- Approved
INTATION PAGE o o188

MATES O Braragr T ROV DY 799000 T ime 106 FEvaEwing InIrucTOM. 1 SFIRAG E951.A HILS 1OWLE
AD- A239 892 1 'NWM ﬂ:’t'-‘l‘m-oﬂ of m'vﬂsm’wmn 1070'01 g the burden nhm"e ov any mﬁ? u»d of the
o

o S DUrgen 10 WIAAQION N s0auarers Services Daectorite Tor ATrmation Operaticns M | 15 ietferson
Ilmsﬂﬂnil 20T OF Mgn agemseat ard Bud3e PI0eraCrn DU TN POt {DT040 48] Wishagton OC 7
thl 'ORT DATE 3 REPOART TYPE AND DATES COVERED
4 wa July 1991 147 Final
4, TITLE AND SUBTITLE S. FUNDING NUMBERS
The Use and Misuse of Aircraft and Missile RCS
Statistics

o DTIC

Lee R, Bishop e £} B
1. PEKFORMING ORGANIZATION NAME(S) AND ADDRESJES) ur‘z v ISC] » [] PEKFOR;{TEG ORGANIZATION
gé 5

REPORT NUMBEK
6585th Test Group %«ﬁ?
Radar Target Scatter Division

Holloman AFB, NM 88330-5000 TH91.001
9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER
6585th Test Group
Holloman AFB, NM 88330-5000

N/R
11. SUPPLEMENTARY KOTES
12a DISTRIBUTION ‘ AVAILABILITY STATEMENT 12b DISTRIBUTION CODE

Unlimited

13. ABSTRACT (AMasimum 200 words)

Both static and dynamic RCS measurements are used for RCS predicitions, but the
static data are less complete than the dynamic. Integrated dynamic RCS data also
have limitations for prediction radar detection performance. When raw statis data
are properly used, good first-order detection estimates are possible. The research
to develop more-usable RCS statistics is veviewed, and windowing techniques for
creating probability density functions from static RCS data are discussed.

91-08804

ol 8 23 040 MEERRERND

Low QObservable, Radar Cross Section, Dynamic RCS, Static RCS,

9
Probability of Detection, Integrated Dynamic RCS 16 2RICE COOE

17 SECURITY CLASSIFICATION {18 SECURITY (LASSI'ICATION 19 SECURIYV CLASSIFICATION §20 ! IMITATION OF ASSTRACT
OF REPORT OF THiS P. OF ABSTRACT

Unclassified Unclass1f.ed Uncla>>1f1ed uL

W% TR0 9T 2N 3EN §e30c3°2 form 133 e 1 E9




RADAR BACKSCATTER DIVISION

6585th TEST GRC'JP
THE USEAND MISUSE ~ \ % °
OF AIRCRAFT AND MISSILE
RCS STATISTICS

Acosasloa For
2T GRax)

2TI0 Thd

TECHNICAL MEMORANDUM . yooo ooy a g
Fastillentlen
DBy
July 31, 1991 Lbistrivetions

;  Svailaviiity Codes

‘Dist Speolal

Lee R. Bishop (\-\
Technical Director, RATSCAT

[Avail aadfer

em—— v o 44} wte 3o 0.0

6585th Test Group/RX
Holloman AFB, NM 88330-5000
{505) 679-3319
DSN 349-3319

T™ 91.001




P b e B R SVt Teas

THB USE AND MISUSE OF AIRCRAFT AND MISSILE RCS STATISTICS
Lee R. Bishop
Technical Director, RATSCAT

"The number of pitfalls that may be encountered In the use of the
radar equation Is almost without lialt,” Marcum

INTRODUCTIOR

There are two basic RCS measurement types, static and dynam-
ic. 1In distinguishing between the two, recall that objects {n
Cartesfan space can have 6 degrees of freedom. There are three
degrees of freedom i{n translation along the X, Y, and 2 axes:
There are three degrees of rotavional freedoa about each of these
axes. When RCS data are taken from an aircraft that is rotating,
but not translating, those data are referred to as °‘static.’ RCS
data taken from an ajrcraft that is both rotating and translating
are referred to as 'dynamic,’' Static RCS measurements are norsal-
ly mede with the afrcraft mounted on a column or pylon. Bither
the ajfrcraft is rotated, or the radar is moved around the air-
craft. Dynanic measurements are made with the aircraft in
f£light, and in addition to 6 (not necessarily {ndependent) de-
grees of freedom, also exhibit Deppler, vibration, and flexing
effects.

Both static and dynamic RCS measurements are used for
radar-detection predictions, but detection theory assumes dynamic
RCS conditions, The same statistical terms are used to describe
both static and dynamic RCS measurements. This practice createse
confusion, because the medians from windowed-static and dynamic
RCS measurements do nct describe identical processes. The sftua-
tion is analogous to comparing median wage to median income. An
uncritical application of statistice from static, or even inte-
grated dynamic, RCS data can 1lead to unexpected vehicle detec-
tion results.

This paper focuses on RCS descriptive statistics. The ap-
proach taken is (a) recount the historical approach to radar
performance prediction, and (b) relate the evolution of gingle-
valued number presentations of RCS data to classical detection
theory. The goal fs (a) to show how confusion over RCS statistics
can develop, and (b) make clear to the reader that pedfanized or

static-RCS data are a very good first-order approxisa-
tion for predicting detection performance.

“integration, coherent and non-coherent, is an averaging
process. By the central limit theorea, “the distribution of
averages of equal samples drawn from any distribution, approaches
normality as a limit.” With dynamic RCS measureaents using
integration, the original RCS distribution is lost: The result-
ant is a distribution of integrated values approaching a normal
distribution that s narrower than the original distribution.
The mean-of-means for the integrated data approaches the sedian
value of the distribution of averages. Nonetheless, a dynasic
RCS average based on integrated data does reflect 6 degrees of
freedom and the effects of £light on the vehicle, Integrated
dynamic RCS data are most useful for mean-RCS specification
verification and follow-on RCS Integrity checke.
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BACKGROURD

Radar detection theory is well understooa. No shortage of
texts and papers on the subject exists: Given the radar range
equation, an appropriate probability density function (PDF),
1.e., the distribution of the RCS, and the time-correlation
properties of the RCS distribution (auto-correlation €£unction,
(ACF), radar detection can be chculated for anv probability of

detection and false alara rate.” Unfortunately, technical, sit-
ing, and economic considerations assure a shortage of the all-
band dynamic RCS data needed to produce the required PDFf and ACF.
Without dynamic RCS data, the next hest approach is using win-
dowed statfic RCS data, but even these data have lisited avail-
ability. Ail too frequently radar analysts have but a single RCS
nurber and must guess at the statistical distribution of the RCS
about the aspect angle of interest and an ACF. A likely result
is a performance prediction, particularly at high and lov proba-
bilities of detection, differing markedly from reality,

MBASURING THE RCS

measurements are usually made with an instrumenta-
tion radar slaved to a tracking radar that fcllows the vehicle
being nmeasured. The test aircraft is instrumented for recording
or telemetering roll, pitch, heading, and timee fnformation. It
will maintain a flight profile that addresses the aspect angles
of interest, The instrusentation radar, previously
calibrated--from a dropped or towed sphere--records the amplitude
and time of cach returned pulse, Addi{tionally, the range, azi-
muth, and elevation of the target relative to the instrumentation
radar are recorded. During data reduction, aircraft and radar
data are tied together with time. The finished product is zero-
dimensional (0-D) RCS, I. e., RCS at a given aspect angle, Care
aust be taken to control the time period that is ascribed to one
aspect angle.

Static RCS data ares aeasured either in a chamber or on an
outdoor range. The target is mounted on column(s) or a pylon and
rotated to display the aspect angles of interest to the instru-
mentation radar, The radar is calibrated with an object of known
crose section, The target pitch and roll are known, and the
aziauth of the rotator ig recorded during the test. The finished
product--providing the object is not undersampled--ig the actual
lobe pattern (raw RCS) developed by the vehicle at the frequency
cf interest. Ideally, the raw static-RCS data are exceedingly
£ine 0~D RCS data.



one of the most vital services provided by RCS

test ranges I6 the collection of enough RCS Inforra-

tion to assess compliance with an RCS speciffcation.

That specification usuvally requires that the RCS not

exceed a certaln level over certaln angular sectors

In both the pltch and yaw planes ... of the target,

That level, 1in turn, 1s usually the result of a

study of the vulnerability and survivabillity of the

target In a tactical environment. The pitch and yaw

sector boundarifes deflne a solid angle over which the

specification must be met, forcing us to consider the

question, "What Intervals must we use to adequatsly

Insure that we have sampled the spatial pattern?
Static RCS nmeasuresents with full-scale vehicles on a large
grcund range permit a high assurance of vehicle survivability
before the actual £lying vehicle is ever bhuilt,

THE PROELEM

Neither static RCS measurements, nor even those dypamic RCS
measurements placing integrated data in bins covering small
angular segments, provide the more-complete RCS-distribution data
needed for solving the radar detection problem., This is because
radar detection occurs while a radar {s viewing a target over a
limfted range of aspect angles. As an aircraft flexes, pitches,
yvaws, and rolls along its flight path, RCS values scintillate in
a time-variant manner that is a functicn of scattering centers,
flight dynamics, and the nominal aspect angle presented during
the ameasurement time interval. The mean, distribution, and time

correlation properties of the RCS gver a solid-angle centered on
the aspect angle of fnterest , are required for the detection
problen.

Both windowed static and dynamic RCS measurements yield
‘distributions,® as any repeated measurement ylelds a distribu-
tion. For detection predictions, however, we want the distribu-
tion most appropriate to the problem: This is the RCS distribu-
tion at the nominal aspect angle of interest of a flying vehicle.
An effort to adapt classical statistfcal distributions to de-
scribing RCS distribution data began early in the study of detec-
ticen theory. Statfstically described distributions make closed-
form solutions of the detection probles possible, Work to adapt
classical statistics_ to the description of RCS distributions
continues to this day”.

Today's high-speed computing and low-cost mass storage tech-
nology offer an alternative to closed-form-solution detection
predictions. If the RCS distribution around the angle or sector
of interest can be empirically determined, and the radar detec-
tion process modeled, computer simulation can be applied to the
detection problin. Hovanessian has published a hybrid version of
this approach. His computer pregrac modifies probability of
detection curves for a non-fluctuating target having the sgame
rean RCS as the measured distribution. This approach can accom-
modate any distributfon, and frees the analyst from trying to
decide just how well normal, log-normal, Chi-square, Weibull, or
Gamma distributions £it the RCS data.




SOLUTIONS IN USB TODAY

Initially, radar performance analysts will consider four
vehicle aspect-angle sectors to be of interest: the nose: the
tail: the two sfde aspects. 1Instead of using mean and distribu-
tion data from the aspect of interest (these data are not
commonly published, the performance analyst uses single-valued
RCS statistics such as medians or percentiles. Whether the RCS
statistics were generated by static or aspect-angle-binned dynax-
ic measurements is at timer overlooked.

In air defense vehicle penetration analysis, wmedian or
percentile, nose-aspect RCS data are used to determine the i{ni-
tial penetration range. A question that logically arises is " how
can a sgingle number replace the geveral dictated by classical
detection thecry?"” 1In the following paragraphs, we will examine
the evolution of the single-valued RCS substitute for the dynam-
ic data described in classical radar detection theory and the
influence the single-valued approach has had on RCS reduction
statistics.

THE MEDIAN SOLUTION

The wide use of the medfan as an RCS descriptor stems froa
the fact (supported by physics) that RCS distributions about a
partigular vehicle aspect angle can display Rayleigh characteris-
tics. Actually, the RCS distribution of the commonly referred
to Rayleigh-target is negative exponential: The voltage output
from a linear detector with a negative exponential power input is
Rayleigh distributed.® Hence, the name 'Rayleigh target.® While
the Rayleigh nature_of RCS is justifiable as a very firgt approx-
imation, Nathanson’ is replete with examples of dynamically-
measured RCS distributions that are anything but Rayleigh. This
writer has dynamically measured the RCS distribution of & stores-
free F-4 about the nose aspect: The RCS distribution was log-
normal, Nonetheless, the theoretical study of Rayleigh detection
statistics has produced practical results useful to the apalyst,
and provided a stimulus for further investigation of radar detec-
tion pheno-enaa

Nathanson and wilson? show that if a signal {8 Rayleigh
distributed (Chi-square with 2 degrees of freedom), use of the
median rather than the aean provides the best solution for the
S0-percent probability of detection case. Even if the actual
distribution were Chi-square with degrees of freedom between 0.6
and 4.0, we would still have lese prediction error using the
median rather than the sean. Hence, the long love affair with the
median, For the 1low probability of  detection (P4) situation
however <+~ less than 30 percent -- the aean becomes the better
estimator of detection performance, if we assume that the Chi-
square family of statistice {s applicable,.




THE PBRCBNTILE SOLUTION

Percentile statistics developed as a way to provide single-
number values of dynamic-RCS for use {in the radar range equation:
They are used as a lower bound for the RCS value in the radar
range equation. To create percentiles, measure RCS abcut an
aspect angle and order the RCS values from lowest to highest.

Typically, RCS values for the 29, 50 (median), and 80 per-
centiles are reported for dynamic data: Static RCS data are typi-
cally reported at the 10, 50, and 90 percentile points. The 80th
percentile is the RCS value exceeded 20 percent o¢f the tine
(highest reported value) and the 20th percentile ig the RCS value
exceeded 80 percent of the time (lowest reported value).

The percentile approach to estimating probability of detec-
tion at the calculated range deliberately ignorees receiver noise
in the interests of simplicity. By fznoring noise and represent-
ing the alrcraft or missile RCS probabiflity density function as
p(o), probability of detection can be simply expressed as

Py =] p(o) do (1

Coua

For example, if a 20th percentlle RCS value is used as the lowver
limit of integration, one would expect the Py to equal 80 per-
cent. BEBven though (1) {s not exact (since receiver noise {s
ignored), it gives excellent results at signal-to-noise ratios
above 10 dB. The simeplicity of the percentile method, of which
the median solution is a subset, makes it attractive.

RCS DATA REDUCTION

Dynamic RCS data are recorded and binned as a function of
aspect angle. The boundaries of a bin enclose the aspect angle of
interest. sorting the RCS values in the bin enables a PDF for
that aspect angle to be developed. Representative msean, median,
or percentile data can be developed provided there are sufficient
samples (>100) in the bin. If the bin contains jfntegrated RCS
samples, the number of samples in the bin can be smaller (10 -
15), but the original PDF 18 lost. The mean of the integrated
values in a bin is an excellent indicator of mean dynamic RCS
about an aspect angle, and is best suited for final specification
verification.

When a typical threat radar ecans across a flying target,
its circuitry averages the target lobe pattern about an aspect
angle. This phenomenon is the basis for °'windowing®' of static RCS
data. One preliminary analysis approach is to use a window size
approximating the beaawidth of the threat radar. This window is
continuously moved in azimuth along the raw data (moving aver-
age). The raw data inside the window are then averaged, nredian-
ized, and sorted into percentiles. Discrete sectors, moved incre-
mentally, are also used. The actual windowing technique chosen
depends on the intended use of the data,




Sorting the values inside the ‘'window' enables a PDF for the
aspect angle of interest to be developed., When the window {8
positioned over an area of the raw data that is relatively free
of scintillatfon, the mean and median are nearly equal. When the
window is positioned over an aspect wedge that displays consider-
able scintillation, the mean and median separate and the percen-
tiles spread. Windowing of raw static data provides a first
estimation of the PDF and percentiles that would be obtained from
a flying target, For those desiring ng{e insight into the conmpu-
tation of RCS statistics, see Currie.

To predict radar performance, an analysi requires

raw (unprocessed} static RCS measurements. Medlanized

or otherwfse processed data, which may suffice for sig-

nature control studles, Is a form of data smoothing. Any

data processing that modifies the azimuthal fluctuatlions

of target RCS prohibits accurate computation 05 the PDF

parameters actually sensed by a search radar.!

IMPROVING THE SITUATION

Research to make static RCS data more useful for _detection
predictions has been a long-term effort. ITT Gilfillan!3 studied
the conversion of static BQM-34 drone RCS data to dynamic data in
1976. Stanford Research Institute (SRI) did considerable work in
this area in the early '80s. As of this writing, the Air Force
Institute of Technology (AFIT) continues the static-to-dynamic
conversion study, AFIT efforts should ultimately produce improved
static RCS measurements and a better understanding of dynamic
RCS measurements. This 1s a matter of considerable importance. No
dynamic RCS data for VHF and UHF currently exist (due to current
equipment 1limitations and stringent siting requirements). The
AFIT effort should make better VHF/UHF perforeance predictions
possible until the DoD can develop an all-band dynamic RCS
seagsurement facility.

In the aeantime, should you require detection predictions
from statfic or Integrated-dynamic RCS data, find a good RCS
analyst. With ample static measurements, an estimate of vehicle
flight characteristics, threat radar parareters, and knowledge of
target gcattering centers, the skilled analyst can hypothesize an
RCS value and distribution about the aspect(s) of interest: The
target scattering centers can be deterained from imaging RCS
neasurements (best), or fros cosputer predictions (order of
magnitude). Both the RATSCAT Advanced Measurements System (RAMS)
and the RATSCAT Improved Measurement System (IRMS) make imaging
and 0-D RCS measurements simultangously.




IN CONCLUSION

Static RCS measurements are important in any RCS reduction
effort and critical for the development of low observable air-
craft and nisailes. static measurements yield Jlegs
results than dynamic RCS measurementg for predicting detection
performance. This is because the required six degreee of freedom
are only reflected in a dynamic measurement. When it comes to
detection performance predictions, the RCS data statistics and
the ‘threat’' radar detection process must be clearly understood,
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