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EXECUTIVE SUMMARY

This test plan specifies the effort required to perform field and
flight testing of the Microwave Landing System (MLS) Precision
Distance Measuring Equipment (DME/P) interrogators. The
interrogators being delivered must meet all specifications given in
Contract DTRS-57-87-R-00048. Government verification of compliance
will take place at the Volpe National Transportation Center (VNTSC)
and at the Federal Aviation Administration (FAA) Technical Center.




1., INTRODUCTION.

This test plan outliines the Test and Evaluation (T&E) process, and
details the field T&E needed to support the Precision Distance
Measuring Equipment (DME/P) interrogator procurement. Contract
DTRS-57-87~R-00048 was awarded to ELTA Electronics Ltd., a
subsidiary of Israel Aircraft Industries Ltd. (IAI). 1In Phase I of
the procurement, ELTA Electronics Ltd. is required to design and
fabricate two manufacturable prototype airborne interrogators.
These interrogators must provide the features, characteristics, and
operational performance specified in the contract. Government
testing must verify compliance before Phase II, an additional
purchase of up to 20 interrogators, can begin.

Government verification of compliance with specified requirements
will occur in two phases. Laboratory testing will occur at the
Volpe National Transportation Systems Center (VNTSC) in Cambridge,
Massachusetts. Field testing will occur at the Federal Aviation
Administration (FAA) Technical Center, Atlantic City International
Airport, New Jersey.

2. T&E PHITOSOPHY.

2.1 MISSION.

DME/P provides the precision range function to complement the
azimuth and elevation guidance for precision approach and landing
for all types of aircraft throughout the Microwave Landing System
(MLS) coverage volume.

2.2 SYSTEM DESCRIPTION.

DME system operation begins when an interrogator transmits a coded
pulse pair to a selected ground station. The ground station
receives this interrogation and, after a specific delay time,
returns a coded pulse pair. The reply is received by the
interrogator, and its arrival time is stored. The interrogator
calculates the two~way transmission delay by subtracting the
interrogation time from the reply arrival time. The transmission
delay is converted to range.

DME/P system design has evolved from the existing international
L-band DME system described above. The major functional difference
between the two systems is that DME/P has two modes of operation:
initial approach (IA) and final approach (FA). It operates as a
conventional DME in IA mode. FA mode is available when a DME/P
interrogator sends precision interrogations to a DME/P ground
station. This mode provides improved accuracy in the final
approach area.

2.3 REQUIRED OPERATIONAL CHARACTERISTICS.

The MLS DME/P interrogator is intended to be fully compatible with
existing Narrow Band Distance Measuring Equipment (DME/N) ground
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facilities and with existing and future DME/P ground facilities.
In IA mode, the DME/P interrogator operates as other conventional
interrogators. IA mode is active when the DME/P interrogator is
used in conjunction with a DME/N ground station, or with a DME/P
ground station at a range greater than 8 nautical miles (nmi).
System accuracy will be equivalent or better than that of DME/N.

When a DME/P interrogator is operating with a DME/P ground station,
within a distance of 8 nmi, the interrogator begins transmitting
precision mode interrogations, as well as conventional
interrogations. If the ground station replies to the precision
interrogations, the interrogator will switch into FA mode. This
mode 1is characterized by the following innovations over DME/N
techniques:

a. Interrogation rate is increased from 16 to 40 times per
second.

b. Interrogation pulse shape is a fast rise time cos/cos?
envelope compatible with ICAO Annex 10 spectrum requirements.

c. Receiver bandwidth was increased to accept fast rise time
pulses from the ground station.

d. A low 1level pulse detection technique is used to
discriminate against short delay ground-to-air multipath signals.

e. A high speed range counter is used for greater resolution
of transmission and arrival times.

2.4 REQUIRED TECHNICAI, CHARACTERISTICS.

Prototype airborne interrogators must provide the features,
characteristics, and operational performance specified in RTCA/DO-
189, "Minimum Operational Performance Standards (MOPS) for Airborne
Interrcgator DME Operation Within the Radio Frequency of 960-1215
Megahertz", September 1985. The design will also comply with
requirements specified in Attachment J.1., "Specification & Figures
for DME/P,N Airborne Interrogator with NAV set controller",
November 1986.

2.4.) Specific Field Test Technical Requirements.

System accuracy specifications for DME/P are defined in specific
areas of the MLS coverage volume. They are defined in terms of
particular signal qualities, Path Following Error (PFE) and Control
Motion Noise (CMN). They are also defined for the mode in which
the DME/P is operating, IA or FA. The required system accuracy
specifications for DME/P are given in Microwave Landing System
(MLS) Interoperability and Performance Requirements, paragraph
3.5.4. Interrogator accuracy specifications are given in Minimum
Operational Performance Standards (MOPS) for Airborne Interrogator




Distance Measuring Equipment (DME) Operation within the Radio
Frequency of 960-1215 Megahertz, paragraphs 2.2 and 2.3, and are
included below.

2.4.1.1 DME/N.

Total airborne error shalli not exceed, on a 95 percent probability
basis, 0.17 nmi, (315 meters (m)).

2.4.1.2 DME/P.

PFE and CMN shall not exceed the following limits with a 95 percent
probability:

FA mode
PFE +15 m (x50 feet)
CMN 310 m (433 feet)

IA mode
PFE +30 m (100 feet)
CMN 15 m (50 feet)

3. T&E APPROACH AND CONCEPT.
3.1 ACTORY ACCEPTANCE TESTING.

Factory acceptance testing will demonstrate limited operation of
the interrogator. The testing will occur at the ELTA Electronics
Ltd. facility in Ashod, Israel.

3.2 TLABORATORY ACCEPTANCE TESTING.

Laboratory testing will establish baseline operation of the
interrogator with simulated ground stations under normal
conditions, under adverse signal environments, and with various air
traffic loading conditions. The testing will occur at the VNTSC
facility in Cambridge, MA.

3.3 FIELD TESTING.

Field testing will verify static and dynamic accuracy of the
interrogator. Interoperability with installed MLS ground
equipment, as well as with conventional DME/N facilities, will be
demonstrated. The testinag will occur at the FAA Technical Center
facility. Field testing will include ground and flight testing.

3.3.1 Ground Testing.

Static range accuracy of the ELTA Electronics Ltd. EL/K 7200
DME/P-N will be tested at various surveyed points on and around the
FAA Technical Center. The selected points will include, but not be
limited to, MLS test points A6 and Al of each MLS system, as
defined in the "Manual on Testing Radio Navigation Aids, Volume
III, Microwave Landing System (MLS)." The data will be collected
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in an instrumented test vehicle equipped with a 50-foot telescoping
mast. The test vehicle's mast with the attached transponder
antenna will be positioned over a precisely surveyed point. The
mast will be raised up to 9 heights ranging from 10 to 50 feet
above the point. A large sample of full rate digital data from the
interrogator will be recorded at each point. A diagram of the MLS
van configuration is included as figure 1, section 10, in the
previously referenced manual.

The data will be collected and recorded using a computer equipped
with an ARINC 429 interface. Data content and output rates are
included in appendix A, and will include filtered and raw precision
range, range rate, and signal strength. Mean and standard
deviation values will be computed, as well as plots of the range
error versus position.

Throughout ground testing, detected video will be observed using a
digitizing oscilloscope and a spectrum analyzer. Representative
video will be collected and stored for correlation with collected
digital data. Interrogator performance will be tested in areas
where multipath is detected.

3.3.2 Flight Testing.

Dynamic range accuracy of the DME/P system will be validated by
flight test data collected in FAA aircraft. During flight trials,
the aircraft will be tracked by NIKE radar, Laser, and an FAA-built
Single Point Optical Ranging Tracker (SPORT). The SPORT
incorporates an independent C-band ranging device. Tracker data
will be merged to produce a reference position. The tracked
reference position will be compared to the collected data to
produce PFE and CMN plots. Tracker accuracies are included in
appendix B. Performance will be compared to accuracies specified
in FAA-STD-022d.

Throughout flight testing, detected video will be observed. Any
anomalies will be noted on the flight logs for correlation with
digital data.

Interoperability of DME/N with DME/P will be tested during flight
tests. Data from the DME/P will be collected while the
interrogator is tuned to the field en route DME/N. These data will
be compared to required DME/N accuracies.

Flight profiles necessary to evaluate operation of the interrogator
include centerline approaches, constant altitude radial approaches,
constant altitude partial orbits, full orbits, and curved
procedures. The estimated time required to complete the flight
testing will be 15 flight hours. This estimate is based on 5 hours
for approaches, 6 hours for partial orbits, and 4 hours for the
remaining full orbits or curved approaches. A minimum of three of
each of the following runs described below will be flown:




a. Approaches

Run # Azimuth Angle Elevation Angle
1 0° Minimum glide path
2 0° 3.0°
3 o° 6.0°

(Approach procedures shall be flown inbound for 20 nmi and
terminated at the MLS datum point.)

b. Radial Approaches

Run_# Azimuth Angle Altitude (Feet)
1 +38° 3000
2 0° 3000
3 -38° 3000

(Radial procedures will be flown inbound from 20 nmi at a specified
altitude, and terminated just outside the MLS coverage volume.)

c. Partial Orbits

Elevation Altitude Distance From MLS

Run Angle (Feet) Datum Point (nmi)
1 Minimum glide path 5
2 3.0° 1592 5
3 2.0° 2122 10
4 5.0° 5320 10
5 0.9° 1909 20

(Partial orbit procedures will be flown clockwise and counter
clockwise through the MLS coverage volume.)

d. Full orbit

A 20 nmi full orbit will be flown at an elevation angle of 5
degrees. The purpose of interrogator data collection during
an orbit procedure is to observe performance while the aircraft
in maneuvering. Orbit testing may be eliminated if curved
flightpath testing is performed.

e. Curved Flightpath to Landing

The contract calls for curved flight approaches to be

flown from beyond the coverage volume (greater than 22

nmi) starting at an altitude of 3000 feet to various landing
radials. This testing will be done pending availability of
necessary equipment during flight testing.




4. T&E _FLOW DIAGRAM.

Figure 1 1indicates the sequence of testing. The subject
interrogators must pass each category of testing before proceeding
for subsequent evaluation. Initial laboratory tests will be used
to verify basic functions. Laboratory and field testing will
simultaneously verify other modes of operation. The interrogator
may be returned to the factory for modification if necessary.
Final acceptance will occur only when all testing has been
successfully completed.

Factory
Acceptance
Testing
(ELTA 1Ltd.)
1
1
4
1
Initial
Laboratory
Testing
(VNTSC)
f ! ! f
Field L——— Full
Testing “« Laboratory
Ground Tests Testing
(FAR) (VNTSC)
1 t i
1
‘Field
Testing
Flight Tests
(FAA)
i Acceptance
L For
Phase II

FIGURE 1. T&E FLOW DIAGRAM




. O IONAL ROLES AND RESPONS ES.
2.1 VNTSC.

VNTSC 1is responsible for coordination of all contractual
requirements with ELTA Electronics Ltd., coordination of test
activities with the FAA Technical Center, and coordination of
writing the final report. VNTSC is responsible for the laboratory
test plan and laboratory testing.

5.2 FAA TECHNICAL CENTER.

The Airborne Systems Technology Branch, ACD-330, will write the
field test plan and coordinate activities at the FAA Technical
Center. They will provide the ground test vehicle, test personnel,
recorders, and will wire the test pallet for the airborne
interrogator. They will <collect and reduce data, merge
interrogator data with tracker data, and produce range error plots.
They will operate and provide data from the SPORT. They will write
a field test report to pe combined into the final report.

The Flight Test Branch, ACN-360, will provide the aircraft, flight
crew, and flight coordination.

The Range Engineering and Analysis Branch, ACN-380, will calibrate
and operate the Laser tracker and the NIKE radar, and provide data
tapes of tracker data.

5.3 ELTA ELECTRONICS LTD.

ELTA Electronics Ltd. will design, test, and deliver the
interrogators for test. They will also build a ground test pallet
to be delivered with the interrogators. At least 60 days prior to
field tests, ELTA Electronics Ltd. will provide mating connectors
for the aircraft installation, along with identification of pins.
ELTA Electronics Ltd. is responsible for the factory acceptance
test plan.

6. OPERATING AND CONTROL DOCUMENTS.

6.1 GROUND DATA COLLECTION IOG.

Figure 2 illustrates a page from the DME/P Data Collection Log.

6.2 ATRBORNE DATA COLLECTION LOG.

Figure 3 is a depiction of the DME/P Airborne Data Collection Log.




DME/P Ground Data Collection Log

Date /__/__
Data Technician Interrogator S/N
Observers Ground System
SURVEY SURVEY MAST SLANT DME/P START STOP
POINT DISTANCE HEIGHT DISTANCE RANGE ERROR DATA TIME TIME

It

———

Figure 2. DME/P Ground Data Collection Log




DME/P Airborne Data Collection Log

Date /_/__ Flight
Subject Pilot Data Technician
Safety Pilot Observers
Tracking: Laser
NIKE Interrogator S/N
Sport Ground System
START STOP
TAPE # RUN # DESCRIPTION AND COMMENTS TIME TIME

.

Figure 3. DME/P Ground Data Collection Log




7. _INSTRUMENTATION.
7.1 GROUND TEST VEHICLE CONFIGURATION.

Ground test data will be collected in an instrumented test vehicle
equipped with a 50 foot telescoping mast, as shown in figure 4.
Data will be collected using a standard IBM compatible workstation
containing an ARINC 429 monitor. Data will be stored on the
computer’'s hard disk and archived on floppy diskettes.

t Interrogations/Replies

Dual Directional

Coupler EL/K 7200
DME/P-N Digital IBM
1 I — Compatible
E - Data with ARINC
{ $ 429 Card
Interrogations
i Receiver
L] RF Switch 4 Video
Replies Remote t
Commands
f and Data
Spectrum Digitizing
Analyzer Oscilloscope
HP 8591 Tektronics 7603
i I
f Data j Data

General Purpose Input/Output Interface

FIGURE 4. GROUND TEST VEHICLE CONFIGURATION

7.2 FLIGHT TEST CONFIGURATION.

The flight test vehicle will be an instrumented Convair 580.
Standard DME antenna configurations, as well as necessary power,
are available on the aircraft.

Flight test data will be collected using an FAA-built airborne
computer. The computer is based on a Motorola 68030 16 MHz
microprocessor. Two custom cards interface up to 10 ARINC 429
channels, 4 synchro channels, 16 analog channels, and 32 discrete
inputs. A third card provides a 1553 interface capable of
monitoring or controlling a 1553 bus system. Collected data will
be stored and archived on 44 megabyte tape cartridges.
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8. DATA ANALVSIS.

DME/P signal quality is defined in terms of the PFE and CMN. These
components of the signal are referred to in the DME/P
specifications. Standard filters are used on raw data so these
qualities can be separated and measured.

8.1 GROUND TEST DATA.

Each large sample of data recorded will be reduced to a mean and
standard deviation value. The range error is defined as the
difference between the interrogator range data output and the true
range, as measured by the survey data. Range errors at each point
will be plotted to ensure satisfactory system performance prior to
flight tests.

8.2 FLIGHT TEST DATA.

Full rate data from the interrogator will be collected during
flight testing. These data include all data words described in
appendix A. All data words will be time tagged as they are output
and stored for post-processing. All flight data will be time
merged with the tracker data using existing software. The dynamic
range error is defined as the difference between the interrogator
range data output and the true range; in this case, the tracker
range solution. Performance of the interrogator will be assessed
by CMN and PFE plots that have tolerance values applied.

GURATION.
9.1 TRACKING FACILITIES.

Time correlated position reference information will be supplied by
the Range Engineering and Analysis Branch. They operate the
Technical Center tracking facility, which includes a Sylvania Laser
tracking system and the NIKE radar tracking system. Accuracy
specifications for these systems are included in appendix B.

Additional time correlated position reference information will be
supplied by the FAA Technical Center-built SPORT. This tracking
system supplies ranging data by way of an integral Motorola Mini-
Ranger. Accuracy specifications for this tracker are included in
appendix B.

2.2 GROUND NAVIGATION EQUIPMENT.

Two complete Hazeltine 2600 MLS, including DME/P transponders, are
presently operating at the FAA Technical Center. These systems
were purchased under contract DTFA01-84-C-00008.
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E-Systems model 177000-100 DME/P transponders will provide
precision replies to the interrogators. These DME/P ground
stations meet the ICAO Annex 10 requirements and the FAA-E-~2721B
accuracy requirements. They operate on channels 113.55 (82Y) and
114.35 (90Y).

A commissioned Tactical Air Navigation (TACAN) transponder is
available at the FAA Technical Center. It operates on channel
108.60 (23X).

o) ACT ES.

A map of the FAA Technical Center with relevant survey points is
included in appendix C. An accurate survey of the facilities and
test points have been completed.

10. REVIEWS AND REPORTS.

VNTSC is responsible for producing the final written report on the
interrogator.

10.1 FACTORY ACCEPTANCE TESTING.

The results of factory acceptance testing will be reviewed as the
testing proceeds. VNTSC personnel will witness factory acceptance
testing and will be available to verify operation. A test document
will be generated by ELTA Electronics Ltd., and will be supplied
with the interrogators.

10.2 LABORATORY ACCEPTANCE TESTING.

Laboratory test review and documentation will occur as specified in
the Laboratory Test Plan.

10.3 FIEID ACCEPTANCE TESTING.

The results of field testing will be reviewed as testing proceeds.
VNTSC personnel will be available during ground and flight testing.
A test document will be generated by FAA Technical Center
personnel, and supplied to VNTSC for their use in writing the final
report.

11. INTEGRATED SCHEDULE.
11.1 FACTORY ACCEPTANCE TESTING.

Factory acceptance testing will occur before the interrogators are
delivered. ELTA Electronics Ltd. personnel will perform this
testing. VNTSC test personnel will witness the testing.

12




ACCE N .

Laboratory testing will take approximately 1 month to complete.
This testing will be performed by VNTSC personnel, and will be
witnessed by ELTA Electronics Ltd. personnel. Laboratory testing
will only occur after factory testing has been successfully
completed.

11.3 FIELD ACCEPTANCE TESTING.

Field testing will take approximately 2 weeks to complete. This
testing will be performed by FAA Technical Center personnel and
will be witnessed by VNTSC and ELTA Electronics Ltd. personnel.
Field testing will occur after initial laboratory testing
demonstrates that the interrogators are operational. It is not
necessary for full laboratory testing to be completed before field
testing can begin.
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APPENDIX A
DIGITAL DATA WORDS

Digital data output from the EL/K-7200 will be transmitted in ARINC
429 format according to current ARINC 709A requirements.
Additional precision labels have been proposed to ARINC by ELTA
Electronics Ltd. to accommodate higher accuracy DME/P words. These
additional words are also output in the ARINC 429 data stream. The
digital data output from the EL/K-7200 will be as follows:

Data Description ARINC Label Data
429 (OCTAL) Rate
(HEX) (Hz)
Frequency Function Selection Word iD 035 8
MLS BCD Channel Selection Word 1E 036 8
Interrogation Time Report 30 060 Test
Unfiltered Binary Distance Report 31 061 8
Signal Strength Report 32 062 8
Filtered Binary Range Rate Report DME/P 4F 117 40
Filtered BCD Distance Report 81 201 8
Filtered Binary Distance Report DME/N 82 202 8
Filtered Binary Distance Report DME/P 8cC 214 40
DME Alpha-Numeric Channel Selection Word 9E 236 8




DIGITAL DATA CONTENT.

The following decode descriptions will be used for decoding

typical

DME/P data. They are included here for reference.

Bit| Filtered BCD Filtered BIN Filtered BIN |Filtered RNG DME Channel
# Range DME/N Range DME/N Range DME/P Rate DME/P Select Word
1 1«%% 1 1eq 0«7 1
2 {0 Label 0 L*Label 0 FLabel 1 pLabel 0] L*Label
3]0 HEX 81 ] HEX 82 0 HEX 8C 0 HEX 4F 0 HEX 9F
4 (O 0 0 0 1
5 |0 OCTAL 0 OCTAL 1 OCTAL 1 OCTAL 1 OCTAL
6 |0 201 0 202 1 214 1 117 1 236
7 10 1 0 1l 1
8 |1+ 0« 0+ 1 0+
9 SDI SDI SDI SDI SDI

0 |J T g g a

11 {+7— Hundredths|{+— Memory Mode Mode Mode

12 of nmi «~+ FLS :I» :I» :Iq

13 (0.01) +«1 Distance +~1— Distance +~ GIR «— GIR

14 |+ (nmi) DME/N (nmi)DME/P|+«— Antenna +— Antenna

15 |+~ Tenths Twos Twos +« Auto «— Auto

16 of nmi Complement Complement|+— Memory +— Memory

17 (0.1) Fractional Fractional | ~— Range :I» Required

18 [« Notation Notation Rate State

19 |+ Units LSB=_1 nmi LSB=_1 nmi Twos «1 Channel

20 of nmi 128 2048 Complement Number

21 (1) Full Scale Full Scale Fractional Units

22 |+ 511.992188 31.999511 Notation «

23 |+ Tens LSB=%knot |+1— Channel

24 of nmi Full Scale Number

25 10 2047.5 Tens

e ﬁj (10) «J

Hundreds «J +—= Hundreds

28 :]* of nmi - — :Tﬁ Code

29 (100) «— Sign — Sign « Sign

30 SSM SSM SSM SSM SSM

31 | I aJ g g

32 j~— 0dd Parity|++ 0dd Parity|« 0dd Parity|+— 0dd Parity |« 0dd Parity

Definitions:
Antenna: Interrogation antenna, 1 = upper, 0 = lower
Auto: Antenna selection mode, 1 = forced, 0 = auto selected
Code: Channel Pulse Spacing Code
00: X channel selected
01: Y channel selected
10: W channel selected
11: Z channel selected
FLS: Foreground loop station, 1 if true

GIR:

Ground interrogation rate, 1 if true

Memory: Normal track = 0, using memory data =1




Mode: Four states of DME operation
00: IA Mode Memory
0l1: IA Normal Track
10: IA and distance less than 7 nmi (No FA detected)
11: FA Normal Track
SDI: Source Designation Indicator
00: Call All-Input Only
0l: DME 1
10: DME 2
11: DME 3
Sign: Numeric sign of data, 1 = negative 2 = positive
Note: Negative distances are not valid
SSM: Sign Statue Matrix
00 (BNR): Failure warning, Interrogator has failed its
built in test and the data is flagged.
00 (BCD): Positive data
01: No computed data, Interrogator is not tracking a DME
signal and the data is flagged.
10: Functional test data
11 (BNR): Normal operation
11 (BCD): Negative data




APPENDIX B
POSITION REFERENCE SYSTEMS

Three types of position reference systems will be used during
interrogator testing. Their ranging accuracies are as follows:

FAA Technical Center Laser

+/- 1 foot (30.5 cm) for ranges less than 5 nmi (9.26 km)

+/- 2 feet (61.0 cm) for ranges greater then 5 nmi but less
than 10 nmi (18.52 km)

+/- 5 feet (1.52 m) for ranges greater than 10 nmi

FAA Technical Center NIKE Radar
+/= 9.9 feet (3.25 m) over all ranges
FAA Technical Center Single Point Optical Ranging Tracker

+/- 1.7 feet (0.52 m) for ranges less than 15 nmi (27.27 km)




Appendix C
FAA Technical Center Map
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