished for a f1ight (logically
grouped together wost efficiently considering fusl, support and other constraints), and
to prepare inetrumentation lists, support requirements and schedules, flight cards and
data processiag requests. It could be used to indicate to the radar flight test engineer
that the setup for one radar test point (A) is the same as for another (B) and they can
be satisfied simultanecusly, or that they are 0 close that a minor change would allow
their simultaneocus acoosplishment. If only certain types of support were available for
a given test period, the MIS could identify all teats that can still be accomplished
within that (or any other) conetraint. It can also De used to track status of each test
condition (e.g., number of times it haa been attempted, vhether it was satisfactorily
flown, aircraft and support data acquired, and analysis completed) and provide current
overall program status and management indicators of test progression versus the planned
schedule, cost and significant program milestones.
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¢  FLIGNT TASY TRCEMIQURES - SPRCIPIC
4.1 - gemaye}

This _oection .is . organized to include soms genaral (acn-mode aspeeific) test
oenaiderations,  with secsion 4.2 and beyond going into detail ea testimg of specitic
sisc.edes. . - In genezal, the a/a redar svalustion should be cemstrusted to fly to the

ve: Ronndaries of the radar and/or sircraft operating eavelephs to determine it
any -dimitations exist. Knowledge of m-nhr'an-. a8 well a8 the jintended
cperaciomal - usage, should be considered vhea deternining what tests te ascowplish and

aust -sccomodits applicable safety comstraints.

In aany radar test programs, most or all of the tests are accomplished with cne set of
radaz hardware and one avionios suite. Although during a davelopment effort there may
be .aene. LU changas, the question may rsmain as 40 how repressntative of the eatire
t:cheucn e vas. the one radar tested. Often, a rudar specification requirement ia
atentionally written such that, if the tested radar meets it, the rest of the
production rua will be within a reascnable range of the specification and still meet the
operaticsal reguirement. Productiocn redar systems may be pariodically eveluated (doth
in a ground lab and by flight test) to ensure the average performance has not fallen and
that the test results are still representative of those systems installed ia the fleet.

While antenna beam patterns and sidelobes ars primarily msasured in a laboretory, sose
in-flight testing should be performed to fully evaluate the installed performsnce to
include all effects of the antenna installation, interface with the radome, and effecte
of aircraft motion and vibration. This testing would require flying a prescribed flight
path with respect to a ground receiving station while transmitting with the radar besm
set to oo-umwu{ point at the same angle and sweeping it past the ground station.
This beam configuretion may be available as the ACN boresight mode, Or it may require a
modification to the radar to achieve it. The fighter will be maneuvered to cover the
required asiwuth and elevation angles, and the radar antenna beam signal strength will
be msasured by the ground receiving station instrumentation. The evaluation will need
to take into asccount the fighter position relative to the ground receiver and the
attitude of the fighter at all times.

T™he geographical area used to accomplish fadar performsance evaluations is usually more
dependent on the locations of the reference instrumentation, the flight test facilities
and the airspace availability rather than a specification terrain reflectivity
coefficient. Therefore, some extrapolation may be required betwesn the conditions
actually encountered and those required for each mode. HNot to be forgotten, however, is
the necessity to also test the radar in the "real world" where other factors, such as
signal multipath, are present from varying terrains.

:ith the wore highly integrated aircraft avionics suites being built, it is difficult to
svaluate the radar only since the other avionics systems (or their functional
equivalents) are required to be installed in order to even turn on the radar and cause
it to perform. Further, if the radar interleaves a/a with a/g modes, the best approach
is to test the a/a modes first alone to determine a performance baseline, then allow the
sodes to operate interlaced and see if the a/a performance degrades. Other examples of
the appropriateness of establishing a performance baseline are: adding more multiple
target tracking capability--possibly in conjunction with the addition of more data-
inked a/a missiles; the addition of data-linked missiles with other missiles requiring
cadar guidance transmiasions and radar pointing--especially since it may require radar
recoanfiguration times from one mode to another: integration with an IFF interrogator:
and any future modifications. Also, radar tests should be performed in a clear
er .ronment (no ECN present) to establish a baseline, and then run with ECM present.
S :.ions 4.3 to 4.7 of this volume contain detaila on a/a radar evaluation in a clear
environment, and section 5.3 covers evaluation in an ECM environment.

+:... effects of weather on radar operation are difficult to measure, since it is very
formidable and expensive to accurately determine exact weather parameters (e.g., cloud
moisture content, and rainfall rate) all along the route of a moving fighter and targat.
Also, scheduling a miasjion in advance to include weather is far from an exact science.
If the radar is installed on a new (still in development) fighter aircraft, the aircraft
may not be cleared for operation in weather at the time the radar is being tested;
therefore the use of a radar testbed aircraft may be essential.

4.2 Operational Evaluation
4.2.1 What to Evaluate

An overall operational evaluation of the radar system should be conducted based on both

the testing described for the detailed mode svaluations in sections 4 and 3 of this

zgm. as well as additional dedicated testing to accomplish the following types of
ectives:

= Evaluate, during routine a/a flight operations, the operational effectiveness of the
radar, and its suitability for single-gship and formation cperations

- Evaluate the operational effectiveness of the radar during air-to-air cosbat
opsrations and weapons swployment ,

= ldentify pilot training requirsments to achiave effective radar use
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= Svaluate actual and potential radar hasards which gould casse equipment damage or
{ajuty to perscanel
betetuine any tactical limitations asscciated with the radar
16amtify and asseess aircraft tactios with respect to radar operation
Deteritid is‘::: ’.:um h":::::::d by perscanel in the field
ra
Asaess the eoffect of ihe raduy on the airorafit reliability and maintainability
Assety the effect of radar aystem reliability on the availability of the aircraft
undler peacetime, surge, and sustained operating conditions
= Assess the logistics supportability of the radar systea i
= DoGsShine thé porcent of engagements in vhich the aircraft: 1) etarts from an !
) ) setup Snd achieves first weapon c?l t, 3) starts from a meutral setup
ond Gehieves first weapon employment, and 3) starts frowm a defensive setup and
wihieoves o sgparution or first weapon employment
= Bvaluate the capability of the radar while performing: 1) a trail departure, 2) a
tanker re and 3) high speed intercepts
= perfory pilot subjective evaluation of radar performance in all modes

functioba)l sest conditions will bDe required each time a signifinant change is made to »i
thy redar. These conditions are intended to determine if the radar still adequately :
fmctions im the modes which should not have been affected by the change, and that the !
ohanged godes fundtion and are ready for evaluation. These runs may be modified as ;
degired w accouplish the functional test reguirements. The recuirements for reference :
dacg, on-Dourd instrumentation, specific target size and nr.ouvortn! capability will

likely be less stringent. Table 2 identifies typical test conditions which may be ‘
utiliged for mode functional checks. i

4.2,2 Conditions and Factors for Evaluation

:rrneionnl testing will use operational profiles and will require some dedicated
ssions to sccomplish. Routine operations are common to most missions and for the most
part oah pe evaluated in coajunction with other testing. Some dedicated sorties may be
Tequired to foous on specific tasks or mission segments. Organisaticnal and
intermediate support equipment, military support personnel, and production technical
data (as available) should be used. Data will also be gathered from any training
slssions accomplished.

Various forxce sises of test aircraft will perform radar intercepts and attacks against
simulated adversary force aircraft. When appropriate, other "friendly" aircraft will be
integrated into the force mix. Nissions should be structured to assess offensive,
detgnaive and neutral initial conditiona. Emphasis is placed on determining the
capabilities of the radar and (when applicable) the integration with the weapons system.
Tactical missions are typically planned for two to four “friendly" aircraft and from cne
to gight adversaries. The initial aircraft set-ups are co-altitude, look~up, and look-
down, with low, medium, and high initial target altitudea. Scenarios are designed to
engage the targets from various aspects. Although the majority of sorties will normally
be conducted during daylight hours, a small sample of night missions should be conducted
to investigate any effects of the night environment on the ability of the pilot to
effectively employ the radar system.

4.3 Datection
4.3,1 What to Evaluate

The primary evaluation for an air-to-air radar is that of determining its capability to
detect an airborne target. The full operati envelope of radar detection capabilities
neads to be determined in all search modes (RWS medium and low PRF, and VS) including
minisum and mazximum detection ranges. In addition to the stutistical measures of radar
detgction performance, the pilots should make a subjective evaluation of detection
petformince in operational scenarios and the utility of various features such as false
alarm rate, lov versus medium PRF, VS, and GMTR.

There are geveral wvays of expressing the detection range of an a/a radar: Pp, P, ¢ and
what might be termed the "pilot" detection range. These are all directly roDl.ateq“ o the
RC8 of the target and will change based on different aspect angles with respect to the R
san) target, or different size targets. The terms pregsented in this volume are also !
sPPlicable to radar systems which do not have a synthetic display, with the added i
requirement that the evaluation also include display interpretation to define the
criteria for saying that a target detection is present.

T™he gingle scan probability of detaction, Pp (also termed the blip-scan ratio), is the
ratio of the number of target detections (th) to opportunities (usually based on one
opportunity per scan). The detection range is specified as the range at which P
Todthes & gertain perceant of target Jdetections versus opportunities--usually either sﬂ
or % perceat. The cumulative probability of detection, Poyy. is the cumulative
prodabllicy of the first target detection based on a number of similar runs, and is
usially specified as the range at which Poyy is either 85 or 96 percent. An example of
& Wy of expressing Poyy is as .'e’ - which would be defined as the range beyond which
83 percent of the !1:52 target detections occurred.
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Tanie 2 TypiCAL FuncTIONAL FLIONT TasT ComMDITIONS

RUN # CONDITION m, M}E{ aﬁﬁl EI'IE REMARKS

) | ow ALT. 475 K ¢I- ’}80 385 S00 20m 6L ?kHS)- nuecnon

00K DOWN Derexnon
AD~ON LTITUDE
une nagxn. NoTES:
[} r ]
2 kz ALT, N7s 5K +/- N/A NA NA 6ATR Serection (RNS)
ing Ter. 0° FLY PARALLEL TO A
Resscrion NIGHWAY AT 800 sps

ND SPEED. SeLeCT
LOWM/HIGH NOTCH WHILE
PAINTING THE TARGET
AREA. Noves: 1, 3

3 Low ALT. 500 5 SeoT 180 350 500 20mm AR SeoTLIGHT (RNS) De-
h:ox mnown +/-5 I:c;xou RANGE. NOTES:
AD- s .

& Mep. ALT. son 106 N/A }80 445 6K 120m AR ScAn PATTERNS. (ACM)
+/-5 30 X 20) Autro Aceul-
TION. ALTITUDE LINE
TRACKER. GMTR seLec-
TION.

5 Mep. ALT. 295 10K N/A 180 295 6K 12 AR SCAN ParTtemns. (ACM
+/=- 5 SLEWABLE) AUTO Acaul-
SITION. ALTITUDE LINE
ruscxen GNTR SeLEC-
TION.

6 Medp. ALT. 350 126 N/A 180 350 15K SNMN 1000° SCAN PATTERNS. (ACM
+/- 8 10X40) Autvo Acauisi-
TION. ALTITUDE LINE
TRACKER. TARGET MAKES
LEVEL TURM, FIGHTER
FOLLOWS MAKING RE-
PEATED ACQUISITIONS-
NOTE: &

7 Mep. ALT. 350 15K N/A 0 350 15K 2000° 1000’ SCAN PATTERNS. (ACM
+/- 8 BORESIGHT)AUTO ACQuUI~

SITION. ALTITUDE LINE

TRACKER. GMTR SsELEC-

TION. TARGET PERFORMS

SPLIT=S, FIGHTER FOL-

LOWS MAKING REPEATED

ACQUISITIONS. NOTE: &

8 Hien ALT. 300 206 AR 180 300 25K 40nm AR PROCESSING TIME (RCR)
Heap-oN +/- 5 INITIATE RCR sevsng
TiMES. NOTES:
9 Low ALT 300 7.4 AR 180 300 500 AR AR CLyuTTER REJECTION
HeAaDp-oN +/- S (VS). DETECTION 8 +/-
60°. €  SEVERAL
ACQUISITIONS. NOTES:
1, %
10 Mep. ALT- 475 13k 1 +/~ 180 A4S 35K 20 AR  ALTITUDE LINE TRACKER
ook Up 30° +/-§ OTLIAMT ACQUISITION
EAD-ON ESINGNATE. ORSERVE

THAT  THE  TRACKER/
BLANKER IS DISARLED
NOTES: 2, §




TanLe 2, (CONCLUDED)

RUN # CONDITION m MEr g g RENARKS

11 Nep. ALT. 17c 500° 6L SeoTLienT (STT) Tmack

+/- 5 THRU  NOTCM. Agro
RANGE sn:IEalne- N-
TRY INTO - AcQui-

SITION WITH  MANEU-
VERING TARGET. AcCQul-
SITION WITH  HIGN
CLOSURE: HAYE TARGET
START AT 500' RANGE
AND  INCREASE RANGE
SEPARATION. TARSET ﬁ
Fearouns 180° TuRN

ERFORM RCR AS TARGET

CLOSES. Noves: 2, 3 {

12 LowAr- 250 Sk N/A O 355 500° 5 AR SAME AS RUN 11 Except '
+/- 90 kO”s ALTITUDE. NOTES:

. ros

13 HiGw AT 250 200 3 ’(- MULTIPLE TARGETS AR AR AZIMUTH AND ELEVATION
ALL ASPECTS 25 COVERAGE. TARGET PRI-
ORITIES. PlLOT PRI-

ORITY OVERRIDE. Ex-

D DISPLAY. Man-
UAL,i ?Hg NuLTI-
TARGET TRACK- TRACK

TRANSFER. TRACK TAR-
GETS OF OPPORTUNITY.

NoTEs: 1. ALTITUDES ARE AGL.

2. ALTITUDES ARE MSL.

3. SPEEDS ARE GROUND SPEEDS.

8. A FIGNTER-SIZED TARGET IS REQUIRED.
a AR IS AS REQUIRED.

5. 6L IS GIMBAL LIMITS-
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-
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The "pilot" detection range can be defined as that range at vhich the pilot is able to
determine there {s truly a target present. With a synthetic display radar, this is

nt on the gystem false alarm rate, operator experience and faith in the system,
and the flight acenario. MNormally the "pilot" detection range would De greater than the
Pp range but less than the Py first hit renge under the same conditions.

In an operational sense, there can also be a “useful” contact range, cepecially since it
say well be dependent on the tactical situation (during which the pilot may not have the
opportunity to be continuously observing the radar dieplay) and the weapons to be
enployed. The numbar of target detections required to declare a “"useful" target
detection range could range from as low as one (if the target location is well known by
another source such as an early warning system and transmitted to the fighter pilot to
have him search a small epecific area) to several if in a multi-target enviroament. In
that case, the criteria to declare a detection could vary; for example it could be
defined as using a scan pattern to cover an area for a target as reported by another
source, roceiving two closely apaced hits on the the spected target, and then an
attempted lock-on to confirm the target is present.

One other exception to the detection definitions previously stated is that of a/a beacon
mode. The display of a beacon return normally consists of a set of characters or lines
which indicates the beacnn range and the beacon code. 8Since there is no interpretation
required and the mode usually includes & capability to freese the display to better
identify the return location, the first hit would be sufficient to describe the
detection range and a blip-scan ratioc would not be not required. The evaluation should
note, however, the consistency of the presence and location of the returns from scan to
scan with respect to range and azximuth.

Bvaluation of the radar detection capability will also include a determination of the
existence of any detection holes ("blind zones”) in velocity or range using the results
from a number of runs to correiate any holes with target range or combinations of
fighter and target velocities. This relationship will likely change with respect to RWS
versus V8 modes, long range search options which interleave medium ai:id high PRF on a
scan~to-scan basis, and may also be dependent on what ground moving target rejection
(GNTR) velocity is selected. Also, the adequacy and usability of the displayed
minimun/mazimum search altitude (the spatial coverage of the antenna pattern at the
cureor range) should be evaluated by the pilot with respect to how well he can use the
information to help locate the scan pattern to detect a target.

In a synthetic display radar, the false alarm rate (FAR) must be very low (typically no
more than one false alaram per minute) in order to recognize the presence of true
targets. In a look-down radar mode, ground clutter is the main contributor to false
alarwms, sO the evaluation must determine if the system properly rejects (notches ocut)
the clutter return presented by tha terrain. False alarm rate should be evaluated on
every detection run since a tradeoff exists betwsen FAR and detection range sensitivity.
The look-down detection modes may have an operator-selectable GNTR velocity in order to
distinguish and eliminate the display of relatively slow moving ground targets and
enhance the pilot observation of the desired airborne target. The evaluation shoulad
include an assessment of the effects of each selectable GMTR velocity on the detection
range and FAR. Velocity search mode is also more susceptible to false alarms being
generated by multiple velocity returns from sources such as jet engine modulation,
aircraft propsllers, and helicopter rotors.

The accuracy of the target information on the radar display should be evaluated,
especially if the operator or radar system is exchanging target information with another
airborne or ground-based source. For a B-scan display, this would be the accuracy of
the target range and asimuth in RWS, and target velocity and azimuth in VS. If the
fighter is equipped with an on-board IPFF interrogator, the correlation of the radar-
detected targsts with the IFF-detected targets should be evaluated.

Evaluation of the scan~to-scan asimuth and range correlation (target centroiding) should
determine if any changes occur in the displayed target aximuth or range when displayed
from left-to-right or right-to-left scans in esach wode. This is a more likely
occurrence if the radar has a long range search option (which interleaves high and
medium PRF in alternate scans) due to the differences in range resolution and accuracy.
If present, these displayed target position shifts could confuse the truea target
position or mislead the pilot into believing more than one target was being detected.

Determination of the radar capability for multiple target range, aszimuth and elevation
resolution (elevation resolution is a function of the elevation bar overlap in other
than one-bar scan) is the measurement of its ability to distinguish between two or more
alrborne targets. Tests will determine the minimum separation for which two targets can
be distinguished and displayed. In VS8, resolution is the minimum doppler velocity
separation required to distinguish and display multiple targets.

The effects of several different radar operating variables should also be evaluated:
scan width, pattern, speed and elevation coverage: operating frequency: the presence of
weathar; the dstection of weather; changes in radar systam sensitivity; and non-clutter
re jaction mode operating envelope. A number of operator-selectable combinations of
radar scan width, pattern, speed and elevation coverage is usually available, as well as
those that are preset. The use of one versus another can impact detection range, and
should be compared to an established detaection performance baseline to measure any
effects. If the radar has more than one selectable operating frequency (most do), any
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affects of changing the operating frequency--givea all other conditions are the same-=
snould be determined for target detection and false slarm rate. If test conditions
allow the fighter and target to be separated By weather, any effects on detection range
or false alara rate should be evaluated. Some air=to-air radar non-clutter rejection
modes (such as LPRP) may allow detection of areas of large weather buildups. It
conditions permit, an evaluation should be made of the radar effectiveness in detecting
the %nm of weather and identification of associated characteristice. The adequacy
of the system to compensate for changes in sensitivity (usually a factor of the
noechanination of the automatic gain control (AGC)) should be assessed with respsct to
any effetts of fighter altitude changes, or the prozimity of a radar-equipped wingman.
It i{s poesible that the proxiamity of a wingman could drive the AGC up (and therefore
lower the radar system sensitivity) vhioh would decrease the radar detection range.
™ie is a potentially seriocus impact, particularly since there would likely be no
indication to the pilot of a decrease in radar capadility. The operating envelope of
aott=clutter rejection modes such as LPRF and V8 (primarily a function of antenna tilt
angles and clutter conditions) should be explored and identified during the test
program. LPRP le typically iimited to antenna tilt angles of greater than about +35
degrees, depending on the fighter altitude and the surrounding terrain, eince lower
angles result in an excessively high false alarm rate.

4.3.2 Conditions and Factors for ERvaluation

Evaluation of the radar a/a detection capabilities involves a substantial number of test
conditions and factors. These include both look-up and look-down runs in the presence
of different clutter backgrounds and at a variety of tilt angles, combinations of
tighter/target altitudes (such as low/low, low/medium, low/high, medium/low,
nedium/high, high/low, and high/high) and detection through different portions of the
radoss. Also used should be head-on, tail-on and off-angle (such as 43 degrees)
tighter/target flight patterns to obtain a variety of closure rates, different clutter
relative speeds off-angle, and to detect the existence of reflection lobes, different
false alara rates or radome effects. Terrain background has the most effect on a/a
radar lock-down modes, but can also affect lock-up modes when flown at lower altitudes
with shallow look=-up antenna tilt angles. Tests at different elevation and azimuth
angles are especially important if the radar antenna is a non-scanning phased array,
since it will likely have a different detection range off-angle versus head-on due to '
the pattern forming characteristics. A range of various fighter and target speeds will
investigate if there are any detection holes or significant changes in detection {
probabilities when in different regions of visible PRPs. Typically, 6 to 16 samples of
esach detection test condition are required to provide statistically meaningful resulte.

The cffect of terrain background on detection capability is measured by making
comparisons of measured detection ranges over different terrains while holding all other
conditions constant. The types of clutter/terrain/backscatter coefficient used may have
a subdbstantial effect on the system false alarm rate and detection sensitivity. It may
impose a distinct altitude line in the radar (worst case being a calm sea) and present
large discrete ground targets (especially terrain such as steep-sided ice-covered
cliffa). The radar performance requirements may include a specific backscatter
coefficient to be used, but it may not be available at the test site during the test
program. Commonly, radar systen parformance is svaluated over desert, mountainous,
urban and sea terrains, but the true terrain reflectivity coefficients for the actual
test areas may not be known. There are several factors to consider in this situation.
While the backecatter coefficient may be known for another area further away from tha
test facllity, the tests may be constrained by the availability of ground-based
references, or telemetry receivers in that area. This situation may result in changes
such as the use of a non ground-based reference system such as the Global Positioning
System, or by accepting less accuracy through the use of a/a TACAN. Another solution
for the lack of backscatter coefficient for the test area has been to implement a scan
down capability in the radar which, vhen calibrated properly before the £flight, will
gather data in the detection modes to make a judgement on the relative amount of clutter
presented to the radar. The most expensive solution is to use an airborne system to
make thorough measurements of the backscatter coefficient for the test area to be used.

e e

Detailed knowledge of the target radar cross-section (RCS) is extremely iwmportant and
must be known for all aspect angles to be used, since considerable changes occur on most
targets with changes in aspect angle and angle-of-attack. To preserve a consistent
target RC8 Qquring detection testing, it is important to establish test condition
tolerances in order to maintain the target aspect angle within a fairly small range.
Often, the RCS of the target used is different from that called for in the
specification. It would be helpful if tha specification were written with the actual
avallable targets in mind, and even better if a standard target was defined. However,
ig the target RCS ie different from t,nt in the specification, the measured detection
range can be normalized using the 1/R" (R is range to the target) relationship from the
radar equation. Also, knowing the RCS of the target used will allow extrapolating the
test results to any target of interest. A note of caution is appropriate since this
extrapolation cannot be applied universally for several reasons: 1) very small targets
in & look-down situation will have to compete with large clutter returns and fall
below systea thresholds thereby changing the detection range significantly, 2) very
smsll targets also require a lower tilt angle (the antenna pointed further down) to
detect the smaller target at a shorter range wvhich can cause the radar to pull in more
clutter AGC, 3) very large targets may pose such a large signal return that the system
sensitivity and false alarm mechanizations will not adequately compensate, and 4) other
factors associated with targets, such as the rotors on a helicopter, may alter the
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extrapolated detection range. If test time and resocurces permit, a further check of
the detection range extrapolation based on target RCS can be accomplished by teste using
several different sises of targets and theredby checking several points on the
extrapolation “"curve® with respect to target sise and clutter background.

Detection runs should be accomplished with the radar antenna set at a constant tilt
angle throughout the run and for all similar rune, otherwise the detection probabilities
ocan change ugatnmur if the target does not enter the radar beam at the same rangs
each time. Nost detection runs are in a two-bar scan pattern with the tilt angle set to
cover the target at the predicted detection range. Thie should produce proper Pp
curves, but if not (the Pp curves do not rise to the required percentage before the
target exits the beam or rise immediately as so0n as it enters the beam), a different
tilt angle should be uaed. The emphasis on setting the tilt angle may require a non-
standard high accuracy tilt angle readout on the radar display (to a tenth of a degree)
during the teat program to achieve repeatable results. During detection test
conditions, target hiastory (the number of frames during which the detection symbol
remains on the display) should be selected for the lowest setting (preferadbly one) to
mninimize confusion of actual target detections with the presence of false alarms.

The target must be flying straight and level at the start of each detection run,
otherwise unreslistic detection ranges will result against a target still mansuvering to
achieve the run conditions. Naximum target detection range runs normally start with a
separation between the fighter and the target wall beyond the estimated maximum
detection range, and are aet up in either a tail-chase or head-on configuration to cloase
in separation until the target is out of the radar beam. If the run is started with the
target at short range already being detected, and then increasing target separation
until it is no longer detected, it is more a test of the retention of detecting a target
rather than the maximum detection range.

A major source of target false larms can be the presence of very large radar cross-
section discrete targets (on the order of 180,008 square meters) in the antenna sidelobe
and radome reflection lobes. Look=down tests should be conducted in an area with low
backscatter coefficient terrain on one side of the ground track and large discrete
targets on the other side of the ground track. Testing should include rolling maneuvers
which cause the beam to illuminate many radome locations to note any false alarms caused
by antenha sidelobes and radome reflection lobes. The shape of the radome will dictate
how much testing and how many angles should be observed. If the radome is symmetrical,
it is unlikely any change in FAR would result. However, if it is not symmetrical,
difterences in reflection lobe characteristics may exist and cause a PFAR change.
Section 5.7 of this volume contains a further discussion on radome evaluation.

Nultiple target atimuth, range and velocity resolution can be accomplished by varying
the separation of two targets (using only one separation type at a time) and requiring
continuous TSPI on the fighter and targets to corralate their actual separation with the
nunber of targets shown on the radar display. The most advantageous method of
conducting the range and azimuth resoclution tests is to set the aircraft up in a tail-
chase aspect in order to better control the test conditions and achieve many separations
and closures in a shorter period of time. The nature of the velocity search mode will
r;quir; the targets be set up in a tail chase with respect to each other, but head-on to
the fighter.

Tests involving weather are difficult to "schedule® in advance and are therefore
sccomplished as time and weather permits. It is also difficult to quantify the weathex
when encountered, resulting in only a qualitative analysis of its effects on radar
capabilities. Therefore this test is of a lower priority, yet is still a worthwhile
evaluastion to conduct. There is no necessity to actually penetrate the weather, oaly to
have it in the vicinity between the fighter and the target. Table 3 contains typical
test conditions for a/a detection teasting.

4.4 Manual Aocguisition
4.4.1 What to Bvaluate

Manval acquisition is defined as the process wherein the operator identifies a target of
interesat (usually through moving a cursor over the target on the radar display) and
designates (commands the radar system to initiate a track/lock on to) that target. The
adequacy of the size of the cursor "window” which defines the area of interest must be
determined. The important aspect is the range interval that the cursor represents--its
detfined internal range dimension is a tradeoff betwcen the system ability to resolve and
lock on to the desired target in a formation of closely spaced targets {using a narrow
cursor Tange interval), versus the capability to lock on to a single high closure rate
target (using a wide cursor range interval to accommodate the rapid change in target
range). It is probable that there may be different window sizes mechanized for various
stages Of the acquisition cycle such as designate, confirm, mini-scan and reacquisition.
The evaluation of the cursor sisze will also involve an operational assessment of the
precision required of the pilot to place the cursor in order to achieve a high rate of
lock-on success. The acquisition cursor movement--both the rate of movement and
sensitivity to pilot inputs--will be qualitatively evaluated. The movement is usually
determined by the radar software and will vary with the amount of control deflection and
whether the mechanization represents a position or a rate command.
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e
S CONDITION
! | 1 LOWALT,
o LOOK-DONN,
.g HEAD-ON
:i 2 LOW ALT,
b Logk-Toin,
1 . TAIL
: ! 3 MED ALT,
( LOOK-UP
F HEAD-ON
| 4  MNED ALT,
! TAIL
5 LOW ALT,
! LOOK-DORN
‘ CLOSING
| 6 LOOK DOWN
)
? 7 LOOK uP
, 8  LOOK UP
‘ 9 LOOK DOWN
, 10 LOOK DOWN
11 LOOK DOWN-
! 45*
' 12 LOOK DOWN-
LO ALT
: 13 LOOK DOWN-
) LO ALT
\ 1% LOOK UP-
; 45*
‘ 15  LOOK DOWN
¥
; 16 LOOK DOWN
' 17  HIGH SPEED
» 18 LOOK DOWN
’ 19 LOO0K UP
b
} i 20 LOOK DOWN
~
Ll 21 LOOK UP
b

TABLE 3 TypIicAL A/A DETECTION FLIGHT TEST CONDITIONS

474 65
474 6S
700 6S
700 65
320 &S

300

300
300

300
300

300
300
300
300

0.9
MACH

0.9

MACH
1.5

MACH
MAX

300

300

0.3
MACH

Logx ;E Eﬁlﬁiih,_
ANGLE T .
(D (DES) ASEEI.CI SFT) IERRAIN _ REMARKS
5K A6L 0 HEAD 340 6S 500 A6L D CLUTTER DETECT.,
+/- 5 BLIP-SCAN RATIO,
FAR.
5K ASL 0 TAIL 340 65 500 A6L D CLUTTER DETECT,
+/- BLIP-SCAN RATIO,
FAR.
30K A6L 0 HEAD 432 6S 33K A6L D BL1P-SCAN RATIO,
+/- FAR.
30K A6L /0 TAIL 432 65 33K AGL D
* -
SK A6L 45 45° 320 6S 500 AGL D CLUTTER DETECT,
+/- BLIP-SCAN RATIO,
FAR.
5K AGL 0 HEAD 250 1K A6L M
+/-5
1K A6L +/05 HEAD 250 FTR+15K D
1K AGL 0 HEAD 250 FTR+15K M
+/-5
15K AGL */05 TAIL 250 5K AGL
15K AGL 0 TAIL 250 5K A6L
+/-5
15K MSL 45 45 300 SK AGL D
+/-5
SK A6L 0 HEAD 250 500 A6L D
+/-5
SK A6L 0 TAIL 250 500 A6L D
+/-5
15K MSL 45 45 300 20K MSL D
+/-5
30K MSL 0 HEAD 250 500 A6L D
+/-5
30K MSL 0 HEAD 250 500 AGL N
+/-5
30K MSL 0 HEAD 1.5 35K MSL D
+/-5 MACH
5K AGL 0 HEAD 500 500 A6GL D
+/-5
5K AGL 0 TAIL 300 15K MSL D SEPARATION VARI-
+/-5 ABLE BETWEEN TwoO
TARGETS TO CHECK
AZIMUTH RESOLU-
TION.
15K MSL 0 TAIL 300 1K MSL D SEPARATION VARI-
+/-5 ABLE BETWEEN TWO
TARGETS TO CHECK
AZIMUTH RESOLU-
TION.
5K AGL 0 TAIL 300 15K A6L D SEPARATION VARI-
+/-5 ABLE BETWEEN TWO
TARGETS TO CHECK
RANGE RESOLUTION
~ g R R~ bl it E

’ o I X L T ’
ORIy FAIPOR. - R S
PO S R SR



S e e o e

23

24

25

26

TABLE 3 (conrtnuen)

ANGLE

e e e e W' m e e <

LOOK
: . SP'EE“ Li}rr ANGLE
COMDITION (KNOTS) (FI) (DE6)
LOOK DOWN 300 15K MSL 0 TAIL
+/-5
LOOK DOWN 300 5K MSL 0 TAIL
+/-5
LOOK uP 300 1K MSL 0 HEAD
+/-5
LOOK DOWN 300 15K MSL 0 TAIL
+/-5
LOOK DOWN 0.9 30K mMSL 0 HEAD
MACH /-5
NOTES: 1. TERRAIN TYPES ARE: M - MOUNTAINOUS
D - DESERT
SEA - SEA
2. G6S IS GROUND SPEED
ASPECT
ANGLE
LOOK

TARGET

300

250
250
250

250

1K A6L

500 MSL

17K MsL

5K MSL

500 MSL

—— . —

D

SEA

SEA

SEA

SEA

-
) IERRAIN __ REMARKS

SEPERATION VARI-
ABLE BETWEEN TWO
TARGETS TO CHECK
RANGE RESOLUTION
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Of primary importance is the maximum radar lock-on range t0 a target. Normally,
acquisition would be attempted as soon as a detection is displayed to see if the system
‘ will lock oa to any target it can detect. The rate of success of lock-ons attempted
! {number of successful look-cns versus the number of opportunitiss) will be evaluated
with respect to the criteria used to have the pilot designate (i.e., whether to start at
the first target detection, or to wait until a predefined number of detections are
displayed). In some cases the radar may detect a target but will not be able to lock on
to it until it is closer in range. Examples of these casss include: attempting a lock-
on from a low PRPF detection when the radar only tracks in madium PRF; when the radar
sensitivity is significantly different in detection versus tracks; or trying to lock on
to a friendly aircraft for a rendezvous after having detacted it in beacon mode.

The ability to acquire a target can aometimes be used by the operator as a discriminator
between a true target and a false alarm. The minimum acquisiti 'n range and the
fightexr/target range rate envelope (both opening and closing rates) shculd be thoroughly
investigated, especially to see if there are any effects on acquisit on capability or
initial target data filtering required to obtain a good track.

Specifications may have a requirement for the evaluation of "time to stable track."
Unfortunately, the start and stop times often have not been sufficiently defined. One
method which can be used to define the measured interval is: the time from pilot
designation on a non-maneuvering target to the time that the system achieves target
range, range rate and angle tracking accuracies within the two sigma values of the
steady-state STT accuracy requirements. This time will vary depending on the search
mode, track pattern size and antenna position (unless it is an electronic scan) at the
time of designation, as well as the radar processing time required to redetect and
confirm target presence. Time to stable track should be measured for lock-ons initiated
from detection in medium and low PRF RWS, and from VS. The operational time requirement
: for stable track is highly dependent on the accuracies needed for weapon deployment
| “first shot" under the particular circumstances of the engagement. Also, the time
; required to reach stable track may be used by the operator as a discriminator between a
; target and a false alarm.

[P

]' . The target information displayed to the pilot (such as closing velocity, target altitude
{ i or altitude differential, and aspect angle) should be assessed for usefulness in

: helping the pilot rapidly identify a target versus a false alarm, and determining if it
is a lock=on to the intended target. This can involve an assessment of what data should
be displayed to the pilot during the acquisition cycle. The questions to be explored
include a determination of what should be displayed to indicate that the system has
acknowledged the acquisition command, and that it is attempting to lock on to the
designated target. Also, the system internal “confidence level" required before the
target information is diaplayed to the pilot should be investigated to ensure it is
appropriate and not prematurely indicating a "good" track, or conversely, demanding an
excessive level of confidence for a good track. The pilot will need to know as soon as
possible whether the target track data is sufficiently settled for weapon launch (i.e.,
can he shoot?). The evaluation should be conducted such that a decision can be made
between the options of displaying target data immediately, waiting until it is “good
enocugh" to shoot, or displaying the data but inhibiting a missile launch until the data
is "good enough.”

4.4.2 Conditions and Factors for Evaluation

Manual acquisition should be evaluated under all conditions of target detection:

combinations of fighter and target altitude, aspect angle, velocity, opening and closing
i rate, radar operating frequency, clutter background, target RCS and the presence of
¢ multiple targets. Manual acquisition should not be evaluated on the same test run used
L to measure Pp since the system should normally be able to lock on before Pp reaches even
: 5¢ percent, and sufficient detection data would not be acquired. Hanuaf acquisitions
: should be attempted in the presence of ground moving targets (GMT) in order to determine
i discrimination capabilities between GMT and the airborne target of interest. Also, very
: high closure rate and multiple closely spaced targst resolution runs will be required in

order to verify the operational adequacy of the acquisition window size.

3

t Radar lock-ons should be attempted at extremely short ranges and on very large targets
: at short ranges to ansure the radar does not lock on to target returns from an antenna
; sidelobe. If that were to happen, it would likely result in antenna position errors,
! leading to a breaklock.

Since the adequacy of the manual acquisition capability is partly dependent on the
information displayed to the pilot, tests should be accomplished with at least three
1 different pilots in order to fully assess sujtability. Multiple pilots will also
] provide guidance in several areas such as determining the best lock-on criteria.
! Typical teet conditions for a/a manual acquisition testing are contained in Table S (in
uet::n 4.6.2 on tracking evaluation) since acquisition and track are normally evaluated
together.

4.5 Automatic Acquisition

Automatic acquisition capabilities, referred to as Air Combat Maneuvering (ACM) modes,
are mechanizad to have saveral different selectable scan patterns. ACM is generally
designed for shorter range (typically 18 nm or less) maneuvering automatic lock-on to
the target.

R A v N3 LIGECK. A .



4,5.1 What to Evaluate

Sowe ACN svaluations include an analysis of probability of detection. However, since
the system is mevhanized such that target detection and then lock-on occur automatically
and pgarly simulganecusly, there is no counting of detections and no Pp curve. The
analysis is really one of determining if lock—on ocours at the first opportunity (when
the target is within the fieid of view and the antenna scans across it) .or later.
However, it is possible to temporarily disable lock-on in ACM to more fully investigate
the detection capability. This is normaily done only if significant prob.ems are
encountered in ACM mode detection. Lock-on range is an important factor, although if
the system mechanisation is similar to that of normal detection and manual acquisition,
this is not usually a significant problem area since ACM is restricted to well within
the normal. manual acquisition range.  However, the radar may have a different
mechanisation for target detection or discrimination to minimize false lock-ons to
larger disorete targets such as the altitude line. If the system is equipped with an
altitude line tracker/blanker, its effectiveness should be evaluated with respect tos
proper positioning during fighter maneuvers: width sufficient to prevent altitude line
lock-on but not too great so as to cause excessive holes in mode capability; and mode

performance variances when the altitude line is positioned based on radar altimeter
versus barometric aircraft data.

The false alarm lock-on rate should be evaluated in ACM using all possible GMTR
selections, when so equipped. Time to lock-on and time to stable track are evaluated
the same a8 in manual acquisition although the scenario dynamics will be greater in the

ACM conditions. The atart time for both would normally be when the target enters the
ACN field of view.

The functional adequacy and gquantitative capability of each of the ACM scan patterns
(HUD/superseaxch, vertical, slewable and boresight) should be evaluated with respsct to
different fighter/target scenarios. The size of each pattern, the scan rate, and the
scan direction are factors in the evaluation, especially with respact to the fighter
body and the estimated direction of target movement when it enters the field-of-view
{FOV). For example, during a tight turning maneuver with the fighter in trail of the
target, the target will usually enter the HUD FOV from top to bottom. If the scan
pattern were muchaniszed to scan in horisontal bars starting from top to bottom, it could
very well end up "chasing" the targat and never locking on to it, whereas if it started

from bottom to top it would have a much higher probability of crossing the target path
and achieving a lock-on.

Airborne target lock~-on, breaklock, and reacquisition in the presence of multiple
targets must be functional'ly verified to determine if: 1) the system breaks lock when
commande3 or when the tarcet fades, 2) it then acquires the next target in range or
angle properly and timely, and 3) it allows the operator to adequately differentiate
between targets of interest using a combination of scan patterns. This also includes
determining which target the radar will acquire if more than one is within the
acquisition window (target discrimination and resolution) and the capability for the
pilot to manually switch track from one target to another.

4.5.2 Conditions and Factors for Evaluation

The ACM mode is tested using a number of combinations of maneuvering figh'.er and target.
The runs should be described and conducted so as to be repeatable, to obtain adequate
sample sizes (at least three runs of sach test condition) and to make comparisons when
changing a variable such as clutter background or frequency. Test conditions should be
conducted in a build-up fashion in terms of starting with benign target line-of-sight
(LOS) angles and rates, then increasing to high rates since that is the most critical
and most difficult for the mode. Additionally, the most affective scan patterns should
be determined for each condition. Fighter maneuvering aleo will verify the radar system
(primarily the antenna) capabilities in worst case (high g loading) conditions. This is

especially important when high scan rate antennas are coupled to modern highly
maneuverable aircraft.

Testing over several different terrains is raquired since the radar system is
automatically determining target presence, and it is highly undesirable that terrain or
clutter returns be mistaken for targets resulting in a lock-on attempt. Over water is
often the worst case, since it presents such a strong radar return, although large
discretes over land can also cause problems. One of the most demanding and thorough ACM
test situations is to have the target do a split-8 mareuver towards the ground and than
have the fighter follow it. This places the target in competition with a strong clutter
return and will also achieve angles to determine the effect of radome reflection lobes
on ACM auto acquisition. ACN modes should be tested with the airborne target in the
presence of ground moving targets tc determine if the radar will properly discriminate
and lock on to the proper return. Multiple airborne targets will be required to set up
at the same azimuth but trailing in range, or at the same range but geparated in
azimuth. Table 4 contsins typical test conditions for a/a ACM testing.

-
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TABLE & TvPICAL A/A AIR COMBAT MAMEUVERING FLIGHT TEST CONDITIONS

°SFEEBBSE{FTT' BEGIN END

ASPECT (KNOTS) (ALT) _RUN RUM

20 X 20
Scan

20 X 20
Scan

20 X 20
Scan

20 X 20
ScAN

10 X 40
Scan

10 X 40
Scan

10 X 40
Scan

BREAK LOCK
BREAK LOCK

MED ALTITUDE
SLEWABLE
Low LOS RATE

MED ALTITUDE
SLEWABLE
H1 LOS RATE

MED ALTITUDE
SULEWABLE
OPENING

MED ALTITUDE
SLEWABLE
CLosING

MED ALTITUDE
TAILCHASE
SLEWABLE

MED ALTITUDE
TAILCHASE
BORES IGHT

300

300

400

350

300

400

300

350
450
300
300
250
450

350

350

‘SPEEbEHIE%FTy- 161
GNTS)  (ALD

20K

20K

20K

1.5K
A6L

8K A6L

20K

15K

20K

25K

10K

10K

10K

10K

13K

15K

TAIL

TAIL

TAIL

TAIL

ABREAST

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

300

300

400

300

300

400

300

350

250

300

360

450

250

350

350

23K

20K

20K

500 AGL

5K

20K

15K

20K

25K

10K

10K

10K

10K

15K

15K

AR AR

AR AR

AR AR

AR AR
AR AR
AR AR

AR AR
AR AR
INM 1nm
1K FT MKFT
500' 10nm
10Nm 500’

S5NM  1000°

2000 1000°

m_--_—_..—

T6T SPLIT-S IN FRONT
oF FTR AT 3 NM SEP-
ARATION.

T6T AND FTR po 45°
BANK TURN SAME DIREC-
TiOoN, T6T SHALLOWS TO
30° ANK. FTR REVERSES

TO g se-
LECTS A AT =3 Nm
SEPARATION-

ONE NM _SEPARATION,
OFFSET, T DoEs 46
TURN, FTR DOES HIGH

6 TURN TO BRING
INTO AND THROUGH FOV.

ONE NM  SEPARATION,
OFFSET, FTR TURNS TO
puL T INTO AND

THROUGH FOV.

FTR COMES OFF PERCH,
PULLS T6T INTO AND
THROUGH FOV.

ONE NM  SEPARATION,
OFFSEY, T6T DOES 46
TURN, FTR DOES HIGH
6 TURN TO BRING T6T
INTO AND THROUSH FOV.

ONE NM SEPARATION,TGT
DOES SPLIT-S,FIR DoOES
SPLIT-S AT 60° ANGLE
OFF AND PULLS T6T IN-
TO AND THROUGH FOV.

NIiTH 3000 FT SEPARA-
TION, T6T aNDp FTR DO
SCISSOR MANEUVER-

T6T INITIATES 30°TUuRN
BARREL ROLLS AT
1 NM SEPARATION.

ACQUISITION TIME LOW
S RATE.

ACQUISITION TIME HIGH
RATE- TARGET
MAKES 2 6 "S" TURNS.

ACQUISITION TIME TAR-
GET OPENING.

ACQUISITION TIME TAR-
GET CLOSING-

SIMULATED ACM. TaAr-
8ET PERFORMS  LOOP
THEN LEVEL  TURN.

FIGHTER FOLLOWS MAK-
ING REPEATED AcCQUI~
SITIONS.

SIMULATED ACM. Tar-

GET PERFORMS SPLIT-S,
FIGHTER FOLLOWS MAK-
ING REPEATED ACQUI-
SITIONS.
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18

19

20
21

22

23
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NOTE :

MED ALTITUDE 250
PENING

RESIGHT
Medp ALTITUDE 450
CLos1Ine
BORESIGHT
Mep ALTiTuDE 300
30X20
Low LOS RATE
Hsg ALtiTupe 300
30X30
Hien LOS RATE

HED ALTITUDE 250
3020 OpenINe

MED ALTITUDE 450
30X20 CLoSsINg

Hﬁg ALTiTUDE 300
10X80
Low LOS mRATE

MHep ALTiTuDE 250
10X40 OPENING

Mep ALTITUDE 450
10X80 cLOSING

Mep ALLTiTUDE 350
10X80 wEAD-ON

Mep ALTITUDE 350
30420 TAILCHASE

10K

10K

10K

10K

10K

10K

8K

8K

8K

12K

18K

TABLE 4 (CONCLUDED)

Eg! mﬂqm 167 ‘SPEH“EIFTT BEGIN  END
CONDITION SALT) ASPECT (KMNOTS) (ALY) _RUN  RUN _ REMARKS

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

TAIL

450

250

300

360

450

250

300

450

250

350

350

10K
10K
”
8K

8K
8K

10K

10K
10K

15K

15K

ALL ALTITUDES ARE MSL UNLESS OTHERWISE NOTED.

S00’ 10nm

10nm 500°

INM  INM

2500° 2500°

2500° 10NM

10N 500°

INM  lnm

2500' 10nm

10num 2500°

SeM 1000°

Snm 1000

—— e - e —

ACQUISITION TIME TAR-
GET OPENING-

ACQUISITION TIME TAR-
GET CLOSING.

ACQUISITION TIME LOW
LOS RATE.

ACQUISITION TIME HIGH
H16H LOS RATE.

ACQUISITION TIME TAR-
GET OPENING.

ACQUISITION TIME TAR-
GET CLOSING.

ACQUISITION TINE LOW
LOS RATE-

ACQUISITION YIME TAR-
GET OPENING-

ACQUISITION TIME TAR-
GET CLOSING.

SIMULATED ACM. TARGET
MAKES LEVEL TURN,
FIGHTER FOLLOWS MAK-
ING REPEATED ACQUSI-
TIONS.

SIMULATED ACN. TARGET
PERFORMS A SPLIT-S,
FIGHTER FOLLOWNS MAK-
ING REPEATED ACQUISI-
TIONS .
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4 Txemkisa A Siasle Terget
4.6.1 Mt to Eveluate

Single target track (STT) is usually mechanised and evaluated using the same methods
wvhether antered from manual acquisition or ACNM, although the more dymamic nature of the
ACH mode test comditions will mormally produce tracking under move dynamic situatioas.
™he evaluation will determiae the redar's capibility to track an airbewme target wishin
a specitfied envelope of fighter and ta opening and cloeing velovitiss, ranges, rell
ToAes and accelerations, pitch rates accelerations, and yww rates and aceeleratione.
The percezxtage of successful tracks and the ability to maintaia trach vith ainimum
fading, breaklocks or blind sones should be verified. Track mvde acocuracies to be
determined (compariscons between the radar and reference data) incleude: target slant
EAnge, Famge rate, range vectors (X, Y and 3), veloecity vectors (X, ¥, ane 8),
acceleration vectors (X, ¥, and 8), and 108 1e. These accurscies may change (and may
be allowed %o 40 80 by the system irements) with target ramngs, 108 angle, LOS angle
rate and jeork (rate of acceleration). Also, correlation acouracy of radar track data
with on=board detected 1IFF targets should be evaluated when the fighter is so-equipped.

Moise (rapid changes) in the target tracking data will adversely affect weapons delivery
algorithas <nd displays, yet excessive dampiag of noisy track data can induce
undesirable amosnts of lag. Therefore, the track algorithms are ascessarily a
compromise and the test progrem may be required to avaluate several differeat tracking
algorithme under multiple weapoms delivery situatioms to datermine the adegquacy of each
ons. Target track noise will affect intercept steering commsnds givem to the pilot and
his capability to interpret and follow them. Alsu, for weapons delivery situetions,
such as the radar providiag target pointing information to launch an IR missile, the
displayed launch cues on the HUD could turn out to be a blur on the target eircle due to
excessively noisy track data.

In a pulse doppler look-down radar, the target will go into a doppler notch--the target
return will compete with the clutter return--during maneuvers vhich put the target in a
bean aspect. Typically, the radar will be mechanised to enter a “"coast"™ mode and
extrapolate the target track based on the last returns received. The evaluation should
measure the extrapolation errors, whether the target track data becomes less stabilized,
and vhether the radar will reacquire the target successfully wvhen it comes out of the
notch. If the radar is mechanized to track through the notch (by dynamically
determining the notch positior and width based on the fighter situation), maneuvers must
be set up to give a broad sampling of notch crossing rates to determine if any
limitations exist. Also, "coast” should be evaluated to determine if sufficient track
accuracy is maintained to still allow weapons employment, such as pointing for a radar
or infrared guided missile.

During all tracking conditions, the evaluation will also assess the value and usefulness
of track quality iadicators (if equipped), the capability to track across any ranges
where the internal processing changes (such as from long range to short range tracking
algorithms), and evaluate system extrapolation effectiveness through mode changes~--
especially in the case of a radar which is able to interleave modes.

When the radar does break lock on a target, its reacquisition capability will require
evaluation. This should assess whether the radar will reacquire the target
automatically, how long it takes to do so, and the existence of limitations such as
fighter or target velocity, range or LOS angles. The usefulness of the radar
reacquisition mechanization is especially critical in a tactical seituation wherein the
pilot may not want the radar to take the full time to attempt target reacquisition; but
rather may want to take control and force it back to a search mode if the radar can't
rapidly determine the target location and activity.

The possibility of track cransfer from one target to another is an important area to
test since, in STT, the radar is blind to all other targets. If the system becomes
confused and transfers track to a crossing target, especially if it {s not evident to
the pilot, an operational engagement could result in dire consequences. Tests should
also be run to determine if the radar will transfer track to ground clutter returns.

Evaluaticn of automatic range scale switching adequacy is normally a qualitative
determination of its usefulness based on operator comments throughout the performance
envelape. Typically, range scale switching to the next higher or lower range scale will
ocour when the tracked target reaches 95 percent or 45 percent, respectively, of the
current selected range scale.

The raid assessment mode needs to be evaluated in terms of the ability to discriminate
batween closaly spaced multiple targets, especially formations of targets of varying
sises. This includes a determination of ease of entry into RAM, the doppler resolution,
RAM processing time (the time required for multi-target indication), time required for
ar actual target count, and any sffects of RAN on other track files.

If the radar interfaces with a radar missile which requires telemetry of target data to
the missile, the accuracy of the data sent must be evaluated. The radar track
accuracies may be different from sormal S8T? since it will require periocdically
interrupting radar operation to T/M data to the missile. Conditions starting from
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beaign and progressing to higher mansuvering rates need to be u;eequohod in order to
evaluate the capability of the redar to correctly decide how much time it can afford to
spend awvay from tracking the target and still ntain a lock-en.

063  geedisicns apd Yeouors for Bvaleation

™e imitial trecking evaluwatioa should be coaducted under fairly beaign, straight and
level flight cendisices in ordar to establish a baseline accuracy. Then, eombinatinons
of Sighbes apd . spesds, Cloeing and cpeniang rates and mensuvering eonditions under
- e situations will b reguired. The trask rwn conditione must be set

and dsscrided 0 that they are controlled and repeatable since a sufficient sample
sise may regquire three or four identical ruas in order te drav any conclusions. An
instrunented target capadle of previding time-correlated mansuvering data (attitude,
velositien, and acovlerations) may be required since it is 4ifficult to get attitude
data with the required acowrsey from a ground-based reference system. Turget RCS is not
as great & fector in STT as in detection range testing, yet she extreme cases, such as a
lange tanker/bamier sime target at close range, should be tested ia order to verify the
cepabilities of the radar track automatic gain control mechanizations.

Naneuvering runs should include the fighter maneuvering both vertically and
horinoatally, asd eventually progrecs to both the fighter and target maneuvering ia a
dogfight to easure achieveasant of a variety of target ranges, LOS angles, and LOS rates.
Righ target LOS rates ocaa be in a tail chase by maneuvering the fighter to the
apposite aide of the target ‘reverse lateral separation) at a high rate, then reducing
the tall chase range separation and repeating the lateral maneuver (to achieve higher
LOS ratees). Runs should include relative velocities varyln! between positive ana
negative values and some runs should continue closing until “break-lock” occurs to
assess ainimm tracking range. The fighter should be maneuvered in pitch and roll, one
azxis at a time, to determine if the display destabilizes. As much as possible, the
mansuvering runs should be repeatadble, although precise fighter/target set up and
maneuvering is difficult.

Runs should be set up to place the target with ground clutter and ground moving targets
in the background to assess any degradation on track accuracy and if any track transfers
or breaklocks occur. Multiple airborne targets will be required to determine under what
oconditions track tranefer will occur. This can be accomplished by varying their flight
path crossover rates and angles. Several target sises are required, especially a large
target at close range, to test STT dynamic range (generally compensated for by the
automatic gain coatrol (AGC) mechanization). Varjous sized targets will also evaluate
STT in the presence of target scintillation (caused by rapid amplitude fluctuations of
target returns) and glint (which is predominant at close ranges), and will help
Qetermine if track loss occurs due to differences in target RCS. Por this reason, the
tester needs to have a capability to automatically correlate target RCS data at all
£light conditions (primarily target aspect angles) with test results. Various types of
targets, such as helicopters and propeller-driven aircraft in addition to the standard
Jat alrcraft, will also be required in order to determine the effects c< target return
l:l.gn:l modulations on STT. Table 5 contains typical test condit as for a/a STT
testing.

4.7 Detection and Track af Multiple Ta te

Two types of multipls target detection and tracking schemes are search-vwhile-track (SWT)
and track-whi® 3scan (TWS). In SWT the radar systeam has a basic single target track
capability . : .casionally interrupts (vhile maintaining the track in memory) and scans
to detect if other targets are present. This mechaniszation is less common since it has
fairly limited capabilities and is applicable primarily where radar system computer
processing is limited. The more common multiple target scheme, TWS, uses a continuous
scan while detecting, establishing track, and maintaining track files on a number of
targets simultanwously. Both SWT and TWE are evaluated in a similar manner, although
much less extensive testing is required for SWT.

4.7.1 What to Evaluate

A prime TWS evaluation criteria is the number of targets the system is capable of
displaying and tracking simultanecusly. S8ince there is a tradeoff between the number of
targets to be tracked v~ 7as the time available to cbtain and process data on each one,
depending on tk: . ~an i . »od scan volume, the effects on iracking capabilities must be
assessed. .. uxount ‘. .vailable radar system processing time is the primary limiting
factor. Ths WS eva.uation criteria will be very similar to that for single target
detection, acquisition and track: detsction and tracking envelope, false alarm rate,
time to stable track, the ability to maintain track--especially against a maneuvering

{TW8 may not be able to accommodate as much maneuvering due to less data time on
the target), weapons intevfaces (such as missile pointing commands), and correlation
with an-board detected Ii - ' 'rgets. Track accuracy requirements in TWS will generally
be less stringeat than i-» . and the probability of a successful radar missile launch
may be lower due to the 44 accurate target data. Track transfer from one target to
another wil) not be as critical since the radar is not "blingd" to other targets as in
::nqh target track, however track through the notch may not operate due to less target

ta timse.

The TWS evaluation includes detersining the maxzimum target detection range, the maximum
range at vhich a valid track file can be established, the time from initial detection to
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TasLE 5 TypicaL A/A Simere TAreET Taack FLiewt TEST ConDITIONS

—— mﬁ?“ﬁﬂ

LOOK DOWN

LOOK DOMN 300
LOOK DOWN 300
LOOK DOWN 250
LOOK DONN 300
LOOK UP 300
HI_LOS 1.5 MACH
RATE

CHECK 250
COAST

CHECK 300
BREAK

LOCK

CHECK 300
BREAK

LoCK

CHECK 300
COAST

CHECK 250
COAST

CHECK

i
HI_LOS 1.6 MACH

5K A6L
5K AGL
5K AGL

SK A6L

15K A6L

15 MSL
35K ASL

20K ASL

15K MsL

15K msL

10K msL

10K WSL

10K MSL

35 MSL

.ﬁumg

NEAD
TAIL
TASL

TAIL

L1

HEAD
HEAD

TAIL

TAIL

TAIL

TAIL

HEAD

HEAD

HEAD

250
300

350

300

250
1.5 NACH

300

300

300

300

350

350

500 AGL
500 AGL
500 A6L

500 A6L

10K MSL

30K ASL
20K nsL

20K MSL

10K MSL

10K NSL

6K MSL

6K MSL

6K MSL

~BEMARKS

IERO  KNOTS RANGE
RATE.

FTR cCLOSE OM TAR-
GET, LOCK ON, THEN
BACK OUT TO TEST
TRACKING AT NEGA-
TIVE RANGE RATE AND
BREAXLOCK

TARGET MAKE SHARP
TURN FOLLOWED BY
SPLIT-S.

TWO TARGETS WEAVE
BACK AND FORTH TO
SEE IF RADAR CONTIN
UES TRACK ON SAME
TARGET,  TRANSFERS
LOCK OR BREAKS LOCK

TWO TARGETS--1 TAR-
GET STRAIGHT  AND
LEVEL, OTHER TARGET
WEAVES BACK AND
FORTH TO CHECK
RADAR LOCK.

TARGET DOES 180°
REVERSAL TO HEAD-
ON ASPECT-

TARGET DOES A 360°
TURN

TARGET DOES HORI-
ZONTAL S~TURN WITH
ROLLOUT TO ORIGINAL
HEADING, PUTTING
TARGET IN NOTCH
MAX IMUM POSSIBLE
TINE.
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establishment of a track file, and the frequency of success in achieving and maintaining
a track on a target. Test conditions will be required to explore the tradeoff betwsen
antenna scan/target data refresh rate verses probability of target detection, since the
optinum answer is highly dependent on the sconario and target sise (such as a cruise

ssile verses a fighter or a bombar). This may mean the addition of the capability to
sake scan rate or pattern sise operator selectable depending on the situation and
desired target{s). 1If so, testing will requirs multiple targets of differing siges in
operational situations for evaluation. The update rate at which target data jia received
will also affect how long the system can go before breaking lock on a target, typically
on the order of not wore than 18 seconds.

If the T™WE mode includes the capability to automatically initiste lock-on, the lock-on
oriteria must be fully evaluated in order to assure a ainimum number of lock-ons to
undesired or false targeta. TWE track accuracy is highly dependent on correctly
correlating detections with tracks. The criteria for automatically establishing a
target track is critical, otherwise the correlation and the resulting displayed track
may be false. A falee correlation could result in the radar incorrectly asecciating a
target detection with the wrong track, or not assocliating a target detection with the
correct track, and either way develop a false and misleading track without the pilot
knowing what has oocurred. The adequacy of the correlation window size (especially if
it is aynamic, i.e., it changes based on detected target parsmeters) needs to be
determined to ses if the radar will correctly follow a maneuvering target versus
incorrectly correlating data from another target. The correlation criteria needs to
have reasonableaness limits defined for target maneuvers, such as target velocity and
turn rate, to help the system judge if it is a possible true track. The utility of the
™S mode is dependent upon operator confidence that it is tracking or extrapolating the
target track accurately.

Also to be svaluated are multiple target range, azimuth, elevation and range rate
resolution, transitions from STT to TWS and back, the capability to properly sort and
prioritize targets, and the ability of the pilot to override the system priorities. The
TWS displays should he evaluated with respect to the logic for centering, presentation
of target priorities, the usefulness of expanded scales and display adequacy for
presenting target identification and data.

If the radar is equipped with a RAM capability in TWS to determine the presence of
closely spaced targets, the evaluation should determine the time required for multi-
target indication and identification in RAM, the time required for actual target count
in RAM, and the effect of RAM on other track files.

4.7.2 Conditions and Factors for Evaluation

Test conditions in TWS will generally be similar to those for single target track with
poesibly less mansuvering involved. This includes starting with benign (straight and
level) runs to establish a baseline, and then progressing to more dynamic fighter/target
conditions, all of which must be controlled and repeatable. There will be a need for
instrumented targets and various target sizes (RCS). Dissimilar target sizes will be a
moXre strenucus test of the radar prioritization capability so that runs need to be set
up which require the system to correctly determine priorities based on the potential
threat to the fighter. Also, it is important to have look-down conditions where the
targets compete with the clutter. The multiple target formations should include a
number of combinations of target speeds, opening and closing rates, separations and
maneuvering levels sufficient to evaluate the detection, lock-on, prioritization and
tracking capabilities.

The automatic track initiation feature needs to be evaluated to determine the capability
of the TNS mode to assign target detections to the proper track files under conditions
of maneuvering targets, maneuvering fighter, and combinations of maneuvering target and
fighter. A thorough evaluation of TWS will include test conditions to fully explore the
multiple target capabilities with respect to operationally significant scenarios. The
use of multiple maneuvering targets (with the added possibility of manned and unmanned
targets), along with a maneuvering fighter, presents a significant impact on the range
control system as well ag on the area required to conduct the tests. TWS testing can
make much use of targets of opportunity and then add some dedicated targets.to wake up
the difference, especially for runs which regquire the largest number of targets.

The TNS evaluation lands itself very well to ground and lab testing since mode
performance is less dependent on the RF chain than on the radar processing capabilities.
(Not to be forgotten is that less target return signal may be available due to the
shorter dwell time and less target detections, which may result in a lower probability
of detection and less target information in TWS than in STT). The lab simulation can
give an sarly mode assessment, wvhich is especially important since it will minimize the
large amount of support (e.g., multiple targets and tracking systems) required to do the
flight test. The radar system algorithms which determine numbers of targets and threat
priorities can be thoroughly checked ocut, especially since the lab simulation can better
control target parameters than in flight. Table 6 contains typical test conditions for
a/a multiple target detection and tracking testing.
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TARLE 6 TvypicaL MuLTieLE TamreET DeTecTioN AND Tmrackine FLIenT TEsT ConDITIONS

% counrion m T L D R s

1 nxau ALT. ’ag 480 SOmm AR THS DETECTION AN
ON MANEUY - 0/-25‘ TRACK. END RUN )
N!m-on SEC. AFTER TRACK

e S

2 HieM ALT. 520 20 3 1’05 590 1X  SOmn AR REPEAT RUN

DOWN +/-25°% +/- HIGH 0s :.
&:Tn-m Noves: c& ﬁ

3 Hiew ALt. 250 20K 3 180 300 25K AR 6L  TNS ACCURACY W]TH

P LOOK +/-25° +/-§ OUT CLUTTER. -

HeADn-on GIN RUN  BEYOND

MAX 1 MUM DETECT
RANGE. Noves: 1,

» ’ »

8 Hied ALT. 250 20K 3 180 300 15K AR 6L THS Accumacy WITH
Down Loox +/-25° +/-5 CLUTTER. Besin
HeAD-On RUN  REYOND MAX-

IMUN DETECT RANGE

E?T§S: 10 21 30

S Hiew ALT. 250 20K 3 0 250 20K  10me 10MM RANGE RESOLUTION
TAIL-ON +/-25°% +/-5 ‘ SET UP TWO TAR-
GETS AT 10 mm
(Note 7). ;AREET
A swLows TO 20 FPS
OF B. Once THE
TWO TARGETS CAN
SE  DISTINGUISHED
THEN  TARGET
SPEEDS uUP TO 20
FASTER _THAN
B' NOTES: 1, 2t

, ’

6 Hien ALT. 250 20K 3 0 250 20K 1ONM AR AZIMUTH  RESOLU-
TAIL~ON +/-25° +/-§ TION- SET UP TWO
TARGETS AT 10NM
(NoTE 8) FIGHTER
ACCELERATE )
300 XNOTS. Once
TWO TARGETS CAN
BE DISTINGUISHED,
THEN FIGHTER SLOW
To 200 KNOTS
NoTes: 1, 2, 3, 6
END RUN WHEN
ONLY ONE TARGET
CAN BE DISTIN-

GUISHED
7 Hi6H ALT. 250 20K 3 180 250 22k SOwm AR TRANSITION TNWS TO
Heap oN +/-25° +/-5 STT 1o TWS. 1InI-

TIATE STY AND RE-
URN TO TWS AFTER

SEC.  REPEAT
SEVERAL TIMES»

Notes: 1, 2,
8 Hiew ALT. 250 20K 3 180 250 22K S0Mm AR TRANSITION TNWS TO
Heap own +/-25° +/-5 STT 1o TNS. INI-

TIATE STT AND RE-
TURN TO TWS AFTER
SEC. REPEAT
SEVERAL TINES .
Notes: 1, 2, 6

9 Hiew ALT- 250 200 3 . MuLTIPLE TARGETS AR AR TWS MODE LOOKING
ALL ASPECTS +/-25 AT  MULTIPLE TAR-
8ET IN ACNI RANGE

Ensgeenenr +NOTES:

’

B




—v—~ci:——vr‘t'”"

4

me“m

e —— - = - —— _

D Yot et st Pt
V£ WO W
L] - . L] . L]

6.
7.

TABLE 6 (CONCLUDED)

F‘m/ Mwmu: )

10 HieM ALT. 3 12 TARGETS
ALL AsPecTs +/-25°
11 HI1GH ALT. 250 20K 3 0 250
TalL o +/-25° +/-5
»
NOTES: 1. SPEEDS ARE KNOTS CALIBRATED AIR SPEED-
« ALTITUDES ARE MSL.
- REFERENCE DATA REQUIRED
g- TARGET WITH KNOWN RCS REQUIRED.

>—>
>—>

T

100 FT
L

>

T

2000 FT

4.

>—>

ALTITUDES ARE AGL
EXERCISE TWS EXPAND.
AR IS AS REQUIRED

« 6L IS GIMBAL LINMITS.

FTR IS FIGHTER
T6T 1S TARGET

TwO TARGETS REQUIRED.
RANGE RESOLUTION SET uP:

----2

AZIMUTH RESOLUTION SET UP:

S0Nm

20K 10mnm

BEGIN END

Rl

AR

AR

- - ——

THS DE LOOKING
AT 12 TARGETS.
UTILIZE WAVE AND
BOX  FORMATIONS.
NOTES° la 20 11

ELEVATION RESOLU-
TION. REPEAT RUN
6 EXCEPT SET UP
WITH TWO TARGETS
SEPARATED BY 2000
FT IN ELEVATION-
NOTES: 10 20 30

’

THE FOLLOWING PROFILE SHOULD BE FLOWN WITHIN REFERENCE DATA COVERAGE:

o—

“6" "S” TURNS W/45° DEPARTURES:

REFERENCE SYSTEM TRACKS AND MAINTAINS
SEPARATION-

SPEEDS ARE KNOTS GROUND SPEED-
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$  FLIGNT TRST TECHNIQUES - ADOITIONAL CONSIDEMATIONS

This section covers redar f£ii test evaluations which should be considered in addition
S0 thoee emmerated ia section 4. Coverage here is not intended to ly that these

congiderations are of any lesser isportance than those pr sodes previously covered.
Soms Of these svaluations may require additional dedicated flight test runs, however
most 40 not.

S.1 Self-Test/Built-in-Test

Self-test is usually defined as continuous, non-interruptive, automatically accomplished
testing:, whereas built-in-test is run only upon operator initiation and interrupts
normal system operation to acoomplish fault isoletion. Sslf-test/built-in-test (8T/BIT)
fuactions are frequently the last capabilities to bDe implemented during radar eystea
develophant. This then raises a question of when the ST/BIT indications are correct and
should bDe used by the testers to make flight decisions. Historically, radar aystem
development has atarted with the air-to-air modes, progressed to the air-to-ground
modes, then O8T/BIT, and finally developmeant of special bilities such as ECCM.
Puture teating, however, will likely place incressed emphasis on sarly completion of
ST/3IT development in order to better assess system reliability. Aleso, future
automatically reconfigurable systems may require a different concept in 8T/BIT, and
could even require a DT&E unique ST/BIT configuration in order to assees wvhen the radar
gracefully degrades or reconfigures. This is especially important vhen that information
would not normally be displayed to the pilot or recognized by him since the system is
still fully capable.

The three ST/BIT capabilities usually specified and evaluated are: 1) failure detection
probability--normally a high value of at least 98 percent probability of detecting and
notifying the operator of a failure, 2) false alarm rate--a low value such as 5 percent,
to minimize the occurrences of failure indications vhen a failure does not actually
exist (if the ST/BIT falee alarm rate is high, the cperator will soon disbelieve and
ignore the system), and 3) fault isolation capability--if a failure occurs, the system's
ability to isolate it to a component level such as & Line Replaceable Unit (LRU). This
may be further specified such that BIT must isolate the failure to, for example, 1 LRU
98 pexcent of the time, to within 2 LRUs 95 percent of the time, and to within 3 LRUs
188 percent of the time to allow faster repair tiwes.

Some typical radar characteristics monitored or tested by ST/BIT include: the transfer
of data, voltage standing wave ratio (VEWR), peak power, waveguide arcing, antenna
agimuth and elevation pointing errors (commanded versus actual position), and wmotor
status. Exceeding temperature limits and the presence of waveguide arcs may result in
automatic shutdown of the system. Bullt-in-Test is necessarily interruptive to the
pormal operation of the radar since it may include: checks of the transfer of data by
wrap-around tests, analyzing antenna position accuracy through the use of static
commands., conducting other specialized checks for antenna positioning, and exercising
cther system functions which could not be done while maintaining normal radar operation.
The pilot is also usually involved in BIT {such as observing specific patterns generated
on the display) in order to make an assessment of system pass or fail. Some BIT
mechanisations may include self-calibrating features such as sending a known signal to
the analog-to-digital converters and calibrating the output. Another possibility is
conducting an automatic alignment after the radar antenna has been replaced.

During a flight test program, the ST/BIT evaluation is usually based only on the
failures that happen to occur (rather than intentionally inducing failures in flight),
and is therefore treated as only an indication of what may happen in the field. The
question of how representative the flight test ST/BIT results are also occurs due to the
comparatively low number of system operating hours, and the fact that different akill
level personnel (usually the contractor field engineers) accomplish the repairs versus
the military maintenance personnel who will be used in the field. However, the resaults
from flight tests may give early information on any system weak pointa if a failure
occurs frequently, and flight testing is a wore controlled environment to check failures
induced by vibration or temperaturs. Larger sample sizes can Dbe obtained during
operational testing in the field using many systems and maintenance actions over a
periocd of many months or years, and would be the final determining factor in the
adequacy of the ST/BIT capabilities. 1If a 8T failure is indicated in flight, BIT should
be initiated (when convenient with respect to the test conditions) to attempt to further
isolate the failure and determine the validity of the 8T indication. BIT should also be
run periocdically, even when ST is not indicating s failure, in order to measure the BIT
false alarm rate (i.e., does it indicate a failure when one does not actually exist?).

The capabilities of 8T/BIT can be further determined during a flight by comparing any
reported failures with the available telematry data to see if the instrumentation system
is detecting the problem, and conversely, if the telemetry data reports a problem
without a corresponding ST/BIT failure indication. Thro ut the test program, each
LRU that is removed must be tracked to see if it really did contain a failure in order
to determine if the indicated failure was true or false, or to determine if a failure
did occur but was not indicated. This tracking system must be set up in advance of
testing and able to accommodate a quick turnaround in the data. There may also be a
test-unigue requirement for a ST/BIT capability for the radar instrumentation in order
to make Dbest and most efficient use of the limited test time available by minimizing
instrumentation aystem down time.
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Normally, testers are very reluctant to induce in-flight failures since there are many
other higher priority radar modes and features which aust be evaluated, This {is
addisional Juatification to do extensive ladoratory teats for ST/BIT evaluation since
msany failurss may never be seen during the relatively short flight test period. The
determination of §8ST/BIT specification ocompliance is normally accomplished in a
laberatory where a large number of faults are induced and the tests can be much more
controlled. Since running every combination of induced failurs and ST/BIT would be very
time consuming and expensive even in a lab environment, the conditions to be evaluated
may be randomly chosen out of the total number of tests available (such as 88 percent of
the total), and these faulta intentionally induced to determine the radar aystem's
reaction. There are eome limitations which should be coneidered when doing ST/MIT
evaluations in a lab: some inserted failures may not necesesarily be representative since
in=-flight oconditions ocan be intermittent and not a oonstant ("hard®) failure (for
sxample, those that are induced by ajircraft vibration or altitude changes), and certain
oatastrophic failures would not be inteationally induced since they could result in
damage to the system.

The implementation of ST/BIT, and ite utility in a test and an operatiocnal environment,
will evolve during the test program. The thresholds used for an individual test (such
as the VMR limit or transmitter power or temperature) used to declare test pass/fail,
plus the determination of the ST and BIT failure indication criteria (how many (N) times
that test muet fail ocut of how many (N) times the test is run) will likely have to be
varied during the course of the test program. This will be necessary to achieve the
optimua balance between false alarm rate (wvhen the thresholds are set too low and
incorrectly indicate a failure) and too low a probability of detection (when the radar
system is not operating normally but the thresholds have been set too high to detect
ic). The designers must aleso determine if there should be a delay in declaring that a
particular failure exiets, i.e., that it suat be present for a given amount of time to
not mistakenly declare a minor transient as a fault. Some ST/BIT mechanizations include
an estimate of the severity of the failure as a part of the failure report, although
this is very Aaifficult to determine in such a complex interrelated syrieun. A more
achievable goal may ba to have two severity levels: critical and non-critical.

The flight test program will need to evaluate the amount and types of radar failure
information which is displayed to the pilot. This involves determining how useful are
the indications, especially in a combat environment; and whether it gives the pilot
sufficient time, information or options to reconfigure the radar or weapons system in
order to maintain adequate combat capability. As anxious as the designers may be for
the aystem to "tell the pilot everything," the radar should display only meaningful
87/BIT data when needed and usable. For example, is the radar system now 90 degraded
that the pilot should pass tha lead to sometne elas in the formation, or depart the area
and head for home since he no longer has an effective weapon system? In addition to
what information is displayed, how it is displayed should also be evaluated. The method
of attracting the pilot's attention (such as changing colors on the display versus aural
warnings) and thes means of imparting the information (such as coded numbers versus
Englieh language statements) should be evaluated for effectiveness in operational
situations. 1£f the asystem iz mechanized to automatically switch to a redundant or
backup configuration, should the pilot be “"bothered™ with the information that the radar
now has leass resdundancy? For example, when a non-a/a detection failure occurs while in
an a/a detection mode, the pilot may want the radar to indicate systea status such as no
air-to~-ground mapping ocapability or no communications capability with an a/a missile,
and have the radar automatically reorient the a/a display so that the best use can be
made of the remaining capabilities.

The ST/BIT capability may also be set up to retain additional information to be read out
on the ground (or removed from the aircraft via a data cartridge) by maintenance
persoannel for troubleshooting and repair after the flight. Analysis of this information
is a good way to track radar performance or failure trends in order to better allocate
spares or upgrade planning. It ia often useful to include additional information on
failures, such as the environmental and flight conditions under which the failure
occurred. The adequacy and usefulness of this data must also be evaluated since the
time required by maintenance personnel for testing and fault isolation can comprise a
majority of the total maintenance time.

In many installations, the aircraft weight-on-wheels ("WOW" or "squat® switch) prevents
ground operation of the radar (such as after engine start, taxiing out or during pre-
takeoff clearance checks) so the pilot must further depend and rely on the accuracy of
ST/BIT to ensure that a fully capable system will be available in the air. This
involves a tradeoff between allowing more radar ground operation (if there is less
confidence in the ST/BIT capabilities) versus concerns for personnel safety (parsonnel
penetrating the danger sone of the operating radar) and security (unfriendly forces
detecting the radar transmissions). During the test program, BIT should always Dbe
initiated as & part of the pre-flight checks in order to gain more confidence in its

capabilities, and to use it as a flight go/no-go determination once sufficient
confidence is achieved.

Another wmeans of explaining radar ST/BIT evaluation is shown in Table 7. This is a
brief breakdown to several levels of complexity (with the least cosplex level shown as
number 1) and the corresponding limitations and advantages which can be considered
depending on the amount of available test time, equipment and funding.

ot o m—r———_

R

_— A R

e A~ -



M R e Lonsadiid. bl analh It

- e

—— -

-

b

L

e s 4 T

LEVEL

Table 7 Self-Test/Built-In-Tust lLevels

What Can Be Done what Is Required To Do It
Detailed investigation of only Manpower and expertise to determine
a few problems, with dstection all circumstances and possible causes,
or false alarm data. and detailed data investigations.
Limitations

aJ Vory limited evaluation of only highest priority areas.

b) Acsumes radar designer has little interest and program office response is
weak.

¢) Testers would not only be identifying problems but would also have
+o help in determining cause.

Determine probability of Verification of existence or non-
failure detection, false existence of failure through maintenance
alarm rate, and fault actions. Requires tracking of failure
isolation capabilities. indications and correlation with
actual failed items.
Limitations
a) Non-production configured components.
b) Lack of adegquate spares.
c) Lack of production intermediate shop equipment.
d) Small sample sizes ~ may be statistically unsound.
e) No intentional failures allowed - only in lab.
£f) Unavailability of most production technical data during test program.
g) Requires orf-site tracking of repairs (at contractor facilities).
h) Numerous configuration changes are made during development.
i) Usually results are only indicators of field performance - not
necessarily true performance.
j) May require active operator involvement (for example: display
intexrpretation) in addition to the automatic tests.
k) May require unscheduled maintenance actions (such as opening panels)
to check ST/BIT indicators for false alarms.
1) Requires running BIT for most or all ST indications ~ interrupts
normal system operation.

Same three statistical Use of data collection and tracking
evaluations as 2, but include systems on lab avionics equipment
usage of an avionics integration in addition to aircraft avionics
lab to obtain a greatly egquipment.
increased number of operating
hours.

Limitations

a) A1l of limitations in 2 above except d) and 1) still apply.
b) Requires more manpower to collect data.

Advantages
a) Greatly increased sample size.
b) BIT interruptions are acrceptable in the lab.

Same as 3, but include Scheme to statistically determine which
intentionally induced failures to induce, system designer
failures. ‘support for test planning and conduct.

Advantages

a) Truer evaluation of probability of detection capability.

b) May be able to accomplish specification svaluation in lab for
failure detection probability and fault isolation capability.

c) May also be able to accomplish determination of reconfiguration
capabilities, remaining effectiveness.

qa) go safety-of-flight concerns for failures intentionally induced
n lab.

Same as 4, but add Additional flight test time and
intentionally induced failures system modifications.
on the test aircraft.

Limitations
a) Limited test time available.
b) Safety-of-flight concerns will have to be addressed.
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Advantages
a) arcagor sample size.

b) More realistic situations.

6 True effectiveness: Requires detailed knowledge of system
severity of failure(s), M's/N's, individual component failure
assessnment of remaining tolerances and thresholds.
capabilities.

Limitations
a sarly ssible task for even system designers to determine

severity and remaining capabilities.

b) Difficult to verify, especially if there are only chance occurrences.

c) Would really require intentional failure(s) and dedicated teats of
remaining capabilities.

d)Combinations and permutations of failures verses capabilities would
be enormous.

5.2 Electromagnetic Compatibility

Radar electromagnetic compatibility (EMC) £light tests are usually functional in nature,
i.e.;, limited quantitative on-board level measurements are obtained. A primarily
qualitative evaluation is accomplished using a matrix of possible interference sources
and victims. The primary emphasis is on the radar system--both as a source of
interference and as a victim--and is intended to be a functional evaluation. An in-
depth and time consuming BMC quantitative and safety-of-flight evaluation on the entire
aircraft is usually accomplishe on the ground using a production configured, non-
instrumented aircraft. The flight test may highlight potential problem areas which the
in-depth tests will concentrate on later. Additionally, while OT&E test aircraft may
not be as heavily instrumented as those used for DT&E, OT&E tends to point out potential
EMC problem areas in an operational situation. EMC flight testing is also necessary
since it is difficult to model all the electromagnetic interference (EMI) coupling
paths which exist, and the installation in a radar lab or testbed will likely not be
representative from an EMC standpoint.

Radar EMC tests can be categorized as: internal, external, and with other aircraft.

Internal EMC is radar compatibility with all other aircraft radiating and receiving
equipment, such as radios, radar altimeters, threat warning systems, internal jamming
systems, and other antenna installations. This includes power switching transients
caused by interaction of any on-board systems with the aircraft electrical power system.

External EMC is radar compatibility with aircraft external stores that can be carried,
especially ECM pods, weapons with eleciro-explosive devices (EEDs) and other
transmitters. Blanking signals may be sent between the radar and other systems to
minimige interference. Radar performance while blanking, and ECM pod performance during
blanking, should be evaluated to determine if any degradation or loss of cvffectiveness
exists. This may include the use of a threat range to stimulate the automatic response
modes of the ECM equipment.

Evaluation of radar EMC with other aircraft is especially important if the fighter is to
be operated in formations or as part of a mixed force. This would include EMC with
similar radar-equipped aircraft, dissimilar friendly radar-equipped aircraft (especially
when that radar operates partially in the same frequency band), and ECM-equipped
friendly forces. Flight tests with other aircraft should irclude runs with both the
fighter and EMI source aircraft each in a radar detection mode; the fighter in a
detection mode and the source in track (locked on to the fighter); and the fighter in
track on another target with the source in track on the fighter. The use of the other
target in this case will check for any degradation of radar operation or sensitivity in
the presence of interference, especially since interference can desensitire the radar
without indicating this to the pilot. Test conditions should be run at several radar
frequency combinations, and include scenarios with the fighter and EMI source line
abreast, one aircraft leading the other, and head-on. While not necessarily a
duplication of combat scenarios, these test conditions should present worst-case
situations to make most effective use of limited available test time. Further
operational testing should be accomplished to evaluate radar compatibility with other
friendly fighter aircraft during a/a operations such as rformation takeoff, flight,
approach, and landing.

The range space used for EMC flight tests should be set up to minimize the possibility
of other unknown EMI sources affecting the test. However, known high power airborne
(such as an early warning aircraft) and ground-based (search radars) transmitters should
be used under controlled conditions to see if their operation affects the fighter radar.
During all flight test conditions, it would be of great benefit to have an on-board
electronic support measures (ESM) receiver which would sense the surrounding
electromagnetic environment in order to best determine any source of interference and
its location so as not to obtain misleading results. Typical EMC test conditions are
shown in Table 8.
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Several types of ground tests can he of benefit in evaluating radar EMC. Tests can be
run in an anechoic chamber, although a large chamber would be required to adequately
; obtain the far-field effects and have the entire aircraft inside it. Ground tests with
‘ the radar in a lab can be accomplished, although an elaborate mockup should be used to
i attempt simulation of the coupling effects. A lab environment is beneficial since it
can be used to check out the presence of any voltages or power spikes on a mockup, since
the avionics systems are more accessible than on the aircraft.

5.3 Electronic Counter-Countermeasures

Most modern radars incorporate extensive electronic counter-countermeasures (ECCM)
features designed to negate the effects of enemy electronic countermeasures (ECM). The
D main ECM types used are noise and deception, with less emphasis on chaff due to its
i limited effect on pulse doppler radars. The radar flight test program should include a
b determination of the capabilities of each radar mode in the presence of ECM. This should
0t be done for each mode whether or not there are specifically designed passive or active
o ECCM features in that mode. Both qualitative and quantitative performance comparisons
T should be made between ECM on and off--especially to see if there is: 1) a degradation
o in mode accuracy, 2) an effect on the radar usability, 3) loss of a mode capability
(such as loss of track while in STT), or 4) loss of the mode capability altogether.

i The description and testing of specific radar ECCM techniques is not presented in this

j volume to avoid security and proprietary issues, and to allow wider dissemination of a/a

: radar test information to more flight test personnel. In-depth testing of any one
particular ECCM technique is unique and may not apply to other radar systems. Also,
there is not universal agreement on threat specifics, and the judgement of what types of
threats will be encountared and tested varies among users. This volume presents general
radar ECCM flight test principles.

Because of security considerations and constraints, and the practical problems of
creating a realistic electromagnetic environment, testing to determine the vulnerability
tOo countermeasures is very difficult and costly. 8Since the radar system development and
acquisition cycle is relatively long with respect to changes in the ECM threat, the
characteristics of the threat can change significantly during this cycle. There is a
lot of room for judgement in identifying and defining a radar design to negate a threat

' which may be encountered several years in the future. Alsc of concern are the
f 4 difficulties of creating a realistic test environment, identifying and msasuring system
characteristics most critical to satisfactory radar performance, and deciding how to
conduct such tests.

Radar ECCM testing has typically experienced a very low priority in the hierarchy of
3 test planning. While a performance baseline in a non-ECM environment must be
‘ established and then comparisons made to radar performance in an ECM environment, ECCM
{’ testing is often deferred since it has all the potential to make the system "look bad"
by pointing out its weaknesses, and can cost a considerable amount of time and money to
accomplish. Several points need to be addressed prior to accomplishing radar ECCM
tests. A determination should be made as to what specific threat signals will be used,
‘ i.e., should the signals be limited to only those the postulated threat is assumed
capable of generating (and how much knowledge of the radar system design should be
1 assumed known by the enemy in order to have designed the threat signals), or should the
ECM techniques used for testing take into account detailed knowledge of the radar system
design? If the latter approach is selected, any system weaknesses can be found in
; advance of the enemy developing the technique. A countermeasure can then be designed
' and ready for implementation in the radar when it appears the enemy now employs that ECM
technique. This tradeofZff in what techniques and environments to use for testing needs
to be carefully made since it could have a significant impact on the amount of testing
required and the interpretation of the results. Some organizations have a “Red Team"
concept during the radar system design and test planning; this team's objective is to
simuiate the enemy and try to determine the vulnerability of the radar system in order

to strengthen the ECCM capabilities by pointing out deficiencies at an early stage.

Much radar ECCM testing can be done in a ground lab, preferably prior to flight testing. :
Since many ECCM techniques are based on radar processing rather than use of the RF i
chain, many of the algorithms can be developed and preliminarily tested using simulated
threat signals. Flight test conditions can then be set uLp to verify the results of
ground testing. The primary flight test configuration is to have the source of ECM on
the target aircraft. Secondary, although still important, test configurations are

g stand-off and escort jamming (the jammer mounted on an aircraft other than the radar
target), and a/a target detection, acquisition and tracking in a down-look situation in
3 the presence of ground-based jamming. Testing in a multiple jammer environment (the

most likely situation to be encountered operationally) is highly desired but the most
difficult to set up and accomplish. This rthould be done with multiple airborne jammers,
in the vicinity of ground-based jammers, and in the presence of friendly aircraft which
are also jamming other threats.

In order to adequately evaluate the radar ECCM features, flexible ECM systems are
required, and often involve highly advanced technology of their own to provide the many
variations of threat signals to bes used for testing. They also need to be as realistic
as possible to understand whether an ineffective ECM technique is due to the lack of
simulator realism or to a true radar deficiency. Pods have been specifically developed
to simulate radar jammers and sized to be able to be carried on fighter-type aircraft.
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TABLE 8 TYPICAL ELECTROMAGNETIC COMPATIBILITY FLIGHT TEST CONDITIONS
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SFT) _REMARKS

YERIFY RADAR EMC WITH OTHER
ON-BOARD SYSTEMS.

EMI SOURCE CHMANNELS WILL BE
VARIED. FTR IN SEARCH, EMI
SOURCE IN SEARCH.

REPEAT # 2 WITH FTR IN SEARCH,
EM] source IN TRACK ON FTR.

REPEAT # 2 WITH FTR IN TRACK
ON T6T, EMI SOURCE IN SEARCH-

REPEAT # 2 WITH FTR IN TRACK
ON F;ET. EMI SOURCE IN TRACK
ON .

EMI SOURCE CHANNELS WILL BE
vARIED, FTR 1IN SEARCH EMI
SOURCE IN SEARCH.

EMI SOURCE CHANNELS WILL BE
VARIED, FTR 1IN SEARCH, EMI
SOURCE IN SEARCH.

REPEAT # 7 wiTH FTR IN SEARCH,
EMI SOURCE IN TRACK ON FTR.

REPEAT # 7 wiITH FTR IN TRACK
ON TARGET, EMI  SOURCE IN
SEARCH -

EMI SOURCE CHANNELS WILL BE
VARIED., IN SEARCH, EMI
SOURCE IN SEARCH.

REPEAT # 10 WITH FTR IN SEARCH
EMI SOURCE IN TRACK ON R

REPEAT # 10 wiTH FTR IN TRACK
ON T6T, EMl SOURCE IN SEARCH-

RePEAT # 10 wiTH FTR IN TRACK
g?RTGT. EM] SOURCE IN TRACK ON

EM] SOURCE CHANNELS WILL BE
VARIED. FTR 1IN SEARCH, EMI
SOURCE IN SEARCH-.

EM] SOURCE CHANNELS WILL BE
VARIED, FTR 1IN SEARCH, EMI
SOURCE IN SEARCH.

REPEAT # 15 witH FTR IN SEARCH
EM]I SOURCE IN TRACK ON

REPEAT # 15 wiTH FTR IN TRACK
ON TGT, EMI SOURCE IN SEARCH.

A 1S EQUIPPED WITH SAME TYPE RADAR AS THAT UNDER TEST.

B 1S EQUIPPED WITH DIFFERENT TYPE RADAR THAN THAT UNDER TEST.
§

I

D
AR N/A N/A
AR FTR A HEAD-ON
AR FTR A ABREAST
AR FTR A TAIL-ON
AR FTR B HEAD-ON
AR FIR B ABREAST
AR FTR B TAIL-ON
IS AS REQUIRED.

S NOT APPLICABLE.

IS FIGHTER '

IS TARGET.
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These pods tie into existing aircraft wiring and may have the capability to record some
data on-board or telemeter it to the ground during flight. However, these pods are
somevhat restricted in that they usually have a limited number of signals which can be
selected in flight, and have little or no instrumentation. Also, the location of the
jamming pod on the jamming aircraft is normally constrained to one of the existing
attachment points, which may not be an optimum location for multipath and phasing of the
jamming signals. The "ideal” situation is to have a larger aircraft, with the jammer
electronices mounted internally, with controls to change all signal characteristics and
considerable instrumentation.

The reguirement for a substantial amount of instrumentation on all the jammers and the
test radar is extremely important to the success of radar ECCM testing. The exact
jammer characteristics must be known at all times and be correlatable with the radar
operation. Typically, more involved radar system instrumentation is needed for ECCM
testing than for most other modes. This allows not only a determination of what effect
the jammer has, but an extrapolation can be made of what effects other ECM techniques
might have without having to test them all in the face of time, money or sscurity
constraints. For example, if a particular ECM technique did not cause the radar to
break lock, with the proper instrumentation, it may be possible to state that it would
break lock given a slight ECM signal modification without having to then go test that
variation. The additional instrumentation may also allow extrapolation of the test
results to a more operationally realistic multiple jammer environment. This need for
increased amounts of instrumentation may result in programmable instrumentation. systems
that can bs adapted to record different radar parameters depsnding on the ECM technique
to he tested. Telemetered radar data can be quite helpful during ECCM tests (although
security considerations may severely limit its use) to allow the ground personnel to see
effects of which the pilot may not be aware. This is especially useful with a deception
technique that is impacting radar operation without the pilot's knowledge.

Innovative approaches should be used to most effectively test the radar ECCM
capabilities, and the operation of specific jamming techniques in the test environment
shouid not be limited to only its primary use. For example, a track breaking jamming
technique (normally initiated only when the victim raday is in track), could also be
tested with the victim radar in a search mode to evaluate whether it can even lock on to
the target. Simulated ECM signals could be carried on the fighter aircraft (either in a
special program in the radar or in a separate signal generator) to inject in flight for
both test and training purposes. Not to be forgotten in the evaluation is the effect of
jamming on the radar "housekeeping” functions (such as periodic end-of-bar calibrations)
which can impact operation in all modes. A helpful device to have for radar ECCM
testing is an electronic support measures (ESM) receiver, either mounted on the radar
test aircraft or in the vicinity of the test arena, to measure the signal environment.
This ESM receiver data would allow an analysis of the actual jammer transmissions
(versus what it was programmed to transmit), and the response of the radar to jamming.
It could aleso be used for isclation of any effects on the radar from other unintended
signals in the area.

The results of radar ECCM tests need to be carefully weighed to determine their
significance and how any deficiencies are to be addressed. When a jamming technique is
found to have an effect on the radar, it must be determined if that technique is a
realistic. one to expect to see in operation. Implementing a fix will also depend on its
cost versus the effect the jamming had on the radar system. Care must be taken in
evaluating ECCM test results and reaching conclusions if constraints were put on the
test conditions to achieve a certain point that may not be operationally realistic (but
that can help in the design of the radar ECCM capabilities).

5.4 Displays and Controls

The adequacy and suitability of the displays, the data displayed on the HUD, and the
controls should be evaluated during all radar tests. In addition, dedicated test time
may be needed to assess areas such as mode priorities, lighting conditions and operator
workload. Both the static (e.g., range scales, azimuth and elevation marks) and dynamic
(e.g., target symbols and target data) symbology should be evaluated for readability.
This encompasses assessment of scale sisze and placement, occlusion zones, displayed data
stability, and the suitability to the operator of the gain, brightness anad contrast
adjustments. Typically, human factors engineers will also Le involved in evaluating the
radar displays and controls.

The switchology evaluation includes the following factors: 1) accessibility of switches
and controls to the operator, 2) the availability of "hands-on" (stick and throttle)
controls, 3) the potential for inadvertent actuation of controls, and 4) control
suitability under high workload, stressful situations. Also to be tested is the
adequacy of the system mechanigzations such as: 1) the operator actions required to
change modes, 2) automatic versus manual selection of modes, range scale, scan pattern
size or direction, 3) the smoothness of transitions from mode to mode, and 4) the
direction of a control movement relative to a display function. An example of item 4)
is the radar cursor coatrol which can be mounted such that forward/reverse or sideways
movement translates into up/down or an increase/decrease in displayed cursor range.

Evaluation of the adequacy of the radar display under various lighting conditions should
include: 1) the location of the display in the cockpit, 2) the requirement for an
automatic brightness or contrast control, and if so equipped, how well it accommodates
dynamic changes in lighting, 3) flight in and out of clouds or weather, and maneuvering
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80 that varicus sun angles are in the cockpit, and 4) day versus night operations. The
night lighting evaluation should include: 1) the usability of the display brightness
eontrol, 2) the consistency of display visibility while changing modes and display
formats, and 3) visibility in a variety of outside lighting conditions (over city
lights, a runway or only darkneas).

The displays and controls assessment is partially dependent on the user of the radar

" system, i.e., will it be in a single seat aircraft where the pilot has many things to do

in addition to operating and observing the radar, or in a multiple seat aircraft with a
dedicated radar operator. It is especially important in a single seat installation to
determine what the operator really needs to ses. Sometimes the fact is overlooked in
the design process that the radar is an aid to the operator but is only one of a number
of avionics systems that requires operator attention during flight.

The increased use of multifunction displays (MFDs) provides significantly more
flexibility to display data from several sensors and usually eliminates the need for a
dedicated radar control panel. Since most radar controls are now programmed function
buttons which surround the MFD, additional user interpretation is required. An example
of this is the use of two buttons to increment display symbology up and down, versus
previously turning a knob on a control panel. The dedicated radar zontrols, such as
antenna slevation and cursor positioning knobs located on the stick or throttle, can be
programmed to be either rate or position sensitive and the evaluation should determine
which is preferred. For example, the cursor movement can be set to a constant rate and
move a distance based on the control displacement, or the rate can vary depending on the
control displacement. Regardless of the mechanization, the cursor controller
sensitivity must also be evaluated. If overly sensitive, the cursor could be
inadvertently slewed off the target during the designation process. If lacking in
sensitivity, large cursor displacements could be slowv and inaccurate to the point of
degrading operations. For the antenna tilt controller, the evaluation should include an
assessment of any dead bands (an area where movement of the control causes no antenna
tilt). If the radar uses an electronic scan with no physical antenna movement, the same
control would move the radar beam and should be evaluated similarly.

Additional considerations for the evaluation include any display enhancements which may
be included in the system. The use of color displays will greatly expand the data and
messages which can be presented to the pilot. Current displays may have warnings built
in, such as flashing the target symbol at a rapid rate in a track mode when break lock
is imminent. Sowe aspects of the display desiyn or symbology may not be finalised until
flight testing has been accomplished in order to best determine the final deasign based
on actual in-flight operation. While not a part of the radar system evaluation
criteria, the instrumentation systems need to have adequate controls and displays to be
used effectively and minimize pilot distraction from the radar test tasks.

An evaluation is also required of the radar set up and turn on procedures, and
terminology. For example, the term "radar reudy" has caused considerable confusion in
the past since it may be interpreted that the radar is warmed up, self-tested and ready
to operate immediately, or that it is still in the start-up process and will not be
usable for a period of time.

The primary method of the radar displays and controls evaluation is a qualitative
assessment made by the pilot or operator during the course of the flight test program.
Some tests can be done in a ground-based simulator, but to do so the simulator should
have an ergonomically correct layout. For all operator dependent manual operations,
more than one operator's opinion is required, and more than one operator experience
level should be used. The test planning should be constructed such that multiple
opinions will be collected for all mode and scenario combinations. There are usually no
dedicated test conditions for assessing the displays and controls, rather it is done on
a continuous basis throughout the course of the test program. The run cards should
1nc1rd; reminders to look for specific controls or displays usage during applicable test
conditions.

The main sources of evaluation data are pilot comments, video recordings of the
displays, and some aircraft avionics MUXBUS data. There are two “"schools of thought" on
the method of video recording: 1) use a cockpit mounted camera, or 2) feed the displayed
radar video signal directly to a recorder. While the direct method eliminates any
interference from cockpit light and is generally much easier to observe during playback,
the camera method does record what the operator really.sees in flight, taking into
account all the factors which affect the display readability. MUXBUS data can be used
to help in the assessment of pilot workload by analysing the operator-commanded system
changes and gystem—commanded changes under different operational scenarios.

5.5 Deqraded and Backup Modes

S8ince it is undesirable to have a modern radar system susceptible to single point
failures, degraded or back-up wodes may be a part of the design and should therefore be
testad. For example, if the Inertial Navigation System (IM8) which provides data for
radar antenna stabilisation fails, the radar could use the Head-up Display (HUD) rate
gyros as a backup. Tests should be accomplished to determine what aircraft/radar
manesuvering limitations may then be introduced, such as whether the ability to eliminate
clutter in look-down search modes has been retained or degraded. Other degraded or
backup radar modes might be due to the effects of a central computer failure on the
radar altitude line tracker and display when aircraft altitude data is lost, or the
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effects of slower system updates when the backup aircraft avionica MUXBUS controller
causes & loss of displayed data. For whatever degraded or back-up modes exist, the
evaluation should determine the remaining radar capabilities, limitations and accuracies
as compared to the full-up system in all affected modes. This evaluation may involve
Qquantitative as well as qualitative comparisons since the radar system requirements may
allowv a specific reduction in accuracy under some degraded conditions. Generally,

and backup a/a radar modes are not a safety concern, unless the radar is tied
into the aircraft flight control system to help in a/a combat situations, or when there
is an emergency override option which the pilot can use to override the radar automatic
shutdown. faatures and avoid a catastrophic system failure. The flight control interface
could be tested with careful planning to determine the operational impact, while it is
highly unlikely the override featurs would be intentionally initiated.

Prior to testing, an analysis should be accomplished to estimate the probability of
failure cecurrence which will cause the radar to revert to a degraded or backup mode in
order to deterrine the reguirements for test. If the probability for a particular
degraded mode is extremely low, and the effects are minimal, testing of that mode would
be much lower in the test plananing priority. Testing of degraded and backup modes
raquires ground lab tests prior to flight, especially in the area of verifying
interfaces with other systems on which the radar depends. An example of this system
interaction is when the radar recognigzes the INS has failed and requires a different
data word from the HUD. Whereas some degraded modes may De easy to intentionally
initiate (such as by turning off the INS), others may require system modifications
and/or additional interfaces to intentionally cause them to occur. This phase of

testing may be made much more effective by an analysis which determines the probability
of various failure modes.

Specific test conditions should be set up for types of degraded capabilities such as the
INS failed situstion where radar antenna/beam stability can be affected. These tests
include repeating tests run in normal modes (as described in section 4 of this volume)
such as look-down search modes in the vicinity of various types of clutter while
mansuvering, acquiring and tracking a target to gimbal limits, and maneuvering to check
track stabilization and auto range scale switching. Test conditions for all applicable
modes should be set up to determine the limited radar capability, and to define what
will still be operable and useful given the operational situation. In addition, failure
response actions require definitions such as continuing combat, landing as soon as
possible or returning home. The utility to the operator of each degraded or backup mode
needs to be evaluated, and a determination made if he should even be notified of system
reversion to a backup mode that still retains full radar operation. This may become
more important with the use of systems which have graceful degradation, such as multiple
phased array antennas where numerous elements may fail with no perceptible effect on
radar operation. When the situation does warrant informing the pilot, the evaluation
should determine the best way to display the information for rapid assessment of the
situation. Remaining radar capabilities should also be examined with respect to any
degradation of ECCM performance, i.e., if the system is now more vulnerable to ECM.

5.6 Alternatives for Mode Mechanizations

The radar system specification may require that the design of some system mechanizations
be finalized only after evaluating a range of alternatives during flight test. This
occurs in situations where mode analysis and ground tests alone could not adequately
define the design. Theses flight tests would use identical test conditions for all the
alternatives and compare performance to determine the best solution. Areas appropriate
for examining alternatives in flight can include: 1) ACM modes scan pattern size and
location (the FOV coverage relative to the fighter aircraft), which is dependent on
fighter versus target maneuvering capabilities and requires an in-flight assessment, 2)
the track coast time through the doppler notch (the length of time before the radar
returns to search) with respect to the extrapolation accuracy required to reacquire the
target, 3) the ACM maximum acquisition range (a tradeoff between discriminating among a
number of targets in an operational scenario versus the requirement for a close-in mode,
4) the use of coast and its time limits in TWS .ode, 5) clutter cancellation filtering
techniques which affect false alarm thresholds, 6) ground moving target rejection (GMTR)
velocity thresholds, 7) ECCM: mechanigations, and 8) mode priorities, especially during
high workload situations. Operational considerations must be taken into account to make
mechanization decisions based on how the system will be used. The flight test
conditions should be as close as possible to the predicted oparational environment, yet
repeatable in order to properly compare the alternatives. This testing may be more
appropriately termed ‘“mode optimization® since it is optimizing the mode parameters for
the intended environment.

In order to conveniently test mechanization alternatives, the radar system (in
particular the software) needs to be sufficiently flexible to easily implement changes
during the flight test program. The ideal situation is to be able to select from the
alternatives in flight (such as using on-board special controls as explained in section
7.5 of this volume) so that immediate comparisons can be made under the same test
conditions. It must be emphasized that effective configuration management must be
exercised at all times since this area of trying alternatives could easily lead to loss
of the radar system configuration knowledge or control. The instrumentation setup
should acquire data such that other techniques can be examined without having to fly
them all. PFor example, to svaluate the coast time, sufficient acquired data would
minimize the number of points required to be flown with different coast times while
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determining when the system would have broken lock. Timely feedback of the test results
is required in order to make the design changes and atill fully evaluate them within the
test program schedule.

5.7 REfects

Radomes for airborne radars are most often designed for their aerodynamic
characteristics with attendant electromagnetic considerations a secondary factor.
Padomes should bs mechanically stroag but lightweight, and have minimal attenuation,
distortion, or boresight shift effects on the radar beam. Thus, radome design for
airborne application is largely a process of compromise to achieve the deaired RF
performance. Radowes typically have specifications which require characteristics of:
high tranamission efficiency: low power reflection; small beam deflection magnitude with
good repeatability and low rate of change with angle through the radome; and low pattern
distortion. Radone losses are a function of the type and thickness of the material used
in construction and the radar operating frequency range. The flight test conditione
should ensure the radar deam is transaitted through many radome azimuth and elevation
angles to determine any possible performance effects or limitations. The manifestation
of these effects may include inducement of false alarms or tracking errors due to radome
reflections caused by: radome shape., polarization effects, ice buildup, or radome
hardware such as anti-static materials, de-icing equipment, a pitot bdoom or other
antennas. Reflections from the main beam and sidelobes can vary and are usually worst
at the antenna asimuth and elevation scan limits.

A substantial amount of ground testing for radar antenna and radome compatibility is
required on an antenna test range prior to flight. This is also the only way to verify
specifications that are written for radar performance without the radome inatalled. A
nusber of antenna/radome combinations should be run in order to obtain a representative
sample of performance limits, with subsequent flight tests designed to verify the ground
test results. In-flight antenna patterns may be run using sensitive receivers on the
ground, but are usually not required. If the radar is mounted on the aircraft in a
location where there is potential interference with the beam (such as in a wing-mounted
pod blocked by the fuselage at some angles) it will require implementation of wmasking
algorithms for operation. A mockup of the appropriate areas should be used for ground
testing, and an operational verification should be made in flight.

Some radar systems are used with different radomes in more than one type of aircraft.
If this is the case for the system under test, an in-flight side-by-side performance
comparison can be made using these different aircraft (assuming the test conditions are
set up to exclude mutual interference) to isolate suspected radome~caused anomalive. It
is particularly important that both aircraft be equipped with adequate instrumentation
systems.

Radome compensation algorithms can be designed into the radar for systems requiring the
highest degree of angular accuracy (such as gun directors). This then creates new
configuration and maintenance problems which must be addressed, and could add the
requirement that the radar LRU containing the compensations and the radome must be
changed and handled as a set! When radome compensation algorithms are implemented in
the radar, the ability to adequately compensate for radome effects should be determined
under all conditions.

The following paragraphs on radome reflection lobes are based on Reference 4. A major
source of target false alarms can be the presence of very large RCS8 discrete targets in
the antenna sidelobes and radome reflection lobes. Ruidome reflection lobes can be
produced as a result of imperfect transmission of the energy in the antenna main beam
through the radome wall. The small portion of the main beam energy not transmitted
through the radome wall is reflected and tranamitted through the opposite side of the
radome. The secondary transmission (and reception) path thus formed is typically many
decibels down from the main beam, but it is still possible to detect very large discrete
targets (RCS on the order of 100,88 square meters) via this secondary path. Main beam
clutter cancellation is not effective against these targets since they do not originate
from the area covered by the antenna main beam, rather, the reflection lobe azimuth is
generally on the opposite side of the nose from the main lobe position.

Existence of radome reflection lobes can be verified and quantified by measurements on a
radone/antenna pattern range. (Note: further information on antenna pattern
measurements can be found in AGARDograph series 308, “Determination of Antennas Patterns
and Radar Reflection Characteristics of Aircraft.”) By taking data from a series of
patterns at different antenna aximuth angles, it is possible tc coastruct a plot of
reflection lobe azimuth angle versus main beam asimuth scan angle. As long as the
alrcraft is in straight and level flight, right versus left symmetry exists allowing a
prediction of reflection lobe positions for main beam azimuth scan angles both right and
left of the aircraft nose. These predictions can thean be used to correlate with the
false alarm data from flighkt tests to verify whether the false alarms wvere caused by
large discrete targets entering the system via radome reflection lobes.

Look=-down flight tests should be conducted in an area with low backscatter coefficient
terrain on one side of the ground track and large disorete targete (such as large ships
in calm water, or large buildings or hangars in desert areas) on the other side of the
ground track. When large discrete tltg.tl are present on both sides of the flight path,
more falee alarms may be created, but it will be harder to isolate and determine if they
were caused by radoms reflection lobes. If testing does reveal significant problems Aue

BRI

BRSO e s T ot - S A
RIS RS R RN

F U, - ——nan e -




53

to reflection lobes from large discrete targets, the radar system may be modified such
that the effective ICS of these targets can be measured in flight using a radar ground
map mode and calibrated sttenuvators installed in the system.

Testing should also include rolling maneuvers which cause the antenna to illuminate many
radome locations to observe if false alarms are caused by antenna sidelobes and radome
reflection lobea. The shape of the radome (such as a circular versus non-circular
cross-section, or flat apertures) will dictate how much testing and how many angles
should be used. If the radome is symmetrical, it is unlikely any changes in false alarm
rate would result. Howsver, if it is not symmetrical, the interaction between antenna
sidelobes and differences in reflection lobe characteristics may aesubstantially change
the false alarm rate.

The f£ollowing four steps can be used for post-flight data reduction to determine if
false alarms are being generated by reflection lobes:

1) Analyse the recorded radar data (from video tape or internal radar data
recordings) to separate “"true”™ detections (detections on the target, other aircraft, or
ground moving targets at speeds above the GMTR threshold) from “false" targets.

2) Using the indicated rangs and azimuth of each "false" target and the aircraft
position data, plot the locations of each indicated “"false" target on a detailed map of
the area.

3) Using the plot of reflection lobe azimuth angle versus main beam azimuth angle,
convert the indicated azimuth of each "false" target to a reflection lobe azimuth. The
reflection lobe azximuth and the indicated range are then used along with aircraft
position data to plot a second set of “"false" target positions referred to as the
reflection lobe positions.

4) After plotting the indicated and reflection lobe positions of each “false”
target, visually inspact the map to determine the source of the target. If a number of
“"false" targets are now shown to be in the area of known large discrete reflectors, they
are likely the result of reflection lobes. Likewise, those targets that are now shown
to be in a clear area are likely returns from true targets.

5.8 Radar Processing Capability

Radar processing memory and/or speed limitations may become apparent during the design
phase or during the test program, particularly as tradeoffs are made in the system
implementation. This is especially important in this era of software-controlled radar
systems and differences in processing techniques among various radars. Typically, the
anomalies seen are more often the result of limitations in processing through-put rather
than memory. “"Swmarter" more sophisticared systems may reconfigure or reallocate
processing resources to allow a reduction in data accuracy so as not to lose tracked
targets. These systems may also have some type of “"tip-off" message to notify the pilot
of excessive computer loading. Future avionics suites may have a partitioning of
functions for all associated avionics wherein the radar computations may be done in one
of saveral computers depending on the situation. This sharing can save weight by
oli;ninating underutilized computers and will improve processing and data transfer
efficiency.

Specific flight test conditions can be set up (based on the system design and
operational considerations) to evaluate the radar under conditions of maximum
computational loading. For instance, an appropriate flight test condition may be to
have the fighter maneuvering in TNS mode, using the maximum number of targets with some
of them maneuvering, in a high clutter and ECM environment, while exercising other
system options such as telemetering data to a radar missile. A combination like this
might result in system overload manifested as a slowdown or loss of data sent to the
display and/or the rest of the weapons system. The test conditions used should be based
on knowledge of what tradeoffs may have been made in the radar design, coupled with an
operationally realistic high system workload situation. This will require the test
planners to have a good understanding of the radar design to intelligently devise the
most appropriate test conditions.

Some ground lab testing of radar processing limitations is appropriate, although it may
be much more difficult to simulate the full situational environment described above to
obtain the greatest system loading. However, the test conditions in a lab are more
repeatable, and would cost far less than the amount of time and money required to set up
the complex flight environment. To add to the realism of the lab tests, ground clutter
signals could be recorded in £light, and then played back in the lab.

In recognition of possible radar system limitations, early production runs of new radar
systems are often designed to be more easily reprogrammable (such as using electronic or
ultraviolet erasable memory chips), or to easily allow the addition of more memory to
rapidly correct problems and implement changes found necessary during the flight test

progran.
5.9 Environmental Considerations

All environmental extremes which the radar system will encounter during operation should
be incorporated as a part of the flight test program. For a highly maneuverable fighter
aircraft, high g's during maneuvers are usually the most stressful on radar antenna
movement, i.e., its ability to scan in search modes or stay pointed towards the target
in track modes. This may require instruwmenting the antenna drive system to determine if
it is approaching its performance limits in terms of slew rate, dead bands and other
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parameters. High altitudes affect primarily the pressuriszed components such as the i
antenna, transmitter and waveguide where arcing might occur under low pressure .
conditions. A climatic evaluation will normally include the use of a climatic

laboratory and deployments to representative operating locations to verify radar

operation for all potential extremes of humidity, moisture, heat and cold. This is to

observe the radar's capability to operate (both electrically and mechanically) and the

pilot's ability to operate and control the syetem, such as operating the controls while

wearing gloves. PFurther information on climatic testing can be found in AGARDograph

series 368, "Flight Testing Under Extreme Environmental Conditions.”

The electrical power and environmental control system (ECS) which interface with the
radar, can be instrumented to determine if they have sufficient capacity, are within
acceptable fluctuation limits, and provide sufficient cooling capacity. If the aircraft
is equipped with a gun (which will likely be mounted near the front of the aircraft
close to the radar), test conditions should include gunfire in flight to verify that the
radar can tolerate the vibration and acoustic environment. This is especially important
since a representative laboratory simulation of gunfire effects is extremely difficult.
Although less likely a problem, testing should also evaluate any radar effects due to
gun gas ingestion.

Rain or snow in any significant amount can degrade the performance of most a/a radars
with the level of degradation dependent on factors such as operating freguency. Most
flight testing of weather effects will be qualitative in nature since it is very hard to
“"schedule" the type of weather required, and even more difficult to exactly determine
it's composition (rainfall rates, for example) when encountered. When weather is
present, the test conditions should include operation at several radar fregquencies and
polarizations (when so equipped) using detection mode conditions similar to those
accomplished in a non-weather environment for comparison. In the future, greater radar
detaction ranges will wmake weather effects an even bigger factor since the weather
related losses (whether in terms of a percentage or decibels) will translate into more
nautical miles of detection range lost.

5.18 Interfaces With Other Avionics

Since a modern radar is highly integrated with the rest of the aircraft avionics suite,
its ability to properly interface and operate with these other systems should be a part
of the a/a radar evaluation. Testing can occur during dedicated radar tests, but will
also occur during overall aircraft navigation and weapon delivery tests after the
various subsystem tests are completed. Areas of consideration include the following
items: 1) information data rates, 2) noisy data (large jumps which may wreak havoc on
weapon delivery algorithms or displays), 3) data accuracy and timing tolerances, 4)
aircraft avionics MUXBUS capacities, 5) boresighting the radar with the INS and HUD, 6)
mode commands, 7) multifunction displays, 8) automatic mode controls, 9) gun firing and
missile pointing/guidance information, and 18) launch cues. The two prime types of 3
radar missile guidance operate differently and impose additional requirements on radar

operation. One type of guidance uses the target return to home in on the target. This

method requires the radar to maintain a continuous target track throughout the missile

intercept. The other missile guidance method relies on telemetered data from the radar
aircraft to the missile to control the missile trajectory during the initial phases

until the missile radar system takes control. For the case of a missile requiring

telemetered target data, a receiver can be mounted on the target aircraft to see if the
radar-transmitted data is accurate and correctly transmitted. If the fighter is

equipped with a jammer, the blanking signal interface with the radar needs to be '
evaluated for affects on ECM and radar system effectiveness. The use of “smarter"
jammers and radars with multiple operating frequencies puts greater emphasis on this
area of evaluation.

Even something as seemingly simple as the type of switches used (such as make-before-
break) can cause an interface incompatibility. Sometimes, different interpretations of
specifications by the contractors supplying the weapons components can also lead to
interface problems. One erample includes the requirement for target resolution--the
multifunction display must be capable of displaying the radar information sufficiently,
otherwise it does little good for the radar to be able to resolve multiple targets
without the pilot being able to cbserve it on the display.

Interfaces should be thoroughly checked in a ground integration lab before installation
in the aircraft, although there will likely be some dynamic conditions which will be
encountered for the first time in flight. Often, not all of the necessary interfacing
subsystems will be available at the same time to be used in the ground lab tests, soc
some will have to be simulated (at least those functiona which affect the radar). An
extensive lab simulation setup will be required if the aircraft contains an expert-type
system that can automatically and rapidly command radar or weapons system modes and
interfaces based on the combat situation and environment. Likewise, if an airborne
testbed is available, the interfacing avionics need to be present, or at a minimum need
to be functionally simulated.

5.11 Configuration Management

Radar system configuration management (CM) has become an sven more important factor
during a test program due to the increasing use of digital architectures with multiple
integrated data processors. This capability allows making relatively esasy and rapid
system changes which can have a major affect on radar system operation and on the
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interfacing aircraft systems as well. If the radar system configuration ia not
carefully tracked, flight test time may be wasted, invalid data collected, and flight
testing may jeopardisze the safety of the crew or aircraft. Throughout the test program,
it is imperative that strict configuration knowledge and control be maintained in order
€0 assess which radar functions are ocperable, which are valid (i.e., representative of
the “"true” production syestem operation) and the impact of any hardware or software
changes on radar capabilities. A standard set of functional check flight (sometimes
termed “"regression®) test oconditions should be devised and conducted in a ground lab and
in £light each time a significant radar system change is made. These will verify the
changes are oorrectly implsmented and also that areas not intended to be changed have,
in fact, not been affected. The functional test conditions serve as a good audit trail
to track when a problem firat occurred and in what radar/aircraft system configuration.
It is very important that the test program commit to running these functional
conditions, and that they not be passed up in the rush to achieve a program milestone.

The configuration management system should be designed and activated before first
loadiing software into the radar, especially since it is so dAifficult to catch up if
started later after changes are made. The CM system needs to be responsive enough to
rapidly accommodate changes during the flight test program (particularly if the radar is
a "brassboard” pre-production unit or if it has an on-board reprogramming capability),
and may be different from the configuration management gystem which will be used
throughout the life of the production radar. This flight test configuration management
system is not intended to circumvent good practice, dut to maintain positive control
while recognizing that frequent changes must be approved expeditiously during system
development, The CM system may include: 1) a Configuration Control Board (CCB) which
will review and approve changes prior to flight test to determine they are correct and
ready for flight, 2) a configuration and function report provided prior to flight test
which describes the new configuration, its operating changes, effects on the radar
display and controls, any operational and/or safety restrictions, a definition of which
previously reported problems the change is designed to correct, and suggestions on what
test conditions to use, and 3) a Management Information System (MIS) data base on a
computer to track the configurations and changes of the radar and all interfacing
systems. The configuration and function report defined in 2) above should include in
detail: 1) the version identification and release date, 2) the CCB date, 3) the
discrepancies fixed or software patched, 4) a deacription of the radar ladb tests
accomplished, 5) a description of the avionics integration tests accomplished, 6) a list
of previous goftware patches, 7) a list of remaining unfixed discrepancies, and 8) the
signed approval of the preparer, reviewers and appropriate test personnel. A single
focal poiat should be established within the test organization to coordinate all
configuration changes and tracking with operations, engineering and maintenance groups.

Knowledge of the extent and impact of configuration changes is especially important to
determine if previously gathered data is no longer representative of system performance,
and have therefore created the need to re-fly some or all of the conditions. This is
vhere a good understanding of the impact of each change is important to the flight test
community in order tc make informed test decisions. The flight test run cards should
include any flight restrictions resulting from the current configuration, as well as a
brief list of the configuration used for the flight. The pre-flight mission briefing
should also include a description of the configuration and its functions.

Only "released” hardware and software corfigurations should be used at any time in the
flight taest program. Released is defined as a configuration that has been: 1)
thoroughly documented, 2) checked out and tested in a radar lab, an avionics integration
lab and a flying testbed (if available), 3) provided with an explanation of the impacts
of changes on system operation and flight test conditions, and 4) functionally flight
tested. This does not preclude the use of specially modified software or hardware (such
as with alternate mechanizations, instrumentation, and data pumps), only that its
configuration is known, it is ensured to be compatible with the hardware, and it has
been thoroughly checked out prior to flight. However, it is usually necessary to
"freexe" the configuration once it has been developed in order to obtain adequate data
sample sizes from the same configuration. It is often difficult to determine when this
freexe should occur, as the development community inva: _.ly feels that the system can
alwvays be improved, even when production decisions are looming in the immediate future.

5.12 operator Knowledge

The test pilots/operators performing radar testing must be highly knowledgeable in order
to most effectively accomplish the test program. It is extremely important that they
know at least the basics of the system operation, the test goals and the expected
outcome for each of the test conditions. The flight test arena is not the place for on-
the-job training. Radar operators muat also be able to detect the presence of
anomalies, however subtle, during the flight and make decisions as to whether the
required data and conditions are being obtained. This is especially important if little
or no telemetry data is available to the test engineers on the ground during the flight.
Many flight hours and wasted sorties can be prevented by an astute operator recognising
an per tast setup, condition, radar operating anomaly or result, and recommending
appropriate action. Having a knowledgeable operator will give a better indication of
the radar's true capabilities, and minimize wasted time resolving problems which are due
to lack of operator system knowledge. There is a possible “dangsr" in having only the
most experienced test pilots for all the testa--they may be too familiar with the system
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and have skills not fully representative of the users. This is more likely to be dealt
with during OTAR wherein it may be helpful to have some less experienced plilots use the
system before the design is finalimed.

In order tO obtain the required knowledge, as well as have an influence on the system
mechanisation tradeoffs, experienced test pilots need to be involved early in the design
review and test planning phases. Training can be facilitated through the use of lad
systems and a flying testbed with which system familiarity can be obtained, since it is
always beneficial to have "hande-on" experience. However, the differences between the
test aircraft and lab/testbed environments need to be accounted for in the realiem of
the training. A ground simulator can be used as a valuable aid during the test program
tos train the pilot, show him what to look for in £light (especially after a
configuration change is made), to help define and refine teat plans, and to practice
test points prior to flight.

As a part of the preparation for flight, the pilot needs a thorough briefing by test
personnel which includes an explanation of all test points, the aircraft and avionics
systems configurations, and descriptions of any applicable radar system.modifications.
During the flight, it is isperative that the run cards be rigorously followed in order
to obtain the proper data. The radar flight test results are also highly dependent on
the pilot's comments and subjective evaluation of the system (especially with respect to
the displays and controls). After all, the radar must be usable and interpretable by
the pilot, otherwise it serves no function.

$.13 Radar Testbeds

A flying testbed aircraft can be a valuable tool in a/a radar flight test development
and evaluation. Such an arrangement allows in-flight tests to be performed with
instrumentaticn far more extensive than would be possible with the system installead in
the "production” aircraft. A testbed aircraft can be employed as a flying laboratory
and engineering development tool which gives the latitude for flight operations that are
more convenient, less hazardous, and less costly. Use of a testbed aircraft. however,
cannot satisfy all radar flight testing requirements. The performance characteristics
of all airborne systems are, to some sxtent, susceptible to the environment of the
installation. For example, the radiating characteristics of an airborne radar antenna
can be especially installation sensitive. Radar performance considerations can be
influenced by differences between the testbed and production aircraft which may include:
electrical power, cooling, electromagnetic interference, vibration, acoustics, radome
shape and configuration, acceleration, and other environmental effects.

There are tradeoffs to be made when deciding on the size and performance capabilities of
the testbed aircraft to be used. The types of radar testbeds in use range from older
fighter aircraft to large, multi-engine passenger aircraft, with each having specific
advantages and limitations. Since the production a/a radar is typically intended to be
installed in a fighter aircraft, the tradeoff in testbeds involves the use of a fighter-
cized testbed which more closely represents the performance of the production aircraft
versus a large aircraft which can hold more instrumentation and personnel. Whatever the
size chasen, the testbed should be dedicated to radar testing (at least Auring
development) in order to most effectively accomplish all the testing required.

while not a lot of statistical evidence is available, all users of radar testbeds have
indicated that the use of a testbed reduced overall development time and costs. The
development and evaluation time of a new major fighter a/a type radar may be reduced by
6 to 12 months when a radar testbed is used. The teatbed allows accomplishment of more
flights more often since it is not a new airframe. A new airframe could suffer many
developmental problems unrelated to the radar which would minimige the amount of flight
time available for radar testing. Detailed below are gsome specific uses of a radar
testbed, suggestions for implementation, and some limitations to consider.

5.13.1 Radar Testbed Uses

Installation of the radar system in a testbed is the first time the radar is exposed to
the flight environment. The testbed can be used to test the radar prior to integration
with many of the other aircraft avionics systems, and then later on with other avionics
systems that may become available for installation on the testbed aircraft. This can be
a helpful adjunct to a ground-based integration lab once the radar-only testing is
accomplished.

Use of a testbed is advantageous for a number of reasons. Since it will likely be an
“off-the-shelf" airframe, it can fly under existing or modified f£light regulations, it
has an already cleared flight envelope (as opposed to a new production fighter), it is
more sasily deployable and supportable, and it is much eagier to obtain approval to
install commercial equipment. This can include commercial test aquipment,
instrumentation systems, simulators, and early non-qualified versions of the production
automatic test equipment. The testbed may aleso have sufficient room to install radar
test stimulators (such as ECM generators) which may not be available in a production
fighter aircraft. The testbed airframe is usually less costly to fly, more
maintainable, and may carry more people than the production aircraft. The testbed can
have a dedicated radar crew while others fly the testbad airplane and cope with all the
non-radar related aspects. This is less of a factor if the testbed is an older fighter,
but then it should have at least two seats.

P

v e —————

i‘:z’-



= m— oy yeme o]

T Nanrmas o e . A e . TR

v

57

The testbed is usually large enough that radar designers and flight teet pereonnel can
£1y on it and obgerve the operation of new radar hardware and software configurations
prior to being installed in the production aircraft. Aleo, it is most helpful for them
to see in flight what the fighter pilot sees, as opposed to a less representative
playback on the ground post=flight. The testbed offers greater flexibility in
accomplishing test conditions, and may accommodate in-flight software and hardware
changes during the mission, 9iving a direct comparison of system implementations in the
sam flight enviroament. The testbed can have a large amount of radar instrumentation
to the point of gerving as a test bench where more signals can be brought out and
exanined. This is more significant for the analog signals which are generally
unavailable in the production installation. The testbed is the best system to use if
the entire radar (or a proposed modification) is in an sarly "brassboard" configuration,
i.0., is functionally the same as a production system but is packaged such that it takes
up considerably more apace.

The costs of using a radar testbed are generally substantially lower than those of the
production aircraft since more flight hours can be obtained for less money. For
example, evaluating numerous alternative mode mechanizations or configurations can take
a substantial amount of time, and a testbed can be useful to narrow them down to fewer
choices which can then be implemented in the production aircraft. The testbed can be
further used for test pilot training prior to testing in the production aircraft, as
well as training the first cadre of operacional crews for the fleet. Use of the radar
testbed should be continued even through the time period of the production aircraft test
pProgram, to use for development and problem solving of existing wmodes, and for
implementation 0f new modes a8 the Program progresses.

5.13.2 Radar Testbed Iglmnuuon

One of the most popular sizes of testbed aircraft for an a/a radar has been the
“executive jet"™ - typically twin engine, capable of carrying three or four personnel in
the cabin (instrumentation operator(s), flight test engineer(s) and radar system
operator) in addition to the cockpit flight crew, maneuverable (capable of doing a roll
and a split-S, for example), yet with enough room in the cabin and gross weight
capability for instrumentation systems. The differences between this type of testbed
and a fighter aircraft usually have minimal effect on a/a radar wmode davelopment. The
choser. testbed aircraft should be self-contained since flying in the vicinity of various
clutter and weather backgrounds may require deployments to other test facilitiss. The
aircraft needs to have sufficient electrical power, cooling and hydraulics (if
appPlicable) to service the radar and associated avionics systems in flight and on the
ground. The testbed aircraft power and ECS requirements will be substantially larger
than that of a standard passenger configuration and will likely require considerable
planning and wodification, particularly to accommodate axtended ground operations. The
testbed aircraft may need additional on-board fire warning and extinguishing gear, an
emergency power shutoftf, isolation from the testbed aircraft primary (flight safety)
powar, and oxygen supplies for the cabin personnel. The aircraft may have installed
special character and/or audio generators which can ensure that all personnel are
adeguately warned of out-of-limit conditions and emergency situations while
concentrating on accomplishing radar testing.

The testbed interior should be constructed so that it is sasily reconfigured with
moveable racks and mounting gear tO accept a variety of equipment installations. The
best approach is to construct a ground mockup of the aircraft interior to determine the
best placement of equipment and personnel. The cabin needs to have sufficient room to
install all asystems (radar LRUs, the radar controls and displays. interfacing avionics
to include weapons and electronic warfare systems, and instrumentation). This wmay
require a larger testbed airframe for highly complex and integrated avionics suites at
the expense of some maneuverability. It is helpful to also have a navigation station in
the cabin which can inform the testers of the aircraft location, scheduled activities
along the route, identify specific conditions, estimate time-to-go to geographic
locations, and help identify what type of ground clutter is currently in the radar FOV.

The use of commercial test and instrumentation equipment may have environmental
limitations, such as allowable pressure altitude, temperature, vibration, and aircraft
g's. For example, the heads on a computer disk drive can be very susceptible to loss of
data and may sustain damage from relatively low aircraft maneuvering levels. The
equipment inztallation design must eliminate electrical hasards from rack-mounted
equipment. Haszards must be avoided if personnel could inadvertently come in contact
with them while the testbhed is maneuvering, or if there are plans to remove and replace
equipment in flight. If senaitive or classified information will be gathered, an
analysis and/or test may be required to ensure no compromising emanations occur from the
result of the unique testbed installation, use of commercial equipment, the internal
communication system, or the on-board data recording and processing equipment.

The design and layout of the testbed interior should emphasize the use of good human
factors principles, especially since the testbed flight duration can be considerably
longer than that of a typical fighter sortie. The goal should be to achieve sate,
reliable and effective personnel performance. Attention should be given to acoustical
nolse, workspace, interior colors, the direction the seats are facing, illumination, and
legibility and operability of the controls and displays. The controls and displays
environment may be even more ssvere in the testbed installation due to glare, lighting,
and the greater amount of data to be presented. The displays should be designed to suit
the particular conditions under which they are going to be used, and the operator should
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be able to readily understand the presented information with minimum effort and delay.
This may require the use of antie-reflective display coatings to minimize glare for day
and night operations. Consideration should be given to display information densities,
format, and operator cues. The control and display integration (to include the radar
and instrumentation systems) should take into account direction of movement
relationships, groupinge, coding, and complexity of the task. Naintenance of the
installed systems needs to address the ease of removal and replacement of equipment from
:t‘n mountings and the requirement for, and location of, appropriate handles and handling
xtures.

While the testbed radar and avionics equipment installation need not be identical to
that in the production aircraft, the goal is to have it as close as possible. Some
radar testbeds have included installation of the production aircraft radome, antenna and
avionice compartments to provide the most representative radar configuration. It should
be emphasized that any differences between the teatbed and the production aircraft,
whether installation and/or functional, must be well known and accountable in the
analysis of results. Any testbed aircraft limitations (such as speed or
mansuverability) which can limit the applicability of the testing to the production
aireraft, should also be identified by radar mode. The testbed should have the radar
and associated avionics systems controls and displays implemented as close as possible
to the production aircraft. The testbed should have a time code correlation capability
{(either a time code generator or a time code receiver), and should have an on-board
analysis capability (such as limited analog and digital data playback) for checking of
certain parameters. This can allow limited data analysis in flight and can better
identify what data will have to be requested and processed after the flight. It will
also be helpful for the testbed to have some form of target relative position
determination capability which can be provided by asystems such as a/a TACAN or Loran.

The radar testbed can be used to inject additional simulated clutter during look-down
testing to simulate other terrain types. It could also be used with the radar in a
look-down mode to inject a synthetic target with real clutter in the background. This
could be used to help determine the radar capability against smaller targets. Also, for
S8T/BIT testing, faults could be induced in flight to help evaluate the capability of
ST/BIT to detect and isolate them. The installed instrumentation could be used to
further develop ST/BIT by providing an independent monitoring of radar system status for
comparison to ST/BIT reports.

Data from the testbed can be telemetered to the ground, or when the testbed is deployed
to remote locations could be telemetered to a portable receiving station. One aircraft
corporation has developed a capability to carry the portable telemetry receiving and
data processing station (a van) in the testbed aircraft, carrying it to whatever site is
used, and deploying it on ths ground for testing in that area. This is an excellent
idea (although it requires a larger testbed for a/a radar testing with some tradeoffs as
discussed previously) as it precludes the danger of different test ranges having
incompatible telemetry formats, provides autonomoua operation while wminimizing
scheduling conflicts, and provides an immediate source of data processing and analysis.

At its home base, the testbed could be set up with links on the ground to tie it
directly into ground-based radar test facilities. Thie can provide a more capable
integration “"laboratory," with the ground-based facility stimulating the testbed system
and recording data from it. During the use of a radar testbed, positive configuration
management is still a definite requirement. Steps should be defined for determining
when the system with its changes is ready to £1ly (such as after completing lab tests).
Configuration management is especially important in a testbed environment if changes to
the hardware or softwars are made in flight in order to make sense of the results.

The advent of more complex and integrated avionics suites can cause the radar testbed to
have to carry a greater portion of the suite in order to adequately evaluate radar only
operation. In addition, it is desirable to go beyond the minimum required for radar
operation, and include all possible interfacing avionics systems--whether simulated or
real. This may even include weapons such as an a/a missile seeker to svaluate the
pointing and data interfaces. It may be advisable to put repeater displays and some
controls in the front cockpit, to allow some operationally flavored comments from the
crevmembers, even though the installation is considerably different from the fighter
configuration. A more exotic (but more realistic) testbed could duplicate the fighter
cockpit inside and even tie it to the testbed aircraft flight control systems. This
approach must weigh the considerable installation complexity versus any additional
minimiging of technical risks.

5.13.3 Radar Testbed Limitations

Most testbed aircraft will not approach the maximum speed capability of the production
fighter. The tradeoff in testbed size may also mean a larger aircraft may provide even
less speed capability, but may offer more time on station for testing. 1In this case,
slover may be preferred. However, the doppler shift of the ground clutter return seen
by the radar, and the processing to eliminate it, will be affected by a slower testbed.
This slower speed may not adequately “stress" the radar system. Generally, the greater
number of development flights attainable with the use of a testbed vehicle far outweigh
the compromises made in speed and maneuverability.
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The ECS and electrical loadings nn the testbed may be severe (as commented on earlier)
but may also provide a representative environment relative to the production aircraft.
The EMI environment will likely be different, and could cven be worse on the testbed if
care is not taken in the planning and installation. With the use of multifunction
displays requiring interfacing aircraft avionics MUXBUS controllers, the testbed results
may not be the same as the production implementation if the testbed is set up dedicated
to only the radar. Any differences betwesn the radar data shown on the testbed versus
that in the production installation must be accounted for. It is difficult to install a
production radome on a tesstbed, although it has been done successfully in several
instances. BEven if one is installed, associated equipment such as pitot tubes/lines,

other antennas, and anti-static lines should be installed or simulated to obtain the
best production rapresentation.




6.  GROUND SIMULATION AND TEST TECHNIQUES

The primary objective of a ground simulation and test facility supporting an a/a radar
flight test program is to help ensure the flight time is more efficient and productive.
Prior to flight, the ground test capability can be used to check out proper system
operation, the effects of configuration changes and the interaction of the radar with
other avionics systems. This volume will herein refer to the radar ground simulation
and test facility as a "lab."” Use of a lab does not eliminate the need for flight
testing, but affects the planning of in-flight conditions, since £flight tests
appropriately concentrate on areas of interest or problems as discovered in the lab. 1In
this way, the lab can be very useful in planning the a/a radar flight tests. The radar
flight test engineer needs to have knowledge of the radar system design and lab test
limitations, and needs to participate in the lab tests in order to better observe and
undarstand the radar performance characteristics. Section 6 is a description of what a
lab could be used for in an a/a radar evaluation, rather than a detailed description of
how a lab is built. This section is divided into subsections to address the lab uses,
limitations, requirements, test methods, instrumentation and data requirements, data
processing and data analysis. Much of the information in the following subsections on
a/a radar ground simulation and testing is based on Reference S.

6.1 Lab Uses

The lab should simulate the flight environment to the maximum extent practical ana
stimulate the radar as if it were in flight to obtain the most realistic test results.
This can result in a significant reduction of flight hours dedicated to in-flight system
development and check out. The lab can be used to further system development,
investigate problems found during ground and in-flight testing, and to design, implement
and aevaluate fixes to those problems. Radar lab testing can be used to discover and
correct system development (especially softwars) problems, optimire system performance
prior to flight, and the results can be used to clear the system for flight. Lab tests
can be used to determine the starting points for flight test, help identify the flight
test conditions (i.e., areas to concentrate on or minimize), and obtain an indication of
how the system will perform in flight under the same test conditions. Relative radar
system performance can be obtained from lab tests and compared to operation in flight,
rather than obtaining performance with respect to specification verification
requirements. However, 1lab testing can give a good indication of how some modes
(primarily those not requiring a clutter background) will perform in f£light and
confidence that the performance requirements will be met. In-flight data can be used to
determine how representative the lab tests were for a given mode, and if statistically
valid, the 1lab results could be used to add to the data base for evaluation. These
comparisons of flight and lab simulation results should also be used to update the
simulation to make it more realistic and representative of the in-flight situation to
increase the users' confidence in its results.

The lab could actually start out with no radar hardware, only a large computer complex
to design and check out the radar software such as that for the signal processor. Once
the hardware is available, it can be added and the software then installed. This can
greatly speed up development time since the software often takes longer to develop than
the matching hardware. The lab is usually the first time the radar is connected to the
other avionics LRUs where the interfaces can be verified for compatibility. This is an
extremely important milestone to accomplish prior to flight test. The radar and
interfacing systems hardware can be functionally equivalent to the production systems,
but need not be constrained to be packaged for flight when the initial use is in the
lab, since there is much more room avajilable there than in the aircraft. Also, test
points or data access points not accessible in flight can be uged in the lab setup. The
lab can dynamically exercise the radar OFP and assess the effects of any OFP changes on
radar system performance. Radar software changes can also be evaluated for the effect
of the changes on any associated avionic systems such as the HUD, weapons computer, and
weapons systems.

The lab should be configured to play back radar data gathered in flight, and set up to
stop and analyze the events which occurred during the test condition. This requires
compatible instrumentation systems in the lab and radar test aircraft. This kind of lab
configuration can be used to change the radar system design parameters or
situation/environment parameters, and repeat the tests to observe the effects and radar
sensitivity to the changes. A prime advantage of radar lab ground simulation and test
is the ability to gather large sample sizes and test many system alternatives faster and
with less expense than flight testing. Changes can be made to the system during the run
conditions to investigate and evaluate the feasibility of alternative mechanizations,
thereby allowing the most immediate comparisons to minimize unproductive flight time.
The lab tests can be run at real-time speeds, but also should have the capability to run
forward and reverse faster and slower than in real time, as well as the capability to
"freeze" the action to read out internal data not otherwise obtainable. One possible
advantage of running the simulation at greater than normal speed is to obtain more data
faster when it does not affect the realism of the test condition.

Test costs in a radar lab are generally lower than in flight because simpler facilities
can be used without tying up expensive test aircraft and associated support equipment,
ranges and parsonnel. 8Schedules can be compressed because the lab equipment is
available at any time and is not dependent on range acheduling or target availability.
Test data are more repeatable and reliable because the test environment/situation is
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more controllable, i.e., testers are able to change one variable at a time to isolate
its effects.

There are also a number of pilot/operator/crewmember activities which can be beneficial
to the program if accomplished in a radar lab. While the radar ladb is not usually
configured as the true cockpit environment with all the surrounding visual cues, it can
be useful for a number of functions. It can be used for pilot training on radar system
operdtion, flight test engineer familiarization on system operation, and maintenance
crew orientation prior to actual aircraft flight. Pilots could use the system to
rehearse a mission prior to each flight, depending on the complexity of the test
cohditions, and ba able to see the expected outcome in order -to better dJdetermine in
flight if the radar is performing properly. While the realism of the lab cockpit layout
is not as important nor feasible for the radar tests (since these are more functionally
oriented test objectives), the radar controls and displays must be maintained in the
litest system functional configuration to match those on the aircraft. Even though the
lab cockpit may not be identical in layout, some man-machine interface evaluations of
radar displays and controls can and should be performed in the lab rather than relying
totally on flight testing. As a minimum, these evaluations could point out potential
in-flight problem areas early, or areas needing further investigation.

6.2 Lab Limitations

Air-to-air radar ground lab simulation and testing does have its limitations. It is a
static enviromment for the radar system and may have very limited (or no) simulation
capability for actual radar motion. Therefore, it would not be an adequate indicator of
radar capabilities affected by aircraft radar system movement (such as the effects of
moving clutter, shifts in the clutter spectrum based on antenna azimuth angle and/or
aircraft maneuvering, or aircraft body bending). If the radar is transmitted outside
the 1lab facility towards a real airborne target, significant data can be gathered,
however the LOS rates available will be limited since the radar system is not moving.
This will particularly limit the dynamic tracking performance evaluation. For the look-
down modes, the simulation of ground clutter and its motion is very difficult and is a
major limitation for realistic lab test results. The actual ground clutter in the radar
FOV while it is on the ground is not representative of in-flight conditions due to its
relative closeness, low grazing angle and high return signal strength which may affect
the antenna main beam and sidelobes much differently than in flight. However, the look-
up modes, when operated at a sufficiently high elevation angle, should not be
significantly affected by operation in a lab close to the ground.

It is generally not practical or possible to duplicate the aircraft radar system
environment (such as electrical power, electromagnetic, and vibration or acoustic from
gunfire) in the lab. The airborne radar environment to be encountered is even more
difficult to predict only from analysis. Trying to simulate this environment in a lab
for a new aircraft which has never flown (while the radar is being developed and readied
for flight test) is a formidable task. In order to represent the radar electromagnetic
environment in the lab, a substantial portion of the aircraft structure and wiring is
required. The electrical power environment simulation requires the loading effects of
the other aircraft systems as well as power noise and instabilities present on the real
ajrcraft. The lab radar installation may require separating some of the LRUs at
substantially greater distances than in the aircraft. For example, the transmitter and
receiver may be separated to achieve sufficient antenna height above the ground. This
separation may involve a performance degradation since the additional cable or waveguide
lengths may affect the system such as by introducing signal phasing differences.

Good representations of airborne targets are required for the lab test target
generators. Many simulations have a steady target signal in a noise background, yet
most real target returns are not actually steady signals, but rather, are fluctuating.
This fluctuation introduces a further statistical uncertainty in the in-flight detection
process which may rot be modelled in the lab. It is also difficult to model target
scintillation, glint, atmospheric propagation, and multipath reflections which occur in
flight. The target generator is further required to model the target response by
varying the target return signal amplitude as a function of target range and shift the
doppler return frequency with relative target velocity to more realistically represent a
true target. If a jamming source is used for lab tests of radar ECCM, the setup will
usually. not allow the radar to look down on the signil source, and it must be
sufficiently far away from the radar to be outside the near field of the antenna.

The limitations discussed in this section should not be interpreted as discouraging the

use of lab testing for a/a radar development and evaluation. Rather, they are intended
to highlight the areas of differences between the lab and in-flight testing which need
to be understood to assess the impact on the test results. As long as these limitations
are realized and taken into account, much use can and should be made of the lab for an
a/a radar test program.

6.3 Lab Requirements

The radar test lab facility must have the capability to: 1) provide dynamic interfacing
and stimulation of the radar hardware and software, 2) provide head-up displays, radar
and other cockpit displays, plus display an out-the-window scene for pilot refersnce and
testing, 3) interact with aircraft avionics multiplex busses such as those based on MIL-
8TD-1553B, 4) provide generic simulation models and hardware interfaces capable of
reconfiguration, 8) provide performance monitoring to evaluate both radar internal and
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aircraft avionics MUXBUS traffic, 6) avaluate man-machine interfaces, 7) provide data
reduction and analysis capabllities for test data, and 8) maintain documentation for
each radar and avionics system configuration. The interfacing avionic systems mnay
consist of actual LRUs and OFPs, may all be simulated, or may use a combination of
actual equipment and simulators.

Bquipment in a radar lab ghould include hardware (mounting racks, cables and panels) as
similar as possible to that in the aircraft. It should also include (when available)
the production radar support equipment so that its capabilities and effectiveness can be
evaluated in oconjunction with the radar testing. Whereaver practical, the actual
geonmetric relationship of aircraft components in the lab (such as cable runs and
waveguides) should be the same as in the aircraft to minimize lab induced changes. The
lab should have the same (or functionally compatible) instrumentation systems as are
installed on the radar test aircraft, so that flight data can be played back in the 1ladb
and through the lab radar system. The type of lab addressed here is not a full-up dome
type of system which includes a duplicate of the cockpit and all external visual and
aural cues. That type of fully realistic simulation lends itself more to operational
evaluations of the overall weapons system, rather than of only the a/a radar to be
covered in this volume.

An a/a radar lab should provide a simulation of the aircraft dynamics, environment and
interfacing avionics. This capability exercises the radar system through its various
modes and functions, including alternative mode mechanizations and all backup or
degraded mode configurations. Functions to be performed by the lab simulation include:

- System and simulation control, including a device to perform the functions of the
MUXBUS controller, to monitor and simulate multiple remote terminals

= A scenario generation program to allow the input of data to define modes of operation,
geometry and characteristica of target and test aircraft and to change system
parameters. Typical target information to be input includes number of targets, target
RCS, location, speed and direction

- Computation of aircraft dynamics to derive the aircraft attitude, attitude rates,
position and velocity information, simulating the £light control system in automatic
and manual operation :

- Environment simulation using standard atmospheric models, gravitational models, and
wind profiles to simulate the air data system and its sensors

- Other avionic subsystems simulations including the inertial navigation system, the
fire control computer, infrared sensors and laser ranging devices as applicable

- Weapon system simulation including the stores management system computations of safe
releage zones, alignment of missile seekers, launch initialization data and weapon
release discretes, and the weapon models to simulate missile trajectories and bomb
scoring

~ HUD simulation to provide the data and interface with the graphics system to display
the HUD data and provide an out of the window background display

- Data processing to support the compilation and analysis of the test data, including
data formatting, engineering unit conversion, and statistical analysis

The lab should provide for the transfer of data among avionic subsystems, the aircraft
avionics MUXBUS interface to the radar syst m, and a simulation of the dynamic
environment. Simulations of the other avionic subsystems (such as the INS, SMS and
weapons) can be software modules contained in the computer complex and interfaced with
the MUXBUS. The main simulation computer may host all of the software modules, control
target generation (either digital simulations or RF target generators), and also
initiate data collection as specified by the scenario. The lab should have the
capability to intermix software simulations and the actual aircraft avionic subsystems
hardware to form the lab “test aircraft". For each hardware subsystem included, the
corresponding software simulation module would be eliminated. Another very useful
capability in the lab is a scenario playback capability to control the simulation test
environment using flight test data.

The a/a radar lab installation will require a "window" (transparent to the radar
frequencies) in the building to radiate through in order to detect and track airborne
targets. The facility should have the capability to operate the radar with and without
the actual aircraft radome installed, and preferably have a good view of airborne
targets of opportunity in addition to dedicated targets. The entire radar system, the
antenna and transmitter, or just the antenna may be mounted on a moveable platform to go
in or out of the window depending on weather, reflections from surrounding materials and
security considerations. The lab should have the capability to operate the radar alone
by simulating other avionice inputs to the radar, and also operate with the other
interfacing avionics systems installed to simulate operation of the full aircraft suite.
Targets can also be simulated through the use of radio frequency (RF) or intermediate
frequency (IF) injection to provide maneuvers, target fade, multiple targets and ECM.
Actual airborne targets--with and without ECM--can be used to provide the more realistic
target return signal characteristics. If actual target aircraft are used, radio contact
between the lab, the aircraft controlling and tracking facility, and the target aircraft
is a necessity to ensure the test conditions are properly conducted. A tracking
facility needs to be able to provide target tracking reference data, such as described
in section 7 of this volume, and the lab facility should have the capability of
recelving and processing data telemetered from the target aircraft, as applicable. A
test plan should be written and approved for this type of testing just as if the radar
were in an airborne aircraft. The fact that a lot of radar development and testing can
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be done in a lab without transmitting outside can also be of benefit from a security
standpoint since it lessens the possibility of compronising signal emanations.

The radar lab should include a target generator with the capability to generate the RPF
and digital target signature data. In addition to static targets, the generator must
have the capability to simulate doppler frequencies representative of a moving target,
and to simulate the effects of ground clutter and jet engine modulation. External radar
receivers can be used to determine radar antenna beam patterns, to characterize antennas
(for example: test a sample of 18 antennas to obtain average value correction algorithms
to put in the radar system), and to indicate surrounding aireraft structure or radome
effects on the beam pattern.

The overall radar lab test facility can include wooden towers supporting remotely
controlled antennas, receivers and transmitters. Additional signal generators, analysis
equipment, power supplies and cooling could be located at the base of the towers. A
typical installation would have the test radar mounted 60 to 75 feet above ground in the
lab (or only the test radar antenna mounted that high and coupled to the remainder of
the radar system through low-loas waveguides), with the towers located anyvhere from
several hundred to thousands of feet away. The tower-mounted antennas should be ut
least as high above ground as the test radar, but preferably higher to lessen the impact
of ground reflections due to the radar horizon at longer ranges. Ground reflections can
be further reduced by installing radar absorbent material (such as in fences) on the
ground between the test radar and tower. To provide signals at multiple aszimuth angles,
rulciple towers are required at approximately the same rangas but horizontally separated.
Alternatively, multiple moveable antennas may be used to generate multiple asimuth
signals. Radar ECM/ECCM tests can be conducted using fly-over aircraft carrying ECM
egquipment, or by transmitting ECM signals from the towers--either in the presence of a
target aircraft, or in the presence of a simulated target which is also transmitted from
a tower. The tower equipment can also include an ESM receiver/analyrer (as described in
section 5.2) to determine what all the emitters are actually doing, and to sense the
surrounding electromagnetic environment. Command and data transmission lines, and RF
signal lines will be required between the towers and the radar lab to provide remote
control of emitters and analyzers, to provide coherent radar signal data for simulated
target generation, and for real-time data analysis. The remote controls for the tower-~
mounted systems should be located near those for the radar system in the lab for best
test coordination. If the radar-equipped fighter aircraft is capable of carrying its
own dJdefensive Jjammning equipment, that system (such as a pod) can also be mounted in
either the radar lab or on a tower to determine if any interference exists between it
and the test radar.

6.4 Lab Test Methods

A radar lab can and should be used (within the limitations previously discussed) for all
a/a radar modes, and can also be used to test integration of the radar with the aircraft
avionics systems if the lab is so equipped. Testing in the radar lab should be
conducted with the same test planning, scheduling, configuration management &nd
procedural disciplines as actual flight tesat. Radar lab test and flight test
methodologies and instrumentation systems should be as similar as is reasonably
possible, including both the test scenarios and test configurations. This will provide
several benefits, including: 1) the ability to better determine the correlation between
flight test and lab test data, 2) preflying flight test missions in the lab will be more
easily accomplished and more representative of in-flight system operation, 3)
duplication of flight anomalies in the lab will be more readily achieved, and 4) similar
data processing and analysis processes can be used for both lab and flight test data.

Effective testing in the lab requires carefully planned test scenarios. These scenarios
input fighter information such as aircraft altitude, way points, radar fix points, and
target information such as altitude, range, velocity, relative bearing and RCS.
Scenarios, once constructed, can be retained in the lab for future use or for
modification. Frequent use of these “canned” scenarios will aid in insuring test
repeatability, confirming satisfactory radar system operation after a configuration
change, or duplicating standard flight test profiles. Also, scenarios permit adjusting
one variable through the full range of values while holding other variables constant.
For example, target characteristics can be changed as the radar is cycled through the
automatic acquisition modes to determine what effect they have on mode performance, or
ground clutter characteristics can be varied during look-down detection runs to evaluate
effects on detection performance and false alarm rate. A matrix should be constructed
of radar grcund lab test requirements versus the scenario(s) to be used to fulfill the
requirements. The completed matrix can be used to determine the need to generate new
teat scenarios, the potential to improve teat efficiency by modifying scenarios to
accommodate more test events, and to ascertain if all ground test requirements are met.
A configuration management system, to include a comprehensive test documentation and
records maintenance system is very important to have for radar lab testing. Much of
this system can be automated but some manual elements will usually be required.
Specific functions that this system should accomplish include: 1) configuration tracking
of all hardware and gsoftware (software configuration tracking will include operating
systems, application software and support utilities), 2) maintenance of a library of
test documentation including +test methods, support hardware and software, test
procedures and test results, and 3) provide a comprehensive test data audit trail, e.g.,
test item configuration, test scenario used, test environment simulations, systenm
stimuli, and test results.

St RY eadtl d
MR . % iy ’; b iﬁnu..;“




TN

I f e~ = - ey - e
- v , - " hatt
e —— —

64

Several methods of radar stimulation in the lab can be used. These can be used to play
back situations encountered in flight (at real~time and slow motion apeeds), and to
develop new capabilities. Methods may include use of RF target horns to feed signals to
the radar antenna, RF gsignal injection into the radar receiver, IF signal injection to
the radar signal processor, digital signal simulation to the radar signal processor, or
signal radiation to real airborne targets. Airborne targets may be either targets of
opportunity or scheduled fly-by targets. The signmal injection methods involve
generating a signal with characteristics as similar as posesible to those returned by a
true target, in addition to simulated clutter returns and/or simulated and actual ECM.
The type of signal used at any one time (RF, IF or digital) is usually not mixed with
another due to the possibility of inducing signal timing and amplitude anomalies.

The most direct method to perform an end-to-end lab test of the radar is to feed an RF
signal to the radar antenna and observe the processing and display of that target. This
ean be done using an RF horn positioned in front of the radar antenna. This horn is
coanected to a signal generator by a waveguide. The signal generator can receive
tranamitted radar pulses and ocutput a similar signal which has RP content altered to
provide the desired target characteristics (range, range rate, acceleration). The
target signal dynamic characteristics can be controlled by manual settings or by
computer control. Multiple targets can be generated by the use of multiple horns (and
multiple signal generator outputs) or by generating additional targets in range.
Clutter, noise, or ECM effacts can also be simulated by dedicating one or more horns to
these conditions or by combining these signals with the target signal. Angular motion
can be simulated by physically moving the RF horn. Several advantages to the use of
horns include:

- Detection, acquisition, and tracking functions can be tested end-to-end (from antenna
to display)

- ECN and clutter signals can be generated using actual ECM transmitters and RF clutter
generators respectively

- Test support equipment can be obtained relatively easily because the technique is
widely used :

- Angular discrimination of multiple targets can be evaluated using moveable horns

Use of an RF horn for a/a radar lab testing does have some limitations, such as:

- Horns are generally stationary, therefore the azimuth and elevation to the “target"”
are constant although the ranges and range rate are dynamic. Physical movement of the
horns only provides a limited angular change

- Generation of multiple targets requires multiple horns or a complex switching
capability

-~ A substantial amount of hardware and wiring are required

- Use of actual ECM transmitters for more sophisticated ECM techniques will introduce
additional timing constraints

- The radar is at a fixed, low altitude and therefore problems with ground clutter and
multipath returns will usually be apparent at certain slevation anglaes

Radio frequency signals can also be injected into the radar receiver. This technique is
similar to the use of RF horns except that the antenna is bypassed and the waveguide and
horn support structures are not needed. Computer control of the signal generator can
simulate a relatively complex RFF environment. Advantages of this method include:

- Detection, acquisition, and tracking functions can be tested end-to-end eoxcept for the
antenna

~ Dynamic target characteristics can be simulated relatively easily

- ECM and clutter signale can be combined with target signals prior to injection

- Test support equipment can bs obtained relatively easily because the technique is
widely used

= Multiple targets can be generated

Limitations of RF signal injection into the radar receiver include:

- Antenna functions are not checked

- Generation of a full range of dynamic target characteristics, particularly
maneuverability, requires complex computer control )

~ A substantial amount of generation hardware is required for complex RF environments
(such as multiple dynamic targets and clutter)

Intermediate frequency signals can be injected between the radar receiver and the signal
processor (although another LRU is bypassed and the test is less than a complete system
end-to-end tast). This technique is advantageous since it can be used with real data
collected from flight which is recorded at IF. Data of thia type then includes actual
ground clutter returns. However, limitations of this technique include:

- Wo testing of the radar RF section is achieved

= The recorded signals are spscific radar system, altitude, aspect and terrain unique.
Therefore, recordings for the radar system under test must be made in-flight prior to
being able to accomplish the lab test

- Data fidelity is limited by the capabilities of the on-board instrumentation system
used to record the data .

- The IF injection point may not be readily accessible

= The ability to inject ECM signals is uncertain
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Digital simulations. of targets, oclutter, and ECM can be computer generated and
imtroduced at the radar signal processor. This method of stimulation provides the
greatest latitude for dynamic testing in the ground environment because thers are no
physical restrictions. Although the RF and analog sections of the radar are bypassed,
digital signals can be used to test one of the most complex portions of the radar--the
digitol wsection. The major limitation to digital simulations is the 1less direct
applicabllity of data to the real world. Advantages to digital simulation and injection
include: . -

« Thorough testing of changes made in the radar digital sections (usually the most
£frequently changed radar area)

= The technique is in general use

= Nultiple, maneuvering targets can be generated much easier than by using soms of the
other methods

Limitations to the use of digital simulation include:

- Each radar system simulation is sufficiently different that the simulation may not be
applicable to another gituation

- The RF and analog sections of the radar system are not tested

- Digital simulation of sophisticated ECN capabilities combined with clutter and
~multiple targets is a highly complex task

= Clutter and ECM characteristics may be limited to relatively simplistic models due to
simulation computer capacity limitations

The use of actual airborne targets, eithar targets of opportunity or scheduled f£ly-by
aircraft, presents several advantages:

~ ECM systems can be carried on-board the target aircraft and operated against the radar

= Actual aircraft and ECM systems provide the most realiastic target and ECM
representations :

- End~to-end testing of detection, acquisition, and tracking functions is achieved

Limitations to the use of real airborne targets include:

- Clutter is not introduced into the test since testing is limited to look-up geometry
due to possible interference or multipath returns for the ground

- Target aircraft position, rates, and maneuvers are less precise than simulations and
not as easily repeated. Targets of opportunity are uncontrolled

- Relative maneuverability, such as is needed in ACM modes, cannot be achieved.
{Maneuvering of the target aircraft is necessarily limited, and the radar is
stationary)

- Flight time, particularly for multiple scheduled targets, is costly

=~ TSPI systems will be needed to gather reference system data for the aircraft

6.5 Lab Instrumentation and Data -

A substantial amount of instrumentation will be reguired to support the a/a radar lab,
and it should have considerable commonality with the airborne flight test
instrumentation systems. The lab can alsc be used to perform a thorough checkout of the
airborne instrumentation systeme prior to flight. The determination of whether to use
identical instrumentation systems for lab and flight tests can involve cost tradeoffs,
but does result in overall savings since the gsame radar data analysis tools can then be
used for both. For each a/a radar test or mission conducted in the lab, the capability
should exist to record the entire aircraft avionics MUXBUS, internal radar data, TSPI
data (or accept externally recorded TSPI data), simulator generated data, video display
datz, environment data such as ECM signals, and weapon interface signals. These data
will be used for radar development, troubleshooting and performance evaluation.

Two data handling capabilities are required: real-time monitor capability and post
mission analysis capability. The real-time monitor capability can allow considerable
time savings in the areas of: initial operational checkout of the baseline 1lab
configuration, initial checkout of the system with the radar inetalled, verification of
mission secenarios, and wonitoring of selected test data during actual testing. Real~
time monitoring should include the capability to obtain aud display some data (such as
selected MUXBUS words) in engineering units. The post mission analysis capability can
allow the quick reaction checkout of parameter time histories and the production of
report quality plots. This interactive capability would include the generation of
titles, legends, grids., grid marking, legends and comments for single or multiple plots.
The MUXBUB carries most of the signals needed to evaluate overall radar performance in
acquisition and track. However, when the radar is in search modes, the MUXBUS does not
contain all the data needed to determine radar detection performance, and additional
video or internal data is required. Similarly, for automatic acquisition, the radar
display is bDlank before tracking begins, and not all the necessary data is on the
MUXBUS . Consequently, internal radar data must be obtained to supplement the MIXBUS
data. Internal radar data are needed to augment data available from the NMUXBUS or radar
display and to provide a more detailed examination of the radar design. These signals
are used to assist in performing troubleshooting within the radar and for performancs
evaluation. Internal radar data can be used to evaluate data proceasing techniques
associated with target and clutter signals, threshold settings, Yast Fourisr Transforms
(i’ﬂ‘)i Kalman filtering, Constant Palse Alarm Rate (CFAR) settings, and various other
algorithms.
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Test environment data is the test environment (both simulated and real) seen by the
radar under test. This data inciudes all the simulations used, the signals generated,
and TSPI data. These test environment data are compared to the radar data to deteraine
radar performance. Before the comparisons are made, the necessary coordinate
transformations, time correlation and data processing must be performed to make the
values comparable. There ars two reference systems which may be used depending on the
types of tests conducted. If actual airborae targets ars used, the range TSPI system
would serve as the reference system and coordinate transformations made using the
location of the radar antenna with respect to the lab. If RF target generators or
digital target simulations are used, the test eanvironment and the radar system under
test will use the same coordinate system defined by the simulation support computers and
direct comparisons can be mades.

6.6 Lab Data Procesaing

Radar and support systams data outputs can be categorized as real-time, near real-time,
and post mission. Near real-time outputs are those that have gone through some data
processing, usually conversion to engineering units, and are delayed from real time by
generally not more than one to two seconds. The most useful real-time display of data
is in engineering units. This almost always requires the conversion of output signals
by use of high~speed computers and applicable calibrations and mathematical equations.
These data can be output on CRT A@isplays to produce multiple listings of selected
parameters, time history plots, and cross plots of two parameters for a desired time
period or event. The data system should be designed to provide versatility of data
presontations, be interactive so that changes can bs made rapidly, and have time
correlation and hard copy capabilities. Also, recording all data in engineering units
will reduce the post mission data processing requirements.

Display and recording of the radar display is required. Multiple repeater displays
should be located away from the cockpit display to avoid crowding. Video recording and
playback equipment should be compatible with the flight test equipment. The ability to
add digital data (environmental and additional radar parameters) to the video repeater
displays and recordings will greatly enhance real-time monitoring and data analysis.
Non-engineering unit radar data display can be done as a back-up in the lab using analog
strip charts. This requires digital-to-analog conversion of much of the data. When
actual ajirborne targets are used with TSPI tracking, a repeater plotter should be
located in the lab, with processing to provide the target data relative to the lad
location. The plotter can also be used to plot the computer-generated tracks of the lab
radar aircraft and targets during full simulation modes.

CRT displays of radar lab test data should be produced in near real time to aid the
radar test engineers in test monitoring and preliminary analysis. These displays should
be relatively uncluttered and should incorporate a means of highlighting out of limits
performance. A two~level set of Aisplays can be beneficial for the monitoring and
flagging activity. The first level would be a series of time-tagged numerical values
(in engineering units) of selected radar parameters and the error associated with each.
Out of limits error magnitudes could be highlighted by several means (such as white
background, using other colors or flashing alphanumeric characters). The second level
set of displays would be selectable from the first level and would show a graphic
representation of a single parameter shown in the first level display. Typically, the
second level display would be a parameter that is out of tolerance or exceeds some
preselected threshold value. The display should have a visual depiction of established
thresholds or boundaries and should show present performance in relation to these
boundaries. A series of special characters could show the most recent data and a
blinking cursor could show the present error value. Second level displays should be
selectable from the first level by a single key stroke and the first level heading
should include prompts of the correct control key by parameter. Similarly, the second
level display should include the key board entry to return to the first level. Also a
message should be displaved on the second level display if an additional parameter
should go out of tolerance vhile a eecond level display is being displayed. This would
prompt the engineer or analyst to consider returning to the first level display. Bach
level of display should incorporate features which would allow the engineer to annotate
the data for detailed post-mission analysis. Also, the capability to make a hard-copy
print of any particular display should be incorporated. This would make selected data
available for immediate post mission review.

6.7 Lab Data Analysis

The basic data analysis method common to all the radar test methodologies is to compare
data from the radar with that obtained from a reference system and determine the
differences. Data analysis of a/a radar lab tests should be quite eimilar to the
analysis of flight test data. The same parameters should be evaluated, and the test
scenarios should be much the same. The analysis procedures should be essentially the
same and presentation of results should follow the same format. This will also allow
comparisons of flight test and lab test results so that conaistencies and differences
can be identified, in order to determine the validity of the lab results and to update
the simulation as required.

Both real time test data monitoring and pos: test review of data can be accomplished.
The main sources of this data are tho video recordings of the radar display, CRT
displays and strip charts. A video display board can b= used which is capable of
supsrimposing alphanumeric characters and various graphics displays over the image of
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the radar displey without interfering with displayed radar data. Thie allows the radar
display and most of the real-time data to be placed on the same display. The normal
data displayed could include all radar set control switch positions, AGC levels, digital
readouts of angles and ranges, and environment cues. The independent target tracking
position can be displayed as a box at the correct position on the radar diaplay for sase
of target identification and analysis. T3PI of sultiple targets may be displayed in the
same manner. The symbology geaerated by the instrumentation should be easily changeable
and Aifferent sets of symbology Xkept on disk for different mission types. The radar
display and instrumentation symbology should be recorded on video tape for post mission,
frame-by=-frame analysis, if needed.

7. INSTRUMEBWTATION AND DATA

A high degree of sophisticated in-flight instrumentation is required in order to
properly evaluate the performance of an a/a radar system. The primary types include
recording of video displays., recording of internal radar data and the interfaces with
other avionics, operator comments, telemetry, on-board special controls and reference
data. The radar test aircraft may not be the only one tO be instrumented--the targets
mAY need to be, as well as jamming aircraft, radar missiles, ground-based jammers and
reference ranges. sutficient data is required to develop and evaluate the radar
performance, and determine whether or not the test objectives were met. Adequate data
is required in a timely manner in order to determine if the next test condition (either
during the same flight or for the next flight) should be accomplished. The data
reduction and analysis achemes may very well drive the design and implementation of the
instrumentation systems, especially for the recording of the radar internal and external
interfaces. Standardized recording methods should be implemented s0 the many users can
easily use the same data, especially when a/a radar tests include multiple ranges,
targets and jammers. Time correlation amongst all the sources must be ensured,
typically within 18 milliseconde for high accuracy radar tests such as target tracking.

The placement of on-board instrumentation systems in modern-day fighters is getting more
difficult due to the limited “"real-estate” available with the incorporation of so many
aircratt and avionice systems. It often requires removal of systems which are not as
critical to the radar evaluation, such as fuel tanks and other unrelated systems, or the
addition of external pods to house the instrumentation systems. Care should be taken to
ensure the aircraft instrumentation modifications do not affect the radar operating
environment (such as equipment removal which changes the cooling or electrical power
available to the radar) or the aircraft operating envelops needed for radar testing
(such as an external pod restricting aircraf: maneuvering). Also, any changes made to
the radar system for instrumentation purposes which will not appear in production (such
as including a digital readout of antenna tilt angle on th2a display) must be made so as
not to affect the system evaluation.

A “"shakedown” of the entire aircraft instrumentation and data processing capability--
both on the ground and in flight--ghould be accomplished well before any radar flights
requiring its use. This shakedown includes determining if the instrumentation systom
will properly record the data under all aircraft flight conditions, ensuring the
compatibility of the recording and processing systems such that data will run through
the reduction and analysis programs, and validating that reasonable data products are
received. Some data from laboratory testing can be used to check out the data
processing flow, as long as it is compatible. This checkout may also help to sort out
and eliminate any non-useful parameters.

The advent of 30 many more radar modes, coupled with the increases in data available
(both internal to the radar and with external interfaces) and rapid changes in systenm
configuration and test conditions, has regquired the development of programmable
instrumentation systems that are easily changeable prior to flight and even in flight.
These systems have the capability to pre-define a set of parameters to be recorded for
an event (such as a test condition for one mode), and then select a different set of
parampeters to be recorded for the next mode test condition. Typical characteristics are
to have from three to eight different selectable sets available during a flight. wWhile
a/a radar system testing alone may not require all of them, the realities of many test
programs forces the sharing of aircraft assets with concurrent testing of other aircraft
and avionice systems. Even though increases in instrumentation capabilities allow
substantial increases in the amount of data available, it should be noted that it can
become sasier to over-specify data requirements, thereby cbtaining much never-used data
at considerable expense. Sometimes data requirsments are specified on a “"vhat if"
basis, i.e., it would be nice to have only if the unexpected occurs. Obtaining this
much data can quickly overtax the data reduction and processing systems, as well as the
radar analysis team's capability to analysze it. Further information on aircraft flight
test instrumentation can be found in AGARDograph series 168, “Flight Test
Instrumentation.”

7.1 Video

Recording of the aircraft radar display is required for all teat conditions and i»s
normally done using a video tape recorder. This allows a quick-look postflight
evaluation and can be a prime source of radar data. The preferred mathod is to tap off
the video signal going to the display--especially if it is in a standard format which
can be recorded directly. 8ome installations use a video camera (with a beam splitter
to allow the pilot to still view the display) when a directly recordable signal is not
available. The least preferred method is an over-the-shoulder mounted video camera




which may provide a poorer recorded image but is still better than no recording at all.
T™he main advantage of using a camera is that it will record what the pilot actually saw,
tnclu:lng the effects of brightnesa and contrast settings, cockpit lighting, glare and
parallax.

A helpful feature for shorter range radar evaluations (generally for airborne targets
within five.nm) is video recording through the HUD which has the symbology superimposed
on the outside scene. The HUD displays a target symbol superimposed over the target
being tracked by the radar, as well as on aircraft parameters such as altitude,
airspeed, heading and attitude. Video recording of the HUD requires a camera with a
wide dynamic light range to accommodate the large extent of exterior brightness levels
encountered, especially the rapid changes that can occur during maneuvering flight.
Experience has shown that the HUD symbology must be adjusted brighter than normal in
order to adeguately show up in the video recording against the exterior background. The
preferred method of HUD video recording is to record the radar display and HUD together.
This allows the poatflight evaluators to observe both the exterior background and
airborne target through the HUD, and directly compare it with the radar performance as
obsexrved on the radar display. Two most common methods for this combined recording use:
1) recording of interleaved HUD and radar display video framea and then separating them
during playback on the ground to separate screens, and 2) split screen with one half for
the radar display and the other for the HUD simultaneocusly. The interleaving method can
induce some flicker on playback since the video update rate is cut in half, but may be
preferable to split-screen since interleaving presents a larger view of each diasplay.
The on-board system should have the capability for the operator to select recording of
the radar display only, the HUD only, or both.

Audio and time tracks are required on the video recording for pilot comments and time
corrslation with other data sources. Additional aircraft and radar data can be included
in data blocks on the display or embedded in the non-viewable video lines. Data blocks
on the display can obscure radar information, but have the advantage over the embedded
approach in that the blocks will still be viewable if the video is put in slow motion or
pause, whereas the decoder for stripping off embedded data or time code information may
not operate at other than full-speed playback. Any time delays, such as between radar
internal processing and actually displaying the information, need to be understood and
must be accounted for when merging data streams. Some of the displayed data added for
radar testing may be found to be operationally useful (such as the minimum and maximum
search altitudes covered by the selected radar scan pattern at the cursor range, or an
overlay of both a/a target detection range and velocity versus asimuth displays). These
useful features may be incorporated in the production configuration.

Video recorders should be mounted so that they are accessible in flight for changing
cassettes. This is especially desirable if the mission data length exceeds the record
time of a cassette. Typical recording times are 20-39 minutes for the 3/4 inch cassette
tape format, and 1l-2 hours for the 1/2 inch VHS format. Normally, an on/off switch is
provided in the cockpit so that recording can be limited to only data runs to conserve
tape usage. Video recording is more desirable than film for the radar display since it
is irmediately viewable postflight (versus waiting for £ilm to be processed), and it has
a longer available recording time which requires less aircraft storage room for
additional cassettes. However video resolution is generally less than that for film
which can be a factor when attempting to view an airborne target through the HUD. If a
film camera is used for the HUD, it typically runs at a standard 16 or 24 frames per
second, and must include the capability to record time for correlation with other data.
This can be done by recording pulses on the film or having time included in the HUD
display field of view. The lesser resolution of video recording is usually not a
limiting factor for analysis of a/a radar data from the radar display. A color video
capability would be preferred when looking through HUD and would be required when color
radar displays are used.

Proper video playback equipment is very important. It should have the capability for
variable slow-motion in forward and reverse, and the ability to freeze (stop motion)
video frames on command. It should have a good indexing mechaniszation in order to
rapidly find areas of interest on the tape. Nost installations do not use an actual
aircraft radar display for playback due to its different power requirements and since it
is generally smaller and the small screen makes analysis difficult. The primary reason
for using the aircraft display for at least some of the playback is to be able to
observe the displayed data as the pilot actually saw it, but is not as great a factor in
a/a radar evaluation as it would be for a/g.

Some aircraft contain video recording systems as a part of the production configuration
as a training aid and for historical combat data. While this installation may not be
adequate for the detailed radar evaluation, it should be evaluated with respect to its
suitability of operation.

7.2 Internal Radar Data

The radar can be modified to send ocut some additional internal data over the avionics
interface, acting as a “"data pump”. This method may be sufficient for some development
and evaluation applications, but does have its limitations in that it may overload the
radar processor oOr aircraft avionics MUXBUS at the busiest (and therefore worst
possible) times. An extensive radar development program will require full Adata
recording of the internal radar busses and data ports. This will usually require a
separate dedicated high speed recording system of one megabit per second or greater
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capacity. Newer radar systems may have substantially higher data rates which may force
the recording of only a portion of the data, or require some form of on-board real-time
data compression which doesn't substantially corrupt the data resolution or timing.

Internal radar data is used primarily for radar system development, troubleshooting and
failure analysis. It can also be used for a/a radar evaluation, such as to gather
target detection blip-scan data (the scan number, bar number, range, asimuth and time of
sach displayed detection) instead of manually reading it from the video display, and for
false alarm determination. The instrumentation system configuration should ba easily
changeable, especially during radar development testing, to accommodate the numerous
areas vhich will have to be investigated.

A typical internal radar instrumentation system will have the capability to record data
from the following sources: 1) the internal bus which ties together all the radar LRUs,
2) the dedicated high speed bus between the radar computer and signal processor, 3)
selected portions of the aircraft avionics MUXBUS which ties the radar system to the
rest of the aircraft avionics, 4) internal radar processor data, 5) analog radar
hardware temperature and vibration levels, 6) some aircraft instruments such as a/a
TACAN range and bearing, 7) time code information, and 8) crew audio. It may have one
or two recorders (depending on the tradeoffs made betwaen recording capacity, availabla
aircraft space, and amount of data to be recorded), a buffer to receive and format the
data streams necessary for racording, and a control and indicator panel in the aircraft
cockpit. It may contain a built-in radar digital data simulator to use for testing and
verification of the instrumentation system. The recorder can be a standard 28-track
instrumentation recorder, capable of 38 to 69-minute record time depending on the
recording speed/data density required. At high data recording rates (one megabit per
second and greater) the typical number of tracks required may be: 1 each for the radar
internal bus, the aircraft avionics MUXBUS, temperatures, vibration levels, time code
and audio, while several (typically 2-4) will be required for the dedicated radar
computer/signal processor bus, and many (19-20) for internal radar processor data. This
radar processor data will typically include data from radar processing routines or FFT
data (the contents of the doppler filters and range gates matrix) which can be used to
examine clutter rejection and target detection capabilities.

The radar instrumentation system controls and indicators should be provided in the
aircratt cockpit. Controls should be installed to allow the crewmember to power the
system on and off, start and stop the recorder(s), and select recording data streams or
formats (as applicable and equipped). Indicators should be installed to show power on,
tape motion, selected data or formats, amount of tape used, and low tape warning.

7.3 Avionics Interfaces

The recording of the radar interface with the other avionics (analog such as INS data,
discretes and digital such as the MIL-STD 1553 type MUXBUS) is the source of most radar
evaluation data, since the parameters of interest for evaluation are usually those sent
to the rest of the weapons systems over these communications channels. This is true
primarily in a/a radar target acquisition and tracking modes when the weapons system is
dependent on radar target data for launch/delivery pointing and computations.
Additionally, the radar may be modified to put added data out on the MUXBUS which is not
normally required by the other avionics systems but which can aid in development and
evaluation. Detailead information on each MUXBUS data word is normally included in a
system interface control document. Typical data rates are 58 transmissions per second
per digital word over a 1 megabit per second serial digital data bus along with analog
data and discretes. A typical data recording system is a 14 or 28 track standard
instrumentation recorder with 1-2 hours of record time. The serial digital data can be
split across several tracks (typically 4-5) and other tracks used for analog, discretes,
time code, and pilot audio.

The amount of data needed to be recorded, and the fact that there may be several
aircraft multiplex busses of interest (such as avionics, display and weapons) depending
on the radar modes under test, may require in-flight selection of the parameters to be
recorded. This would require the prior definition of data formats by mode or test
condition, and may also involve on-board data compression schemes to fit all the desired
data. Sowme special techniques, such as coding data as to when an event actually
occurred versus wher it was recorded as it came on the bus, may be required in order to
obtain sufficiently accurate time correlation with other data sources.

7.4 Telemetry

In addition to the test aircraft on-board recording capabilities, radar data can be
transmitted to a ground station continuously during each test flight by means of a
digital telemetry (T/M) 1link. The data can be recorded at the ground station on
magnetic tape as a backup to the airborne recording. If the test aircraft on-board
space is extremely limited, T/M could be used instead of on-board racording for some or
all of the data. This does run the risk of losing data when noise, 1line-of-sight
limits, and other factors disturb the T/M transmission. The T/N systems generally do
not have sufficient bandwidth to transmit all the radar and interface data, thersfore
the testers need to prioritize what will be sent out on the basis that the on-board
recorders will handle the remainder. Thexre may have to be a means to select in flight
betvesn several pre-defined T/M formats depending on what testing is taking place.
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Telametry of the radar video display is highly desirable as it can impart a large amount
of information on the current test, yet it poses a considerable problem due to its high
bandwidth if it must be encrypted for security purposes.

Selected channels of the telemetered data can be displayed on the ground using etrip
chart recorders and cathode-ray tube (CRT) displays to evaluate radar functional
performance:. While it is highly desirable to cbserve radar data real time on the ground
via T/M during the conduct of the test condition, the number of parameters may be
limited Dby the T/N transmiceion bandwidth required, the ground monitoring capabilities
and security considerations. Much of the a/a radar performance . evaluation i»s
accomplished by comparing radar data to reference data postflight, which does not
require T/M. Some evaluations can be accomplished using T/M, such as determining if the
radar maintains track or breaks lock under maneuvering conditions or in the presence of
a jamming signal. Telemetered radar data can also be used to ensure the radar is in the
correct wode configuration for the test, for real-time limit checking (such as
indicating vhen specified accuracies are being exceeded, when track quality measures go
beyond acceptadle limits, or when anteana position rates become excessive), to obtair an
early indication of problems, and to determine if the test should continue.

The aircraft T/M system should ba compatible with all test ranges which may be wuseq,
unless program-unique T/N receivers, recorders and processors are transported wherever
testing takes place. When T/M is desired during low-level test aircraft flights in the
vicinity of rough terrain, a relay capability may be the only method of receiving the
T/M signals. This may be accomplished using one or more other aircraft, or a satellite,
to relay the data back to a ground station. 1If the data is encrypted, not only does the
data error rate usually rise, but the range compatibility and relay issues can become
considerably more complicated. If the aircraft has a production date 1link system
installed, this could be used in lieu of some of the T/M data required, since it will
likely only contain radar data normally on the aircraft avionics MUXBUS, and no internal
radar parameters.

7.5 On-board Special Controls

The test aircraft radar installation may include special controls which can be very
helpful Dby wodifying radar performance in flight to investigate problem solutions.
Special controls may also be used to make immediate in-flight comparisons to evaluate
alternative mechanizations under the same f£flight conditions (as described in section 5.6
of this volume). The radar software can be temporarily programmed so that options can
be selected via unused a/a radar controls or switch combinations for that test condition
(such as using the selection for beacon mode to change the track coast time when in a/a
mode, or ground map controls to change a/a ECCM techniques). Another option is to add a
non-production keyboard and display tied directly to the radar computer to send commands
and read out internal radar data. Alternatively, the system may be modified to accept a
plug-in cartridge (containing some type of memory material such as magnetic tape or
read-only nmemory) and then several cartridges containing different mechanizations could
be carried and used in flight. Implemented properly, special controls can maximize the
efficient use of flight time, especially during early system development of different
radar processing achemes. This can be particularly useful and time-saving when compared
to gt?cr Toann of changing radar mechanigzations such as hardware replacement or software
modification.

Special on-board controls must be implemented and used with care to ensure that other
problems are not created. Since the radar is highly integrated with the other avionics
systems, all versions of the in-flight radar modifications must be compatible with the
interfacing systems. Also, the addition of special controls should not be allowed to
affect the normal operation of other radar modes which may be developed and undergoing a
final evaluation. Depending on the extent of the changes made to the radar system to
implement the special controls, it may be necessary to use the production configuration
radar for evaluation without the special controls installed, to ensure that the
evaluation is of a truly representative system.

7.6 Reference Data

The major source of reference data used for a/a radar evaluations is ground-based time
space position information (TSPI). This may include radars (to track the aircraft skin
return or an aircraft mounted beacon), cinetheodolite cameras, laser trackers and
interrogators/transponders. The use of each of these systems will depsnd upon the
reference accuracy required and TSPI system limitations such as coverage area, coverage
during maneuvering and tracking of multiple targets. Some a/a radar tests, when in
look~-down modes, will require reference data on the ground moving targets in the
vicinity to evaluate the radar ground moving target rejection implementation.

7.6.1 Sources

The following factors need to be considered when using typical TSPI systems: 1) the
egircraft must be equipped with a beacon transponder to reply to tracking radars (such as
an Frps8-16) to obtain higher accuracy, 2) cinetheodolite cameras require clear
atmospheric conditions, have a limited range (typically within 25-40 nm) and require
considerable coordination to have 3-4 cameras each tracking the radar-equipped aircraft
and the target, 3) laser trackers usually require highlighted reflective areas on the
aircraft which may be cbscured during maneuvering, and 4¢) interrogators/transpoaders
(with the interrogator on the aircraft and a layout of transponders on the ground at
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known locations) are limited to only the flight path which keeps the aircraft within
rangs of the ground systems. All of these systems are liaited in the number of targets
that can be simultanecusly tracked--generally only one target per tracking system--and
By also De limited in their line-of-sight track ranges depending on the aurrounding
terrain. Mobile systems can be used to cope with some of the line-of-asight limitations,
but are generally not quickly relocatable. It might be possible for a tracking radar
such as an Fp8-16 to be modified, using a computer~controlled receiver and multiple
local oscillators, to multiplex the radar and enable it to track more than one aircraft
at a time, each with different beams. This would require the use of some track
emoathing algorithme and eowe memory, but may be able to provide multiple target
tracking with acceptable accuracy. Nost range tracking facilities have programs which
can provide the user with the proper flight geometry relative to the tracking systems to
obtain the best reference system accuracy available for each test condition.

The timeliness of the TSPI is also a factor in choosing which systems to use. Real-time
TSPI system accuracy and postflight procesaing delays are important factors to be
considered. Cinetheodolite film cameras require processing of the film and then manual
scoring of target position within each film frame--although the advent of high
resolution video cameras coupled with automatic scoring equipment will greatly shorten
the processing time required. Some 1less accurate real-time position data can be
obtained directly from the camera asimuth and elevation angles. The accuracy of this
real-time data is generally on the order of that from an FP8-16 type radar, as long as
the operators keep the cameras ra:asonably well pointed towards the aircratt. Laser
trackers can provide more Aaccurate real-time data, Dbut still require postflight
processing.

Mot only is TSPI required for postflight evaluation, but it ia used during the test
conditions to provide aircraft vectoring for proper test set up and real-time aircraft
data. These data are typically test aircraft and target position, altitude, range and
velocity to initialise and maintain the correct test conditions within limits. When
available, the Global Positioning System (GPS) satellite network can also be used as a
source of TSPI for a/a radar testing. Some a/a radar tests will require the use of
differential GPS (the inclusion of a ground~based GPS pseudo-satellite system and
additional processing) to odbtain the higher accuracies required. TSPI outputs are used
in several formats--normally printouts, plots and data tapes which can then be merged
with other data sources.

Reference data can also be acquired from an instrumented target (typically by recording
the target's INS osutputs to obtain time correlated attitude, velocity and acceleration
data). Target aircraft attitude and body-relative data are not available from any of
the TSP1I sources mentioned previously. Another source of data can be an Air Combat
Maneuvering Range (ACMR) which uses an external aircraft-mounted system and ground-based
transponders to obtain position and attitude information on a number of targets in an
operational scenario. This data is usually not sufficiently accurate for a highly
quantitative a/a radar accuracy evaluation, but is very useful for OT&E.

Air-to-air TACAN can provide target position range and bearing reference data for radar
tests such as measuring detection and lock-on ranges, and for target positioning to set
up test conditions. Its advantage is in not requiring any ground station and therefore
can be used wherever the test conditions necessitate. It would be advisable, if a/a
TACAN is to be used extensively., to conduct a short evaluation of the accuracy of the
systems and installations to be used by comparison with a more accurate reference
system. Air-to-air TACAN has been measured to be as accurate as 9.1 nm between two
aircraft. Most aircraft TACAN installations are designed with the prime consideration
of communication with the ground (i.e., the antenna is mounted on the lower part of the
ajrcraft) and therefore may be unreliable when communicating with another aircraft which
is higher in altitude.

Tracking the aircraft telemetry stream (which contains aircraft latitude, longitude and
altitude) 1is another option for obtaining reference data. The aircraft data could be
used to aim the ground T/M antenna to track the aircraft T/M signal using a mobile
positioning van with a broadband antenna. This mobile van could be transported with the
test aircraft to deployed locations to provide the sume displays, readouts and data
Processing schemes at all locations. The mobile capability could also be used to
position the ground T/M receiving antennas to avoid terrain masking for low-level tests.
Air-to-air radar evaluation reference data may also be obtained using a pod system
mounted on the test aircraft which can measure target position. The pod could be
carried externally and may have the capability to track multiple targets simultaneously.
It may house a reference radar, RF transponder, data acquisition sesystem, signal
conditioner, telemetry transmitter, timing receiver, timing deccdair, and associated
antennas. An KF transponder, with the associated antenna and a telemetry antenna,
could be mounted directly on the test aircraft. The reference data pod electronics
packages could condition, format, and transmit test aircraft parameters such as
altitude, roll, pitch, heading, airspeesd. angle of attack, and target relative poaition,
along with parameters from other on-board instrumentation. The data could be
transmitted to a ground facility, and also recorded on board for backup. A timing
signal is required to synchronisze the time tagging of all the data as they are received
at the ground facility. The pod reference radar could provide range, asimuth,
elevation, and azimuth and elevation rate data with reepect to a transponder located on
the target. One disadvantage to this pod concept is its dependence on a unique ground
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processing site to receive the tolmurid data, and it would therefore be limited to

use only within that vieinity. Also, the requirement for a beacon in each target could
be eliminated if the pod had a highly accurate radar systea.

7.6.2 Data

The a/a radar test planning process should include a definition of the reference data
accuracy and time correlation requirements, especially since they will usually be
difterent for the variocus test conditions and radar system capabilities to be evaluated.
High altitude versus low altitude test conditions may even require daifferent tracking
systems to follow the aircraft. The newer, mors accurate a/a aircraft radar systems are
foreing innovative uses and upgrades in existing reference tracking systems. Quite
often, the reference system accuracy alone is not sufficient and requires postflight
combinations of data outputs with substantial mathematical estimating and smoothing.

A single reference tracking radar (such as an FP8-16) using an aircraft-mounted beacon,
©an track at all typical a/a radar ranges, usually with an accuracy of +/- 20 feet
depsnding on the geometry and range to the aircraft. Cinetheodolite data is usually
accurate to +/- 3 to 3 feet depending on geomatry., number of cameras on sach aircraft
(utually 3-4) and atmospheric clarity. The effective range is often limited to 23-48
n  Laser trackers are generally accurate to within +/- 18 feet but are also limited in
range. A test aircraft pod reference data system such as described in section 7.6.1 may

D@ dccurate to within 15 feet at ranges of less than 15 miles, and accurate to within 23
to 5§ fest at ranges from 15 to 60 miles.

Much work has been done to increase reference system accuracies by the use of best
estinate of trajectory (BET) computation processes which use data from more than one
tracking source. This can be a variety of combinations of cameras, radars, and lasers,
28 Vell As using on-board aircraft navigation system data. The BET process usually uses
a Kalman filter/optimal smoother to model errors of all data sources including those on
boArd (such as altimeters and the INS). When On-board INS data is added to the process,

aircraft velocity accuracy is better and smoother, with the greatest improvement being
readlized in a high~dynamic arena.
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8 DATA RIDUCTION AND ANALYSIS

The methods and depth o' a/a radar data analysis to be performed are dependent on the
purpose(s) of the test., such as functional checks, verification of corrections of
system discrepancies, specificacion compliance, or operational evaluation. Functional
check¥s may be only for the purpose of determining if the eystem is working
satisiactori.y in a general sense, and very little detailed analysis may be required

other than monitoring the r.dar dlsplay. Verification of configuration changes,
spscification compliance, and operational testing all usually compare radar system
performance against a baseline or standards. The analysis for these types of tests

consists of performing the comparison and evaluating the results. The data analysis
proceduras and programs need {0 be specified during the test planning stages in a data
analysis plan to ensure the analysis capability will be available when needed. The type
of data analysis to be performed will also influence the type of instrument:tion
required and its coniigurations. As covered in section 7 of this volume, the very high
data rates may necessitate flexible selective recording of parameaters at various rates,
compression algorithms and means cf changing menus of racorded parameters in flight.
The data processing and analysis achemes and the instrumentation requirements must be
compatible, should be standardized as much as possible (such as standard data report
formats), and must provide the user with the appropriate data sufficient to determine
radar performance. The ground lab can be a useful source of data to validate the data
processing and analysis techniques to further confirm their acceptability for the f£light
test data.

In addition tc the detailed data analysis for radar performance measurement, sonme
limited data processing and analysis is required on a quick turnaround basis for rapid
decision making such us: clearance for the next flight, confirmation that the required
data was gatnered, or if 2 modification is required to the test setup or to the radar
system itsel”. The typical process after a flight is to: 1) have a postflight
debriefing with the flight test eagineers and flight crew using the no* 3 taken during
the flight, 2) obtain the video recordings (and use them as part of the postflight
debri~fing), 3) use real-time and postflight quick-look data to make early performance
agsessments, and 4) decide what second generation data analysis will be requirad.
During =adar system development especially, when all participants (such as the radar
designers) are not collocated with the test facility, it has been found that video
te.econferencing is very useful in rapid dissemination of flight test results ana
planning. This requires an audivvisual link between all test-related personnel from a
variety n»f geographical areas to promote the best sharing of thoughts and allowing the
crew to .xplain the performance seen in flight.

The process of reques-ing data and performing data analysis should be automated as much
as possible, especially .n light of the enormous amounts of data which can be generated
from even a singie flight. The data processaing and analysis system needs to be “user
friendly." i.e., Dbe easy for the test engilneers to use and adaptable to changing
requirements. A flexible ays:em (such as one with an interactive ability to use
different sets of data, and able to vary the analysis methods based on a number of
resident statistical packages) will also reduce the unacceptably long lead times
inv 'lved when actual flight test Adata is run and a need to change the analysis
capability becomes apparent. This will also speed up the whole data analysis schedule,
allowing flights which are Gependent on the analysis outcome to proceed sooner.

Data processing capabilities can be broken down into several types: real-time, video,
first generacion, merging, and sacond genera.ion. Some analysis can be performed at
each step along the way, dbut the majority of the performance analysis is performed after
the second generation processing hcos been accomplished. Real-cime processing is usually
defined as that which is performed Quring the flight as the data is being gathered, and
* - include the capabilities of processing some first yeneration data, limited merging
« 1 even some second generation proceising.

Real-time data is uced to better isclate and identirfy data time slices for further
detailed postflight analyiis, to 1:ake quick-look types of assessments, and to determine
if there is a nead for greater or fewer tust runs on the current £light. For real-time
data processing and analysis, the areas »f display and calculation regquirements, control
room layout, and the duties of control room personnel mus* be well defined prior to the
start >f testing. Also, the processing which is needed in real time versus in near real
time (shortly after occurrence) will need to be defined. Typical real-time display
requirements include: 1) the radar or avionics system statua indicators to be displayed
(for example: green for radar lock-on, yellow for ECM detect, and red for break lock),
2) the required update rates, 3) the necessity for time history displays (i.e., what is
needed o make a decision to go to the next test condition or run), 4) a radar system
“health" ‘Iisplay, 5) an indication of the currently selected radar and weapons system
mode, 6) plot scale units and colozs, 7) digital readouts, 8) poiaters/flags/messages to
be displayed and under what circumstances, and 9) limit lines to be drawn on data to
indicate when a predeiermined limit is about to be exceeded.

8.1 Video

Video data is obta’ d primarily from the radar display, and from the HUD for shorter
. ange tast conditioas. Video data may also be obtained from the target aircraft (from
its radar or ECM displays) and from an Air Combat Maneuvering Range. Video data is used
for a quici look qualitative analysis to verify that the system is ope-ational, to show
what the pilot saw in flight, and to narrow down the areas of interest to be further
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processed and analyged using data obtained from other sources. Data that can be
initially obtained from the video, and then more accurately obtained from analysis
including the reference system, are: 1) target azimuth and range or velocity for initial
detection range and probability of detection, 2) detection range/velocity/azimuth
accuracy, 3) false alarm rate, 4) multiple target resolution, and 5) indications of ECM.
Initial estimates can also be made for: 1) time to lock on, 2) time to stable track, and
3) effects of ECM on tracking performance. If the radar video data is telemetered to
the ground during the test flight, some of this analysis can be performed in real time.
video dAata is very handy to have during the postflight debriefing since it can help
refresh the pilot's memory (particularly for a long flight with many test objectives and
conditions), it can give a good overall view and understanding of the situation to the
flight test engineers, help in sarly indication of anomalies or problem investigation,
and present the data that was given to the pilot in case of any discrepancies with
respect to the recorded digital and analog data. The video data also will be used to
assess the radar display, and may be used to judge whether the use of the recording is
n:tilfactory for training and cowbat history purposes in the field on production
aircraft.

Detailed video data analysis will require playback equipment that can operate at normal
speed, slow motion, and "freese"™ (stop motion of a video frame). When the video tape
includes time code and/or imbedded data, it would be helpful for the playback system to
continue to display the last data prior to the stop motion. Most recording techniques
in use, however, will not display time or imbedded data when the tape is played back in
slow motion. Video display recordings normally are ..anually interpreted and the data
entered as another file to be used by data analysis programs. Automatic scoring of
video during playback, with the playback system keeping track of the range and azimuth
of one or more a/a radar displayed targets, is a recent innovation though still
difficult and expensive. A scoring system could determine parameters such as target
range and azimuth and output the data on a data tape for use in further analysis
routines. Video data is useful for a multitude of operational analyses, for example
determining the ease of system use by the pilot's ability to place the cursor over the
target in a timely manner. Video data is also useful for quantitative analysis such as
measuring the number of successful lock-ons versus the number of attempts, and can be
used to verify the internally recorded radar detection and false alarm data. The video
data can also be used to help interpret other data, such as atrip charts or recorded
control room CRT displays, since sometimes "a picture is worth a thousand words."

8.2 First Generation

First generation data processing is usually defined as that processing which converts
raw data measurements (both digital and analog) to engineering units (units such as
feet, feet per second, and degrees) and can obtain reports of significant discrete radar
or weapons system events (called “events reports"). First generation data can be in the
form of listings and plots for quick look assesaments, or data tapes which can be used
as input to radar performance analysis programs. An events report is typically a time-
oriented 1listing of the significant events that occurred during each test run (such as
time of designate, time of lock-on, and time of breaklock) which can be used to refine
the start and stop time periods of the digital data needed for further analysis, or to
provide preliminary analysis of events.

A "smart" and fast data processing system is regquired to obtain quick-look data right
after the flight, especially for the purpose of approving the next flight. The most
rapid processing will use the data in whatever form it exists and will not spend extra
time reformatting the data. This is especially important when the testing is being
conducted in & remote area away from the main proceasing facility. This rapid
processing is used to evaluate the quality of the data, to validate the data to ensure
the instrumentation system is recording properly, and to provide a preliminary

assessment of the success of each test condition. This includes determining if the’

correct modes were used and the test setup (such as target range, azimuth and speed,
radar system PRF, and range scale) was proper. The gquick lock data to be used will
depend on the test objectives, but may include performance parameters such as detection
range, lock-on distance, lock-on time, and target closing speed, as well as fighter
parameters such as altitude, speed, normal acceleration (g's), attitude and heading.
Target parameters available from conventional £light instruments in the target aircraft
(which may be hand-recorded by the crew or instrumented) include target altitude, speed
and heading, and a/a TACAN distance and bearing. Hard copies of strip charts and CRT
displays can be made from either analog or digital data streams, and can be used to
graphically illustrate data such as the dwell times and walk-off rates during ECM tests.
These gources of data are usually very adaptable to changes in data presentation.

The very large amounts of recorded data would be unwieldy during playback if formatted
post-flight on a one-for-one basis. Rather, data are compressed using algorithms during
the first generation processing to obtain engineering units in a greatly reduced data
volume. A common compression algorithm outputs data for a parameter only when its value
changes greater than a predetermined amount and also forces data out at a specified time
interval (such as once per second) even if the value has not changed. The compression
algorithm values and limits applied to sach radar and weapons system parameter must be
carefully chosen since there is a tradeoff between reducing the amount of data versus
having sufficient data resolution available for analysis. Some high rate rapidly
changing data, such as obtained during ECCM test conditions, may not readily lend itself
to compression since every sample of all data may be required fcr analysis. With a very
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sophisticated on~board aircraft avionics instrumentation system, on-board real-time
compression may be used, thereby increasing the amount of data time available.

Some first generation data processing schemes include data smoothing routines, such as
for TSPI data. If smoothing routines are found to be necessary due to “noisy" data,
care must be taken to ensure the smoothing routines use the least number of points while
properly tailoring the filter response to accommodate aircraft maneuvers. S8ince much
a/a radar testing involves highly maneuvering airoraft, improper swmoothing may impart an
incorrect position or velocity for analysis purposes, since the smoothing routine may
cause the data to unaccaptably lag the actual aircraft performance. The radar flight
test must ensure any smoothing algorithms used sre compatible with aircraft and radar
performance, and with the radar analysis routines.

The advent of more aircraft data busses, along with the newer storage technologles,
results in even larger data bases which must be stored and catalogued for easy
retrieval. This is a good area for which a management information system (as covered in
section 3.7) can be very useful. Since much of the data is usually classified, an MIS
can be usad to track and control all sources. The great increase in data volume also
points out the need for standardized formats of first generation data for use in
multiple analysis programs.

8.3 Merging

Merging of data streams is required to combine various first generation data sources in
order to accomplish data comparison and analysis. Some limited merging may be
accomplished in real time during the flight, but this is dependent on the communication
of the sources to a central data facility with sufficient data processing capability to
handle such a complex task. When reference data are to be merged in real time, the
reference data real-time accuracy must be taken into account, since it may be less than
that obtainable post-flight. Real-time merging may be used to display or compute data
such as: target velocity and range errors, selective aircraft avionics MUXBUS
parameters, aircraft attitude, cockpit display parameters, and other weapons systems
parameters.

Postflight merging of data will include all parameters, and may include data sources
such as an Air Combat Maneuvering Range, tracking range reference data, instrumented
target(s), other sources of target information via data 1link (other fighters or
interceptors, airborne or ground-based early warning systems), threat ECM facilities
({both airborne and ground-based), video and pilot comments. The typical means of
merging data is Dbased on -time of occurrence, usually recorded on each source to a
resolution of one millisecond. The typical means of providing time for each data source
(especially for in-flight use) is by a separate time code generator which will normally
have some inaccuracy in its initial setting which may Arift over time. The correlation
of time among all data sources can be accomplished in a variety of ways such as
introducing a tone which is simultaneously recorded by all sources, or via telemetry of
aircraft on-board time to the other sources. The radar data rates and accuracies at
typical test aircraft speeds requires qdata timing correlation to within 10 milliseconds.
Any time skew which is determined post-flight can be applied to the data during
analysis. This points out the need to have data analysis programs which can accept an
input of time deltas for the data sources, and apply these deltas during the processing.

The application of time correlation deltas to the data will require the use of
interpolation algorithms, since not all data will be simultaneously sampled nor will it
be sampled at the same rate. The type of algorithm selected may use straight line or
weighted interpolation, and it may be necessary to change the interpolation algorithm
based on the data sources, sample rates and the type of radar test being analyzed. The
merging and correlation process must be carefully chosen in order to accommodate the
variety of digital sampling rates, various filter characteristics, and compression
techniques. The merging procass also must not be allowed to discard any data (such as
by filtering) without approval. Merged data will typically be put on a single type of
data media, such as magnetic tape or disk, to allow easy access to all data within a
given time segment.

8.4 S8econd Generation

Second generation processing uses as input the time-tagged engineering units data
directly out of the real-time or first generation processing and performs additional
processing and calculations on sets of parameters from the same time segment. The input
can be in the form of a serial time history (data ordered by time of occurrence having
each parameter defined at sach time point) or a compressed serial time history (a data
structure where the amount of data are reduced and must be reconstructed to perform the
analysis). The output data from second generation processing is normally in the form of
plots, tabular listings, time history data, and histograms of flight events which can be
used for further analysis. Second generation processing may also include comparisons of
in-flight radar performance with the results of computer-generated simulations and radar
ladb tests. Second generation processing will also include the nerging of radar
performance data for like test conditions from multiple flights to obtain overall
performance with statistically meaningful results. The term "third generation® is
sometimes used to describe the processing performed with data from several events or
time slices from several flights using input from second generation software.
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8.5 Analysis Technigues

Two methods of radar performance analysis are typically employed for the a/a radar
flight test program. One uses only data originating from the radar system (including
pilot comments, video, internal and MUXBUS) to perform: 1) in-depth analyeis for
development and troubleshooting (such as a detailed examination of clutter cancellation
techniques, causes of false alarms from the doppler/range bin matrix, acquisition
sequence and timing, 8T/BIT failure validity, and simulation of the radar digital
processor on the ground to see if it provides the same results as found in flight), 2)
some performance analysis (such as detection and lock-on ranges), and 3) both subjective
and qQuantitative operational analyesis (such as the ability of the pilot to discern and
lock on to his assigned target). The other analysis method is a comparison of the radar
data to that of a reference system, primarily to obtain statistical performance results.
For example, target range error can be calculated as a percentage of actual range and
might be determined for a variety of aspect angles, in clutter and non-clutter
condi:irnl. in non-ECM and ECM environments, and for a wide range of opening and closing
velocities.

The reference system wmwust be sufficiently more accurate than the radar system under
test. A "rule of thumb" is for the reference system to be a factor of 18 more accurate
than the radar under test, although it can be shown statistically that factors between 3
and 6 may bDe sufficient to achieve acceptable confidence 1levels in the analysis.
Coordinate rotation (putting the aircraft and reference data into a common coordinate
frame of reference) is probably one of the most difficult parts of the analysis
technique to implement. The reference data must be put into the same coordinate system
as the radar-equipped aircraft body before comparisons are made of the a/a radar-derived
versus reference system-derived target data. In addition to analysis of radar in-flight
performance, comparisons can be made with ground lab data to update the simulation to
ensure it is as close as possible to actual in-flight performance. This can be
particularly useful when the simulation is used to predict performance under conditions
which were not used during flight test.

Radar analysis typically operates on the assumption that radar performance statistics
have a gaussian distribution. The error analysis should indicate values for minimum and
maximum, mean, standard deviation, number of samples, ratios, and include confidence
levels/bounds (the typical confidence level used is 93 percent). It is especially
important to indicate the statistical meaning cf the computed results. Sensitivity
curves can be calculated for varying coefficients such as the effect of clutter or
target type on a/a detection range. Detailed performance analysis should be emphasized
when the flight test program has a limited number of samples. Sampling and statistical
theorems should be employed for maximum confidence in the test results (for example,
determining how well the flight test results represent the population and at what level
of confidence). It should be noted that radar performance analysis is not an end in
itself, but must consider how the results will be used, who will use them, the purpose
of the test, the timeliness of the answers, and the type and format of the report.

Automated data processing should be used for much of the a/a radar data analysis. The
analysis techniques may not be standardized for various systems, since specific radar
system problem investigation may require unique analysis methods. If possible, standard
methods of comparisons and presentations of data from previous tests on other sgimilar
systems should be developed. A fully automatic a/a radar performance analysis would be
very difficult to implement. It would require a very complex algorithm (or expert
system) to set thresholds for "good" versus "bad" performance. For example, how would
the analysis routine judge a marginal lock-on (which could be called good in a different
test scenario), or the reason for a breaklock, or judge an ECCM test where the radar
maintained track but would have broken lock if...? The "whys* of the performance
analysis cannot be reliably implemented automatically, but will require the skill and
expertise of a data analyst. This is especially true when an operational analysis is
being performed, and the results need to be interpreted from the perspective of the
operator in a given combat situation. A management information system (as explained in
section 3.7) can be of considerable use for data analysis to keep track of data, and may
help identify trends in the results (for example increases in system performance and
changes in failure rates).

Much of the a/a radar performance analysis will also ba qualitative in nature. This
applies especially to the operational judgments, wherein an assessment must be made of
the system's ability to perform the intended mission regardless of whether it meets a
particular performance specification requirement. Also, radar switchology, mode
mechanizations and display adeguacy will be evaluated gualitatively, based on pilot
comments and anavers to questionnaires. Some evaluation criteria may have both
guantitative and qualitative analysis techniques smployed, for example, the pilot's
ability to lock on to hia assigned target (in a multiple target engagement) may have a
statistical result in terms of percentage of times the pilot locked on to the correct
target, but is also highly subjective with respect to the ease and simplicity of
achieving a successful lock-on.

Radar analysis techniques described in the following subsections are divided into two
parts--detection, and acquisition and track. This covers the specific areas of
evaluation described in section 4 and can also be used for the topics in section 5. For
example, the analysis description for tracking includes the analysis for the acquisition
portion, and can be used for evaluation of manual and auto acquisition performance as
well as for TWS acquisition. Evaluation of other considerations such as BCCM will use
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the same type of analysis (such as track accuracy) £for comparison between radar
performance in a non-ECN- versus ECN environment. The same holds true for comparisons to
determine effects of the environment, EMC, and evaluation of alternative mechanizations.
The tables and plots shown in this section are samples of how a/a radar data and results
can be shown and analysed--they do0 not contain actual data (to eliminate any sensitivity
or c¢lassification of this volume). Not all results are shown in ths form of a plot or
table, since the axplanation in the text is sufficient to desceribe what a table should
contain and an additional layout of the table itself would be redundant. All data
printouts and plots should contain headings to identify: date of processing, flight
date(s) and number(s), run type and number(s), and the start and stop tims of run. MNore
specific test condition heading information can bs included as appropriate, such for
detection analysis: the number of detections (for each scan/bar if conducted in other
than one-bar scan), symbols for each bar plot, and the average false alarm rate.
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8.5.1 Detection Analysis

Detection data is available from radar system internal recordings and video tapes of the
radar display. The preferred method of obtaining detection and false alarm data is from
the internal recording to minimize the manual process of sorting through video tapes.
The scan number, elevation bar number, range, aszimuth and time are noted for every
displayed target symbol during the test condition. These detections are then sorted
into four categories (using reference data from either a/a TACAN or ground-based
tracking systems): those on the target of interest, those on other airborne targets,
those in the vicinity of a road which could be Ground Moving Targets (GMT), and the
remainder as false alarms. The target detections are used to calculate the various
detection results (such as detection ranges and consistency) and to compare with
reference data to determine range and azimuth accuracy. If no internal radar data is
available, the target range and azimuth read from the video tape will not be as accurate
as desired, resulting in some uncertainties in distinguishing between false alarme,
ground moving targets, other airborne targets and discrete non-moving ground targets.
The Pp calculation is accomplished using a sliding window ~ usually 1@ scans long if a
slow closure rate run (fighter in trail of the target in a "tail-chase”, closing on the
target) and 5 scans long if a high closure rate run (fighter “head-on" to the target).
When this window is moved inward in range looking at the detections on the target versus
scans, the number of detections in the window is plotted as the Pp versus the target
range at the center of the window. False alarm rate is a difficult parameter to analyze
since so many variables and unknowns are involved.

For multiple target resolution runs, the video tape can be used to determine the points
at which the two targets appeared to merge or separate. Reference data is then used to
determine the range or angle resolution achieved.

Typical inputs to the a/a radar detection analysis routines are:

-~ Time delta - the time correlation difference between the on-board and reference data

which must be applied during the processing

Flight information - fighter tail number, £light date and flight number.

Fighter versus target closing speed (knots)

Fighter antenna scan rate (X.X seconds per scan)

Window size and slide - the number of opportunities used to determine the ratio of

hits to opportunities (blip-scan ratio) and how many opportunities to slide the window

in range for each calculation

Analysis type, run number and flight number

- Aircraft time, agimuth, range, scan number and bar number for each target detection or
false ?larm (does not need to include data on other aircraft and ground moving
targets

- Identification of whuther the data is for a false alarm or a target detection (such as

1 for a false alarm, & for a target detection)

MUXBUS and internal radar data tape identification

MUXBUS and internal radar data such as: radar mode words, target range, target

azimuth, antenna azimuth, antenna elevation, fighter altitude, fighter heading and

fighter velocity

- Reference data tape identification

(2]

Typical analysis outputs include listings, tables and plots of all scans and bars
showing the range and agimuth errors, tilt angle, fighter and target
altitude/heading/velocities, the Pp and false alarm rates; and plots of P, versus time,
azimuth and range accuracy versus range, and false alarm rate. Following are examples
of analysis outputs for detection evaluation with explanaticns for some of the more
conplex ones. Abbreviations used are: fighter fire control radar (FCR), fighter (FTR).,
target (TGT) and reference data (REF).

Explanation of Table 9:
- TIME - for each scan/bar combination starting with the first false alarm or detection i
- SCAN/BAR - the program filled in all scan/bar combinations during the run for ;
continuity. If there was no false alarm or detection for that bar in that acan, the 1
data in the appropriate columns is zero. If a target detection and/or more than one i
falase alarm occurred on a single scan/bar combination, there will be multiple entries i
in this column i
- TGT AZIMUTH - radar azimuth (FCR) of the target or false alarm, target azimuth from
reference data (REF) and the azimuth error (ERROR) between the reference and the !
fighter radar (corrected for the difference between reference system ground track f
!
!
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heading  and fighter true heading) for target detections. If there was no target
do::euon or false alara for that scan/bar, the FCR and ERROR columns will contain
0. .

TGT RANGE. - radar range (FCR) of ths target detection or false alarm, target range
from reference data (REF) and the range error (ERROR) between reference data and the
fighter radar for target detections. 1f there was no target detection or false alara
for that.scan/bar, the FCR and ERROR columns will contain §.8*

PD <« indicates whether or not this entry was included in the probability of detection
calculationa -~ N if no (i.e., it was a false alarm), Y if yes (i.e., it was a target
detection) and § if no entry for this scan/bar

TIL? ~ fighter radar antenna tilt (elevation) from NUXBUS data.

ART =~ differential altitude between fighter and target (DIFF), fighter MSL altitude

(PTR) and target MSL altitude (TGT) from reference data

HDG - heading of fighter (FTR) and target (TGT) from reference data

VEL =~ velocity of fighter (FTR), target (TGT) and closing velocity between the two
(CLOS) from reference data

Explanation of Table 18:.

TIME and SCAN/BAR - same as for Table 9

TGT RANGE -~ range of the target from reference data (REF) and radar rangs (FCR) of
target or false alarm, 8.8*% if there wers no detections

TGT AR’ - radar azsimuth (FCR) of the target or false alarm, 0O.8* if there were no
target destections or false alarms

-68 through +6@ 1is a tabular representation in azimuth versus time of all target
detections and false alarms

PD - whether or not this entry was included in the probability of detection
calculations ~ N is no (false alarm), Y if yes (target detection) and # if no entry
for this scan/bar

FA - whether or not this entry was included in the false alarm calculations - N if no
(i.e., it was a target detection), Y if yes (i.e., it was a false alarm) and # if no
entry for this scan/bar .
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figure Jis 2 typiun singls scan problblnty of detection Pp plot showing & 1ine fof
par in @ two-bar scan Jetection run (& circle indicating the ber 1 target
detections and & triangle jndicating the var 2 target dotocuom). me plot would
)} self-scaling in range to account fof the dstection range aifterences on

P results can dleo »e cabulated to list the target range
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rigure 3 single Scan probability of Datection

The detection azimuth and range accuracies {as rabulated in the 1isting ghown inr Table
9) can be plott.od versus target range. pS4 internal radar data were not available, these
plots are useful to verify that the correct points from the yvideo tape

accurately and used in the target detection rangs analysis (1.8 if a point ghows 3
very large srror when most 40 not, it may not have been 2 detection of the target and
should be eliminated from the aetection range analysis)-

Table 11 is an exanple of now false alarm rate results could be pruentcd. Falss alar®
rate can also be plottod versus target range to determine i4f it ie range dependent .

Table 11 False Alarm Rate

Run ¥O. Run Time No. of No. of No. of ralse False Alarm
Rate

{(minutes ) GMTs others Alarms
KX o 8 xK p @ & xX XX
AAXX > xL p 4 8 xn xK
Total for ' s X 3 =< X

all runs

analysis results a0 mot require unique gabular oF plot formats. put can e
organized and pn“ntcd as the author sees f£it or customer desires. miclny. they

€ e T
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weuld be presented to show the effects of a variable, such as cluttexr. The types in
this category include both DTeR and OTAER analyses ofh

= Cumulative probability of detectioa (Payu)

Correlation of radar detections with IFF detections

Scan-to~scan asimuth and range correlation

Multiple target range and asimuth resolution

Comparison of the useful operating ranges of low PRF and VY8 in the presence of clutter
(PAR verses detection performance

Percentage sach RIS mnode option (asimuth scan width, elevation bar, range scale,
target history, PRF, frequency) was used

An operational measure of detection performance is the frequency of radar detections
(percentage of successful target detections out of the total number of occurrences where
the pilot attempted to use the radar for target detection). A successful detection in
this case could be defined as a target detection prior to visible contact or at greater
than a specified range. This detection range is very dependent on pilot workload and
combat situation. Reasons for no detection could include: the pilot was tracking other
aircraft, or the pilot'e efforts were concentrated on visual search or navigation. The
results can be categorized and then plotted by mission role such as: Pl -~ pure
intercept, PAD - point area defense, FP - force protection, and A8 - air superiority.
The plot could dbe in the format as shown in Figure 4. This plot includes data at the
mean (the point on the line) and also shows the confidence bounds (typically 99
percent). This type of plot can be used. t0 compare many detection mode results, such as
detection range by mission role, by pilot, by clutter background, and by target type.

DETECTION ?
RANGE

]
q— L
f L
4
+ + + +
PI PAD FP AS

MISSION ROLE

Figure 4 Detection Range Versus Mission Role

Additional operational analycis may include the determination of initial radar contact
versus consistent contact (initial can be defined as the first time the target is
displayed, and consistent as the third time the target is displayed--not necessarily
consecutively). The frequency of resolution can be defined as the percentage of
successful resolution of multiple targets (prior to visual contact) of the total number
of occurrences the pilot obtained successful radar contact. Resolution range can also
be sorted and plotted by mission type., pilot, target type, and whether another detection
source was available to provide target information. Initial versus consistent
reaolution range can be determined, using the same type definitions of initial and
conslstent as for single target detections.
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8:5.2 Acquisition and Tracking Analysis

The data streams, analysis methods, types of analysis outputs and overall results all
incorporate both acquisition and tracking, therefore they are addressed togesher in this
section. Postflight video tape playback can be used to confirm times of track ooast,
breaklocks and a qualitative analysis of tracking capabilities. ™e primary
Quantitative analysis of performance accuracies uses time-correlated MUXBUS data in
comparison to reference data. Typical analysis outputs include priantouts showing a time
history of fighter and target altitude/heading/velocity, target range and range rate
accuracy, fighter g¢'s, target azimuth/elevation/angular error, velocity and acceleration
magnitude/angle error and a statistical evaluation of each run. This can include the
mean, standard deviation, and number of points for angle error, range error, relative
target velocity vector and total target acceleration vector. Plots for errors versus
elapsed time and versus range would include track angle accuracy, track asimuth
accurecy, track eslevation accuracy, track range accuracy and track range rate acouracy.
The events report from NUXBUS data can be used to give detailed times of occurrence of
radar events. Svitchology and usefulness of radar target acquisition and tracking
mechanisation and displays will also be evaluated qualitatively through pllot comments.

Typical inputs to the a/a radar acquisition and tracking analysis routines are:

= Time delta - the time correlation difference between the on-board and reference data

wvhich must be applied during the processing

Plight information - fighter tail number, flight date and flight number

Start and stop time of run

Analysis plot rate interval (usually in numbers of seconds)

Allowance for specifying wild point limits for track analysis (usually will also have

a default value if not specified)

Analysis type, run number and flight number

MUXBUS and internal radar data tape identificaiion

= MUXBUS and internal radar data such as: radar mode words, target slant range, target
range rate, antenna agzimuth, antenna elevation, relative target velocity X, ¥ &,
relative target acceleration X, Y, 8, target azimuth, target elevation, fighter
altitude, fighter normal acceleration (g's)., fighter roll angle and roll rate, fighter
pitch angle and pitch rate, fighter true heading, fighter velocity

-~ Reference data tape identification

Typical analysis outputs include listings, tables and plots of which several examples
follow. Abbreviations used (FCR, FTR, TGT and REF) are the same as those used in the
detection analysis output examples. Tables 12 through 14 are illustrations of detailed
point-by-point analysis of radar tracking accuracy performance. The samples shown are
based on the TSPI data rate of 20 samples per second. The tables show different types
of analyses obtainable for a single run, and include elapsed time of the run to
correlate with other data.

Explanation of Table 12:

- TIME - for each point of reference data (usually 16 or 20 points per second)

- L =~ blank if radar was locked on, otherwise an asterigsk is placed beside each point
during the time the radar was not locked on

- ALT - MSL altitude of fighter (FTR) and target (TGT) from reference data

- HDG - heading of fighter from fighter inertial navigation system (INS), fighter
heading (FTR) and target heading (TGT) from reference data

- VEL - velocity of fighter (FTR) and target (TGT) from reference Jata

- TGT RANGE - range to the target from radar data (FCR), range to target from reference
data (REF) and the error between the two (ERROR). If the radar was not locked on, FCR
and ERROR columns would contain &.8*

- TGT RDOT - range rate between the fighter and target from the fighter radar data
(FCR), from reference data (REF) and the error hetween the two (ERROR). If the radar
was not locked on, the FCR and ERROR columns would contain @.@%

- PTR G - fighter normal acceleration (g's) as measured on-board

- C - indication of radar in coast «- N if no, Y if yea

- R - indication of radar in reacquisition when radar is attempting to acquire or about
to breaklock - N if no, Y if yes

- ET - elapsed time from start of run for reference to other data.

Explanation of Table 13:
- TIME ~ for each point of reference data (usually 18 or 20 »oints per second)
- L = blank if radar was locked on, otherwise an asterisk is placed beside each point
. during the time the radar was not locked on
N - AZIMUTH ~ target aximuth as output directly from the radar (FCR), target azimuth from
; the radar rotated into the reference data coordinate system (XFCR), and target axzimuth
! directly from the reference data (REF). The XFCR and REF columns are directly
comparable
! - ELEVATION - target slevation as output directly from the radar (FCR), target elevation i
from the radar rotated into the reference data coordinate system (XFCR) and target ;
elevation directly from the reference data (REF). The XFCR and REF columns are !
directly comparable i
-~ ANGULAR ERROR - resultant angle to target from the radar rotated into the reference
data coordinate system {FCR), resultant angle to target from reference data (REF), and '
the error between the two {PRROR) in degrees and milliradians
=~ AZR - the radar antenna asimuth rate (not implemented in this example) i
ELR - The radar antenna elevation rate (not implemented in this example) '
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108 and XILOS - target line-of-sight rate (LOS) and nr!.t 1line-of-oight rotated iate
:ho reference data coordinate system (XLOS)--=both lated weing ASR aad BRIR as
nputs

RILTR - resultant angular rate to target from reference data

LOGACL = target line-of-sight acceleration caleulated weiang AIR and IR ae isputs

FIR G - fighter normal acceleration (! s) as -uuu en-hoard

C = indicution of radar in coast - N if no, £ yos

R - indication of radar in mequnluon -2 “ am, Y Af yoo

FCR -~ radar range to target

ET « elupsed time from start of run

Explanation of Teble 14:

TIME - for each point of reference data (uuny 10 o '

L = blank if radar was locked on, otherwise an .‘ padme

during the time the radar was not locked om

1N - :unk if radar indicates target velocity data is wvalid, otharviss an anberisk if
nvalia

VILOCITY MNAGNITUDR - target relative velocity mssguitede fyem sednr dsta setasad

the reference data coordinate system (XFCR), target relative nuua m.

reference data (REF), and the error between the twe (BREOR). sadar

data is invalid, XFCR and ERROR columns will coataim 0.0

ANGLE ERROR - the error between the target relative velecity veester fren Madar dRa

and reference data. If VV indicates radar data is iavelid, the cslums will eastaia

"'.

VA = blank if radar indicates target total acceleration data is wvalid, otharwvise &

asterigk if invalia

ACCEL MAGNITUDE - target total acceleration magnitude from redar data retatad iate the
referance data coordinate systam (XFCR), target total aseelecetion magaiteds Cres

reference data (REF), and the error between the two. If VA isdicates redar data is
invalid, the XFR and ERROR columns will contain §.0*

ANGLE ERROR - the error between the target total ace: leration vecter frem the reder

:nd.ro!crtnoc data. If VA indicates radar data is invalid, this eslumm will cemtaia
8

FTR G - fighter normal acceleration (g's) as measured on-board

VG = blank if the aircraft indicates g data is valid, otherwise an asterisk beside

each point if invalid

C - indication of radar in coast - N if no, Y if yes

R - indication of radar in reacquisition -~ N if no, Y if yes

FCR - radar range to target

ET - elapsed time from start of run
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TABLE 13 TRACK DutPUT 2

RUN NO. START TIME
TRACK

RUN TYPE

FLIEHT NO.

FLIGHT DATE

LOS XLOS RSLTR LOSACL FTR

ELR

ET

CR FCR

REEEEEREEREEREERESFEEZEREERENFREREREEEREERE X E®
EREREEEERERERRIEIZERSEE I IEE IR P I I X > > 0= > 3=

QQQOQQOQQQOOQQQQQOQQQQQCQOQQQC’ QQQQOQ
l-!v-!'-‘l-‘l-‘—tﬁv-.v-‘ﬁﬂﬁﬁﬁv—!ﬁ-—.ﬁ-‘ﬂ—t—lﬁﬁ—“—‘ﬁ—tﬁﬁﬁ—!ﬂ-—h—h—‘

4 v 8 ® ¢ @

R 54 8 & 4 ¢ 2 8 & 8 & & % 2 s B S s 8 & e s
OO00OOOO0LOOOOOOOOOLOOOOOODOOOOOOROO0

* & & 4 ® 2 & & % 4 % e 3 oa @

.2,

-1

-1
0
1
2
2
3
3.
2.
2
1
]
0
1
1
1
1
0
0
1

- . L] . L] - L ) . - - - - . L] - - . L]

¢ & & & & 5 & 8 & % & % 4 2 % 4 0 » e % 8 3 8 % 5 & * ¢ & ¢t s % & e @
OO0 OLOOOOODOOO0O0OOOOOOOOOOOO0OOOOO
8 8 ¢ & & 8 & & 3 8 A ¥ s S 3 B & 4 & 4og S s aE S s s B 4o s
QOO0 OOOCLOOOOOOOONO0OOODOOOOOOOOOOLOD

- - . . . .« L] LI I J e e @ LI ) L) . . & - LI ) L] s 8 . . . » . L] - .
OO0 OOOOOOO0O0OOOODOOOOOOOOOOOOOOOOOOD
MN\MQU\CDO\MQNU\”U\-—CMFM—GHNLQWNN\MNN\HQNNv—iQQQU\M
NNNN—!-—!—Q-—‘N-—A l l ..-u-.-li Nr-lﬁr-t-—h—.ﬂ-—«-de-cNN—oN
MMM NN ON et P MNUNM et N P D S MNMANPMILN M S N SO W NN N N - O N
.-«-o-c-ccu:-ﬂac:ancooccoocc—qccaoccca-c.-a-—u-ac-—c
L] - L] L] L) - - - - - . T a . - . - LY L] - - - L] . . - - - » - L] L - . L]
[ | ¢t
QDF\@QNN‘\U\'\Q“”NlDU\N\Nv—iOQGF‘Mm@QmQQOOO‘QN@\D@
.rera-armmmmmmmmmmmmmmmmmmmmmmu:u:uoo.pu\mmmmm

'\”OF‘F\G‘ONG‘Q”W@U\N\NQ@OON#U\NQOQ—“—OQQmwwl\w
.
:r:r#mmmmmmmmmmmmmm#emmmmmmmowmvommmmmm
. . . . - . . L . . - - . L] . . . . . . . . . . . . . L] . .
lllllllllllllllllllOIIlHNATTﬂTﬁNTTTT‘
]
mommmaac-—u—c-—cammeol\r\eomcauarmv\eomc—qwma':r#:rmm

lv-ll I lr-;ﬂl-?‘r.-h?-?v-iv—‘l l l l l IH;—‘—-‘NT-—!T#NNNNNNNNNN

Qﬁﬁv—(HNNNN\MMMMN\NNNN"\NNN\P’\MNN!“—N—II—GNNNMNF\
QQQOCQQQQQOQOQOQQQQQQQOQQOQQQQQQQQQO
—4.—4-h-u—c-«-t—c-—u-u-i--4-0.-4-—0-—0-—4--u-w-l-—h-a-h—u-u—u-h—u—h—n—t-—«-h—u—u—d
LI SO R T R I A I R Y I I I I I O | ' ] LI | LI I I A |
mwr\m—-m\u\mr\r\eov\ommuoobo—«n.ﬁ-mnv\wwwr\wmaems

\DN@QNN\U‘NDNI\'\NU\Q‘NF!QQQO\QNM#U\GDNNN&DIAQ‘N\NNN
.
bR i A A S

NN AN N N NINAIANAILA NI UL W0 WD DD WD 1O D W DO WD WD DD WD WD WO
a » LI I 4 L I ] L I I ) L] L ) ¢« & o .« s 2 LI I LI ] . LI L I ] * o .

(=4

(=i ===l L L o = - e T = T = =T = T = Y - T = T Y = T [ =T Y =T = = T - Y ]
WNOWMOWNOWNOWNONOINONONOWINOWNOWNOINOWNOWNGNOINOINGS
- i . - . . L] L] - L] L] . . . . - . L] L] L] . L] L] . L]
MMM MANMN MMM NN AN N P TSI
o=l et =t v vl ol e o ol e el Pl ol e ol el et e gl e o] el el 7 gt e e v el e
UDAE) UDAD WD UD LD LD UD LD WD UD DD LD DD LB DO WD D DD DD (O WD DD D WD WD WD WD
OAWNUNANAWNIALA AW ANAWNLWA LN WALAALA NIAILANLWALA
eyl =t ] ol el e rmed g e el Pl el =l ) el el e 9 e il e P ed 0l e el e ol e o et v el

e ma o

— o~



TABLE 14 TrAcKk OutPuT 3

RUN TYPE

FLIGHT NO. RUN NO. START TINE
TRACK

FLIGHT DATE
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Two means of tabulating track accuracies are shown in tables 135 and 16. Variations can
be made, depending on the radar application and the analyst's prime areas of interest.

Bxplanation of Table 15:

- ANGLE ERROR ANALYSIS - statistical analysis of radar target angular error for low,

. medium apd high LOS angle and LOS rate conditions (as pre~defined in the radar

4 : requirements). ' Bach category has the mumber of points analysed, the mean and standard

: deviation of the errors, interval (the lower and upper bounds of the confidence level
used), ‘and the percéntage of points within dne, two &nd three sigma (to give an
indicution of the wailiaity of the mean and standard deviation calculations--this can
aleo be indicated as skewnass and kurtosis as in Table 16). :

- RANGE ERROK ANALYSIS - statistical analysis of radar target range error at short range
{(less thap a predeterminsd range) and long range (greater than a predetermined range).
Each category has the number of points analyzed, the mean and standard deviation of
the errora (can be in units of feet for short zrange and a percentage of range for long

b range), interval (the lower and upper bounds of the confidence level used), and the

; ! percentage of points within ovne, two and three sigma

t

T

! ~ RELATIVE TARGET VELOCITY VRCTOR -~ statistical analyesis of radar relative target
! velocity vector error for short and long target ranges. Each category has the number
! of points analyzed, the wmean and standard deviation of the magnitude (units of feet
oo per sécond (FPS) at short range and a percentage of range at long range) and angle
! errors, interval (the lower and upper bounds of the confidence level used), and the
C percentage of points within one, two and three sigma
¥ oo ~ TOTAL TARGET ACCELERATION VECTOR - statistical analysis of radar total target :
o acceleration vector error for short and long target ranges. Each category has the i
; nusber of points analysed, the mean and standard deviation of the magnitude (units of
FPS squared at short range and a percentage of range at long range) and angle errors,
interval (the lower and upper bounds of the confidence level used), and the percentage
of points within one, two and three sigma

Explanation of Table 16:
- RANGE - the radar target range error--both in terms of slant range, and the individual
X, Y, and % components. Each category has listed the mean and standard deviation in
; units of feat and in percent of range, interval (the lower and upper bounds of the
! confidence level used), the number of samples, the skewness and kurtosis (to give an
' indication of the validity of the mean and standard deviation calculations)
- ANGLE = the mean and standard deviation of radar target LOS =nole accuracy in units of
mils, interval (the lower and upper bounds of the confidence level used), the number
of samples, the skewness and kurtosis. The two letters in the LOS column (ML, HL and
HM) are for the various categories of maneuvers, with the first letter indicating the
angle and the second the rate (i.e., ML is medium LOS angle and low LOS rate, HL is
high LOS angle and low ULOS rate, and HM is high LOS angle and medium 108 rate)
- ELEVATION - the elevation component of the ANGLE accuracy, with the same type of data
as for ANGLE
= AZIMUTH -~ the azimuth component of the ANGLE accuracy, with the same type of data as
for ANCLE
~ RANGE RATE -~ the mean and standard deviation (in units of FPS) of the radar target
range rate, interval (the lower and upper bounds of the confidence level used), the
number of samples, the skewness and kurtosis
- VELOCITY =~ the overall magnitude and the individual X, Y, and & components of the
radar target velocity error. Each category has listed the mean and standard deviation
in units of feet per second and in percent of velocity, interval (the lower and upper
bounds of the confidence level used), the number of samples, the skewness and kurtosis
~ ACCELERATION - the radar target acceleration error--both in terms of the magnitude and
the individual X, Y, and & components. Each category has listed the mean and standard
: deviation in units of fest per second squared and in percent of acceleration, interval :
. (the lower and upper bounds of the confidence level used), the number of samples, the !
skewness and kurtosis
~ HEADING -~ the mesan and standard deviation of the radar target heading error in
degrees, interval (the 1lower and upper bounds of the confidence 1level used), the
number of samples, the skewness and kurtosis
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Tyrically, plots of acquisition and track data are made of each parameter {(such as range

ofrer) versus elapesd time (of the track run) and versus target range. Both are helpful

in anslysis ~ elapeed time to note when significant events occurred (such as designate,

ooast, Teaoquisition, or setart and end of ECM), and range to note any affects on the

erTors with regpect to target range. Radar track data normally plotted includes:

of a/a track range, range rate, acceleration, angle, elevation, asimuth and

heading. Pigure 3 is a typical pilot -track aequisition time analysis and Figure 6 is
» typical plot for track agcuracy mmu. ,

Explanation of Pigure 5:

= The plot time starts at the time of pilot designate (commonding lock-om)

- N‘o errels Aare plotied oan the uppar half - range error and range rate error versus
time

= The lower portion of the plot indicates events. In this case, the first line (DESIG)
indicates designatse has ooturrad, the second line (REACQ) indicates the radar is not
in restoquisicica, and the third 1ine (COALT) indicates the radar is not in coast

= The fourth thtough sixth lines are to amalyse time to stable track. All three are set
UWp 00 that the line will iadicate when that error (IC for range error, LlO8SC for 108
angle eryor and MAC for range rate error) is within the two sigma value of its steady-
state m sequirement. Since time 0 stadble track can be defined as wvhen all
thres of theee paremeters are within two sigma, this plot will then show when that

Explanation of Figure 6

= The plot time starts at the time of pilot designate (commanding lock-on)

- a::. errors Aare plotted on the upper hal? -~ range error and range rate error versus

= The lower portion of the plot isdicates events. In this case, the first line (ENTER)
shows wvher the radar entered track (the circled dot), the second 1line (DESIG)
indicates when designate occurred (the circled dot), the third line (REACQ) indicates
the radar is 2ot in reacquisition, and the fourth line (COAST) indicates the radar is
not in coast. The last four linea can bz used to indicate any other significant
Ivents, as agplicabdle.

\
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TRACK ACCURACY
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some track analysis results do not require unique tabular or plot formats, but can be
organised and presented as the author sees fit or customer desires. Typically, tracking
resulte (both DTAR and OTAB) could be tabulated to show:

- Maximum lock-um range (for both manual and automatic acquisition)

- Time to stable track (for both mahual and autematic acquisition)

- Nanual acquisition ability (sueh ae in a 2v2 engagement) - the pilot's adbility to lock
on to the assigned target. The result oould be expressed in terme of percentage of
times the pilot caused the radar to 1ock om to the ocorrect target, but is aleo highly
subjective with respect to the sase and utility of doing s0

« Prequency of successful lock-ohs = the percent of successful lock-ons (not false) out
of the total mmber of lock-on att 8. A oriteria should be estadblished wvhen ¢o
have the pilot attempt a lock-on such ast wvhea three oOr more target detections have
been displayed

= Percent of successful tracks, i.e., radar d4id not break look

Percent of time auto acquisition locked on to the correet target in a multiple target

eavirocament

= Angle at which track tranafer occurred when in STT in a multiple target crossing
maneuver

Track analysis for TWS will generally use the same (or slightly modified) accuracy
analysis methods and formats as previously described for single target detectiom,
acquisition and track. Some additional analysis will include the automatic lock-on
fales alarm rate (the radar falsely declared a target was present based on incorrectly
correlating detections, and started tracking it), target maximum detection range, track
file initiation range, maximum lock-on range, and acquieition time.

9 REPORTIMNG

This eection contains a brief description of what the reporting requirements should be
for a/a radar flight testing. Report requirements can include status reports made
throughout the teet program, service reports to formally identify performance anomalies,
and final reports which present an overall svaluation of the radar system performsance.
The report requirements (what the test “"customer" wants to see) should be the starting
point for test planning, and will often dictate the course of the entire test program.
The final report ocan be used to vide information to help desi the aircraft or
weapons simulator, provide information on system performanca, deficiencies and suggested
improvements, and Dbe an historical document for comparisons with future test programs.
NMuch of the discussion in the many reviews of a report before it is distributed centers
around the reviewers' perception of the reader's technical level and for what purpose
the information will be used (e.9., to design a simulator, to mike producticn decisions,
or for further ressarch and development). A good test program will have ths report
format and methodology prepared before the start of the test program, often in a printed
guide, as well as a defined timetadble for preparation and approval. This should also
include a proposed distribution list, again in order to better target the report to the
appropriate readers. Proper emphasis should be put on the necessity of a final report,
since the urge often exists to reassign the flight teat personnel at the snd of the
testing, before an adequate report is prepared. Typically, DTLE and OT&E reports will
be published separately, due to the major differences in test objectives, methods, and
results. It is essential that the report give a balanced overview of radar system
performance, as there is a natural tendency to focus on the details of problem areas.
While detailed coverage of problems is necessary to help the decision process for fixing
or accepting them, the report should give an overview which smphasizes the positive
features as well as any negative ones.

Substantive quick look reports to verify the validity of the data obtained should be
required shortly after each miseion or maxjor test event. These reports can provide
timely feedback regarding qualitative system perforaance, and quantitative
instrumentation performance to avoid testing with instrumentation problems. Timely and
effective feedback is required to permit assessment of test progress and diagnosis of
system problems in order to provide the customer with the most :urrent and accurate
information possible.  Quick look and status reports should be constructed so as not to
present only a small portion of the testing out of context, but should provide the
correct audience with test status and results that are put in the proper context of the
stage of radar system develorment or maturity.

Careful tracking of radar performance anomalies is extremely important throughout the
entire test program. Initial indications of ancmalies (sometimes called watch items)
can be kept in a data base in order to help determine if it was a cne-time occurrence,
or if there is a pattern or tread developing. This data base (as further explained in
section 3.7) ocan be very useful to recall information in order to write a eervice
report, and can aleo bs used to track and prioritize proposed fizes. Service ts
{(aleo ocalled deficiency reports, avionics probleam reports or asoftware deficiency
reports) serve to formally identify, evaluate and track system deficiencies which may
adversely impact the performance capabllity or operational suitabilit and
suppertability of the radar system. Barly ideatification of these deficiencies is very

tant.  This allows decisions on fixes to be made and any corredations to be tested
prior to program decision milestones. Both watch items and service reports can be
written whethor the anomaly is in the hardware or software. In fact, the source or
Cause may not be apparent wvhan the ancmaly im detected and the service report written.
Service reports ocan be categorized with respect to the urgency of needed ocorrective
action and with respect to safety impacts. Typically, the radar flight test engineers




will danitiate serviee n!oru. vhereas the program sanagencit agency will conduct the
teporting program and will direct the radar system designer to correat the problem as

« Orge a correction has bheen made, the designer will explain it and ite impact
t0 the testers, and the testers will thea plan and conduct tests to verify the len
has bean ocorrected and the solution haw not adversely affected other radar es or
ocapabilities. A ypical mervice report should sddrees:

« Dotailed description of what h od

= Debeription of what radar functions or modes are affected

- ™e opniue part numbers or uoftware release nusber (to include any software
“patches”®

- Ag; resultant test restrictions which should be imposed until a resoclution is found

- AnYy ouggestions on how to correct the anomaly (this is optiocmal and usually requires
oonsiderable xnowledge of the syvtem design)

Atgor the service report is processed, it should then contain:

« An explanation of why the anomaly occurred

= Rosulution (either a detailed dascription of the ocorrective action taken and the
verification completed, or an explanation of why no action was taken)

- Recommendations for further testing, as applicable (ladb, ground oxr flight)

= Closing status (whether now closed, or to be closed pending further actiom)

Any Tedar tast restrictions ed as & result of a service report (such as not using a
particular mode or capability) should be part of the preflight briefings and annotated
on the run cards for any hardware/software configuration to which it pertains.

A typical a/a radar final report should include the following subjects (not necessarily
in the exact order shown):

Preface: relationship of this report to other reporte and other work in progress
Executive Summary: a summary of the report with a brief description of the objectives,
testing accomplished, oconclusions and recommendations
Table of Conteants
List of Illustratioans
List of Tables
Introduction
- Background: historical information such as: if other applicable tests preceded
this one, why this test program wvas accomplished, wvho asked for it, authorised it
and directed it
- General: which test plan(s) are covered by this report, who were the teat
participants, wvhat test phases vere accomplished, tests planned versus actual
tests accomplished, total missions flown, significant milestones, critical issues
and questions
- Test Objectives: whether objectives were completed and if not, why not
- Test Limitations: any limitations which precluded testing
- Test Item Dascription: brief description of the vahicle which carried the tested
radar system, brief description of the tested radar including the configurations
used (refar to an appendix for a detailed description), brief description of the
instrumentation system (refer to a reference document or an appendix for a
detailed description)
- Test and Evaluation (usually covered by mode, 1.e., one subsection per mode with sach
subsection including):
= Specific Test Objective(a)
- Node Description (brief)
- Test Description: how the mode was tested, vhat was done, how data was obtained
= Test Results: seummaries of mode pexfarmance (refer to an appendix for rua-by=-rum
data, if necessary to be in the report at all): wvhat worked and what 4id not;
findings and amalysis of the findingss presentations of summary tadbles, charts,
plots and pictures as applicable; include not just final results, but also
contfidence levels and tolerances involved in the data; draw conclusions and make
recommandations as appropriate; discuss need for further testing (if required);
reference applicable ssrvice reports
= Conclusions and Necommendations: ocompilation of all signifiocant ooncluaions iand
rescumsadations made in the body of the report
- Referenees: pplicable documents such as the Required Operational Capadbility, the
sireraft flight mamual, the system specification or design requirements and
objectives, any temporary operating limitations, the configuration description, and
any ogther la?npuau technical publicacions or other published reports
= Appendices (may oontain some or all of the following, as necessary depending on
custemer desires and readers being addressed):
= Datalled Radar Desoription and Configuration Summary
- Instrumentation System Description
= Cockpit Controls and Displays
- mt‘v;ouiu :
= Sortie/Mission Summary
- Data Reduction Netheds
- Detailed Test Nesults and Data
- Summaries of Service Deports
= List of Abbreviations and Symbols
« Distribution List




T™he more automated the radar status tracking and data mlrn systems are, the wmore
automated the repors preparation ocan be. Por emample, £ the analyais routines can
prosess wmaltiple runs multiple flights and cutput summary data in a reporteready
., much time will be saved wvhen it comes time to prepare the final report. An
operational final report ocan aleo contain test results with respect to the intended
operational environment, and recommend improvements (as applicable) by addressing
benefits versus cost. Some results may be stated in different terme--such as ooncluding
that a radar mode is effective inside a particular range and asimuth combination, and ies
not usable outside this combination. An operational report is not only required to
provide iaformation for ram decieions, bDut should also be readable by the typical
operational pilot to allow him to get the best possible performance from the system.

10. COPIDEMATIONS POR THE FUTURE

Thie esaction is an estimate of the impacts on future a/a radar flight testing as a
result of radar and weapons systems advances. It is not an in-depth survey of all
possible future radar tochnolgqlu. These advances may be the result of specific pre-
planned product improvement (P°1) programs or technology advances such as in the area of
increased redar digital system memory and processing speeds. One of the problems that
can surfsce is the radar system (especially the processing mewory and bility) may
not have been sized in the original desigm to readily accept improvements (whether pre-
planned or not). This oan necessitate subetantial retest or additiocnal tests (o ensure
the nev implementation (vhich may have been accomplished using shortcuts to “squeese in*
the ochanges or vements) has not adversely affected the eantire radar asystem
operation. The topics ruuntod ia this section are not in chronological order nor are
:hoy prlort:uod. since it is difficult to predioct when and on what aystems they will be
ncorporated.

The next generation of a/a radars will probably have all solid-state electronically-
scanned phased-array antennas containing anywvhere from 1,880 to 3,000 individual active
elements. These elements would sach be an active aperture with a low-noise amplifier,
and would combine transait/receive, phase shifters and antenna all in one unit. A9 a
part of the substantial improvements in reliability and maintainability, this type of
radar design will aleso result in graceful degradation of radar system performance (i.e.,
a aumber of elements can fail while the radar remains fully capable, and failure of even
more elements will not necessarily render the radar inoperable, but will only decrease
performance). Graceful degradation will require even greater and more in-depth
instrumentation capabilities in order to measure the remaining radar performance, and to
deternine wvhat elements have failed. Graceful degradation will also impose requirements
to identify to the crew current in-flight radar capabilities through ST/BIT, and may
::\::: changes in the wvay faults are detected, reported, isolated and corracted after the
| 39

Another future a/u radar implementation will have a single shared aperture (multi-
function array) for multiple sensors such as radar, electronic support aeasures,
electronic countermeasures, IPF and communications systems. This sharing may have to be
linited over asome narrow parameters, but will surely increase the possibilities of
electromagnetic interference when more than one system is in operation eimultaneocusly.
Testing will require providing more complex stimulus (such as a threat to cause the BCN
system to respornd) during radar asystea test conditions in order to be able to
realistically measure radar performance. The single aperture configuration will likely
give way to multiple conformal antennas shared with multiple avionics systems, mounted
at many locations around the aircraft to give up to 368-degree visibility. This will
naturally vastly increase the amount of flight time required to check radar performance
as comparad to that now required for the typical curreat radar coverage of 128 degrees.
Many more multiple target scenarios will be required, since the radar processing to
detect and acquire multiple targets at all azimuths will be highly exercised. If the
raday is composed of wmultiple phased array antennas, its ability to track while
transitioning among the multiple antennas in aaimuth and elevation will need to be
;:a:unod. as well as its track accuracies at different angles with respect to the
ghter.

Bistatic a/a radar systems will require a larger test arena since the transmitter and
receiver are no longer collocated. Also, the ICS of the target is harder to determine
and ocontrocl in a bistatic situation, and may need to be muasured prior to use. It also
My Dbe more difficult to extrapolate the test results to obtain estimated performance
versus an actual threat, depending on the complexity of the target and threat shapes. A
millimeter wave a/a radar system will most likely be a cued system (receive target
pointing ocommands from snother om-board or external source) since it will likely have a
narrower field of view, and a narrow beam. Since it will also be of smaller physical
sise, it may be located at other than typical current aircraft radar iastallations, and
there may be multiple radar systems installed on one aircraft. This multiple asimuth
visibiliiy will impose changes in test methode as previcusly described for the multiple
conformal arrays.

Advances in eystem processing oan result in the capability of a single radar eystem
having 30 or sore radar operating modes, with the likelihocod that modes will begin
overlapping. Required data rates, word size, and processing speeds will aleo grow.
Higher resolution and faster analog-to-digital converters will increase potential radar
range resolution as well as distant target detection. Programmable signmal processors
employing very 1la scale integrated circuits will be incorporated, as well as an
expert system to aid in the target detection and tracking processes. Automatic mode
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interleavi and eimiltanecus multi-mode functions (such as interleaving a/a and a/g
modes fcr ntuttoﬂx swareneéss) may decrease pilot workload, but may rsquire an expert
tam to dynamically determine which modes will be interleaved depending on the combat
situation. The expert system may not only select the radar wode(s), but may well very
tha displayed radar data or formats depending on the situation as there may be too much
data for an individual pilot to try to assimilate. The radar may also be mechanized to
take pointing commands from other on~-board sensors (or data linhed from external esources
such a8 other fighters or interceptors, airborne or ground-based carly warning systewms)
and then reshape the beam or change scan patterns accordingly. The radar data may bde
integrated with a digitally generated mtnz map display, o.d may be ocontrollable by
interactive voice commands. The advancee in radar modes n-{ aleo cause development of
common modes among variocus aircraft, theredby minimiaing duplication of development and
evaluation effort. Thia could result in more generic hardware and software, commonality
among test plans, instrumentation, data processing and analysies methode and systenms.

Mew dvionics systems will make use of sensor integration (also referred to as data
fusion) which is the combination of data from several sensors such as threat warning,
2ptiocal and infrared with radar data to help detect and identify the target. This will
require a targat which is more representative of the threat in all areas such as ICS,
scintillation characteristice, infrared spectrum, target signal emanations, jet engine
modulation, and maneuvering performance. Future threats will likely be substantially
lower in KC8, necessitating the targets used for radar testing aleo have a lower RCS,
since extrapolation techniques may not be valid in the look-down situation where the low
2C8 target is ocompeting with the clutter return. This may add a requirement to
ocalibrate the targets in advance of testing to ensure they are fully representative and
have coneistent characteristics.

Puture radars will have the means to automatically reconfigure themselves using expert
systems and artificial intelligence architectures to change radar parameters to cCope
with the situation, or to work around system failures. Yailures can be dealt with
through the use of sultiple processors which can take over for each other, thereby
providing little or no degradation in system performsance. This will also result in
improved aystem reliability, maintainability, and availability. This sharing of
multiple proceasors can then be applied to the full aircraft avionice suite, reducing
the overall mean time Dbetween failures of the suite Dby reconfigurability through
resource sharing of the system elements. If the individual systems, such as radar,
electro-optic sensor, and threat warning are integrated, a monitor unit could assess the
status of all subsystems and reconfigure them accordingly in response to one or wmore
subsystem failures. This reconfiguration capability among several cubsystems will place
further demands on the flight testing of degraded and backup modes, as well as
complicate the instrumentation requirements, since the sources and destinations of data
will change vhenever the system reconfigures.

The incorporation of expert systems, data fusion and radar system and aircraft avionics
suite real-time reconfigurability will substantially impact the environment required for
radar testing. A much more complex ground teat lab and flight test environment will be
required to exercise radar variables such as: 1) automatic mode changing, 2)
interleaving of modes, 3) Aynamically changing radar parameters (such as scan volume,
scan rate, PRF, clutter processing, target detection and tracking) depending on the type
of mission (such as interception, point area defense, or a/g)., 4¢) complex clutter, 5)
weather effects, and 6) the presence of an electromagnetic pulse or BCM. This may have
to include an on-board simulation to inject part of the environment into the radar
system in flight to augment the actual limited flight test environment. The wore
automated radar systems that can rapidly change modes or radar parameters may be more
difficult to test since they may have to be artificially constrained to not allow the
system to change these variables. For example, a DT&E a/a detection test condition may
be invalid if the radar were to vary operating parameters in mid-run, wvhereas OTLE type
test conditions would want to allow the radar to change. Not only will an environment
dependent radar system increase the OT&E test requirements, it could mean that the OT&E
tests may obtain significantly different radar performance test results. A radar system
with a/a and a/g mode interleaving capability may require two sets of DT&E detection
test conditions--one with the radar constrained to only a/a, and the other repeated
under the same conditions but wode interleaved to determine any performance differences.
Considerable flight testing may be required to optimize the reconfiguration algorithms
with respect to the many possible operating environments and ecenarios which, unless
given careful consideration, could lead to enormous flight test matrices. A portion of
this algorithm optimization could be performed in a ground lab, as long as the
;nvttonmt simulations are upgraded to effectively simulate the many environment
actors.

et

In addition to the test environment impacts on radar test ranges, improvements in a/a
radar perfornance (such as increaced detection range, greater tracking accuracies, and
multiple aszimuth visibility up to 368 degrees) are often outpacing improvements in the
capabilities of the range reference systems against which the radar is compared to
measurs system performance. Paference data seystems for radar testing need to be
improved to track the radar-equipped and target aircraft at longer ranges and in larger
test arenas, track wmore airborne targets simultanecusly (to include during high rate
maneuvers) and track ground moving targets in the presence of clutter and ECN.

As threat ECN capabilities bescome wore agile and sophisticated, &a/a radar system ECCM
methods will have to improve, requiring more sophisticated thrsat simulators in the lab
and in flight. Multiple ECM sources will be required, especially in the case of the
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previously discussed multiple array Jé8-degree coverags radar systems. Test matrices

will grow since there will likely be a greater aumber of BCCHM test conditions to compare

with radar performance in a non-ECM environment. This will be further complicated by

:&.du node interleaving, aid could require multiple simultansous a/a and a/g mode thrsat
systems.

Future airoraft will have increasingly sophisticated cockpits with systems such as:
three=-dinensional wound and holographic displays, voice and vision activation of
systems, rapid roconugunuon of ocockpit controls and displays, pilot state momitoring,
and & helmet-mounted display. The a/a radar display will be a oolor display (as opposed
to the current monoChrome duguy‘) vhich will allow improvements in Tthighlightin
important data such as: BECM, higher priority targets in TS, and on aircraft detect

targets versus those received via data link from other scurces. These developments will
cequire improvements and whole nev methods of recording radar informatiun for later
analysis, ranging from the addition of color video recorders to a means of reproducing

holographic displays.

The incorporation of color multifunction displays and the increases in aystem
computational rnot and memory, can aleo be used to improve test efficiency by adding
on=board MPD-displayed run cards. An NFD could be devoted to displaying the required
teat condition to avoid the use of manual run ce~de. It could aleso display test
condition limits and warnings. and highlight or announce vhen these limits are about to
be exceeded. This may e SR expert system to dynamically deteraine wvhat the limits
should be, and it may be able to include target limits as perceived by the radar system.
™e test conditions and associated limite should not have to be manually entered, but
could be done 80 via test input cartridges or some other means of rapid information
transfer to the on-board avionics system.

Radara may include an in-flight training mode which will require exercising and testing
this mode for realism and validity during the radar test program. For example, this
mode could present combinations of simulated targets and ECM, and then evaluate the
pilot's ability to determine the presence of a target and lock on to it. This training
mode may even include simulated data from other on-board sensors, and may integrate the
radar with on-hoard weapons to the point of simulating launch conditions. The a/a radar
flight test program will need to duplicate the training mode conditions in f£light ¢to
ensure the training mode is correctly designed to indicate and respond to the simulated
situation in the same manner as the “real thing."
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