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1. INTRODUCTION

The MICOM Quiet Radar program [l] is a multi-year,
exploratory development effort to build and test a short-
range air-defense system radar with Anti-Radiation Misgsile
({ARM) immunity. By transmitting a low-power, bi-phase mod-
ulated, continuous-wave waveform in conjunction with an
ultra-low sidelobes antenna and a frequency-ag.le carrier
frequency, it is possible to reduce ARM lockon capabilities
to ineffective ranges.

Previous effort has determined the probability of false
alarms and detections for the Quiet Radar Processor by
using Monte Carlo simulations. [2] Further effort was :
directed toward determining the effect orf Constant False
Alarm Rate (CFAR) techniques on processor performance. [3]

The objective of this effort was to determine proba-
bility of detection for a given false alarm rate for the
Quiet Radar Processor by performing covariance matrix
transformations. The analysis included range cell averag-
ing CFAR.

Section II contains the analytical development used in 4
determining processor performance. Section III presents
the matrices that describes the processor elements and man-
ipulations required for a covariance analysis of the pro-
cessor. Section IV presents the Quiet Radar system
parameters used in the performance analysis. Section V
presents performance results obtained from analysis.

II., PERFORMANCE ANALYSIS

The block diagram for the 2~D CFAR processor is shown
in Figure 1. This is a linear system up to the point where
Z is calculated. The system can be analyzed by a procedure
contained in a Raytheon report. [4] A succinct presenta-
tion of the analysis follows. The input X is represented
as a column matrix of the complex (i.e., I and Q channels)
input sample values. It follows that:

(1-4)
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Figure 1. 2-D CFAR processor structure.
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Due to the linearity, the output at F can be described
by a Gaussian distribution when Gaussian signals are the
input to the system. Also, the input can be-separated into
a sum of components, viz., ground clutter, noise, and
target signal. Each component can be analyzed separately
using superposition. The prime objectxve is to determine
the variance at the FFT output. This is a mathematically
tractable problem for the Gaussian signals. Let ]
represent the covariance matrix of X, M1 the covariance
matrix of @, Mz the covariance matrlx ofY, and M3 the
covariance matrix of G. It follows that:

By =ARMAT (5)
M, = CM, CF (6)
M, =C M1 c
= _ == =T (7)
M, w M2 w

A similar transformation could be used to find the
covariance matrix of F. However, this is not necessary
because the variance of each element of ¥ is all that is
required. Consequently, the analysis uses the L-point FFT
algorithm, superposition of the I and Q signals, and
separation of the real and imaginary parts of the Fy
element of F to obtain
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2
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where mj4 terms are the elements of M3,

= 21T . _
Sy = cos[f— (3 l)k] (10)
ajx = sin[%l (§ - l)k] (11)

and the k subscript on the variance represents the kth
frequency cell of the FFT output. Combining the I and Q
channel results yields the real part of F,, i.e.,

R(Fx), and the imaginary part of Fy, i.e., I (FP) to
each be normal with variance o, 2 + o, 2, i.e.,”

R(F,) and I(F,) ¢ N<o, oRk2 + oIk2> ) (12)

This result holds for the jth range bin and the kth
frequency cell for either ground clutter or noise. A
change in notation is used to represent this feature, viz.,
for noise N

2 2 2
o... =g + Onrk (13)

Similar results hold for ground clutter, g. Thus,
. (14)

The magnitude unit of Figure 1 will change the Gaussian
distribution of Fik into an exponential distribution at
ij, i.e.,

2
-Z2.,/20.
1 jk/ jk
P(Z.k) = —> e . (15)
J Zojk




Calculation of the probability of false alarm for a
fixed threshold Vpk, in the kD frequency cell yields

-y
PFA = e bk (16)

where

2
bk = VTk/20jk . (17)

When CFAR techniques are used, the threshold is not fixed
hut is a random variable. It is possible to calculate the
expected value (i.e., average value) of the PFA as

PFA f PFA p(ka)dka . (18)
o}

The density functions for the threshold are dependent on
the CFAR techniques,

A 2-D CFAR which averages the kth frequency cell of
an N-range-bin window will have

PFA = 1 (19)
T, K
k"2

<1 + 5 )

where Ty relates the range bin of interest to the range
bins used in the CFAR window and Ky is a threshold con-
stant used to specify a false alarm probability.




The development for the probability of detection fol-
lows a similar procedure, i.e.,

o}

. f P, P(¥,0dY, . (20)
[o]

For a Swerling I target the results are

-ka/(l + %)

Ppp = € (21)

_ 1
Ppk N
X2
(l RO

for 2-D CFAR (22)

where X is the signal-to-interference ratio for the range
bin and frequency cell of interest,

At a given range, the ground clutter backscatter coef-
ficients are assumed to be constant over the CFAR window.
However, a Wiebull distribution p(c©) is assumed for the
range dependency on these coefficients. The performance
dependency on 09 is represented as Ppk(o©). It
follows that the expected value can be obtained from

[o ]

<Pp, > = jpﬁok(oo) p (c°) dc® . (23)
0

These procedures were implemented by Raytheon in a com-
puter program. The program is a hybrid of equation ori-
ented calculations and Monte Carlo simulation. The Wiebull
statistics of Equation (22) are evaluated by Monte Carlo
procedures. The selection of a 2-D CFAR threshold, i.e.,
threshold from range bins below or above bin of interest,
is not determined by Monte Carlo methods. Instead, the
average values of the thresholds are determined and the
largest average value is used to select the technigue. The
mathemat ical description of this is given below. The range
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bins below the bin of interest yield a 2-D CFAR threshold
of

where 2_jx represents the "below" (-1) bins and the
kth frequency cell. The average value is

2
T, K K,o
= _ k"2 _ 27-1k |
A = > = —5 (25)

2°ok

Similar results hold for the 2-D CFAR threshold determined
from the range bins above the bin of interest, i.e., By
and Bx. The program determines

Yk = Max<Ak, Bk) . (26)
The selection process is actually accomplished as

.25 2 2
200k Y = Max(chs_lk » Kyoqp > (27)

Once the threshold is selected, then the results of
Equation (21) are used to calculate the probability of
detection.

III. COVARIANCE TRANSFORMATION MATRICES

A digital processor which is a candidate for the Quiet
Radar has been designated as D-8 [2]. A block diagram
model used in the mathematical analysis is given in
Fiqure 2 and corresponding input/output relationships are
given in Table 1.

The D-8 processor will be analyzed by the covariance

matrix performance analysis presented in the previous
section., It is readily noticed that the systems, Fiqures 1

10
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Figure 2, Model used for analysis of configuration D-8.

TARLFE 1. INPUT/OUTPUT RELATIONSHIPS FOR CONFIGURATION D-8,.

MATRIX DIMENSION SYMBOL RELATION TO INPUT
Innut NIN X 1 X

Coder _ _ _

OQutput NIN X 1 Xe Boe X

MTI _ . o
Output M X1 a A* Xo = ABGX
Decoder L _
Output M X 1 g Bgc'a = BgcABLX
LPF _ - _
Output NFFT X 1 Y C* B= CBgcABGX
Window _ e
Output NFFT X 1 G We* Y= WCBgoABLX

Where NIN = Total No. of Inputs, M = No. of MTI Outputs,
and NFFT = No. of FFT Points.

11




and 2, are the same with the exception that D-8 contains
three additional elements. They are (1) coder, (2)
analog-to~-digital (A/D) converter, and (3) decoder.

The A/D coverter is a non-linear device and this type
of analysis is for linear systems only. Hence, the A/D
converter is ignored. For many cases, the receiver noise
will dominate over quantization noise. But if quantization
noise is sufficient to effect processor performance, it
could be applied to input of analysis as white or colored
Gaussian noise.

A discussion on binary phase coding and its performance
effect in the Quiet Radar is given in Reference 5.
Therefore, only a few comments concerning the coder and
decoder are presented. The coder is simply a multiplier
used for coding the video signal (normally performed at RF
prior to transmission) and the decoder is also a
multiplier used to decode the video signal. The decoder
provides range cell discrimination when coder and decoder
have matched codes, i.e., the in-range channel. When coder
and decoder have codes that are not matched, the decoder
output will be a video signal modulated by a shifted
version of the code, i.e., the out-of-range channel. B¢
and Bg. are the coder and decoder matrices which are used
in the covariance analysis.

It can easily be shown that

‘A for In-Range Channel

A« By for Out-of-Range Channels.

Therefore, by neglecting the out-of-range channels, the
output covariance matrix equation

M3 = (We CeBgoeAeBo)oM o (W 'E-'ﬁsc'K'Ec)T
reduces to

M3 = (WeC eR) oM «(WeC ¢R).

12
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The following is a brief description of the matrices
The input

given in Table 2 for the covariance analysis.
. xable < ) )
covariance matrix M is given as

= _(Mm,1 Mm,2 m] ,NIN
M=]m,1 m,2 ess M2 NIN
MNIN,1 . e MIN,NIN

This is a symmetric matrix and the element mj

determined from the interference, i.e., noise or clutter

correlation function, by

T

mij = R (1)] ¢ =| (i=9)

Thus, only NIN elements need to be calculated.

The MTI matrix A for a two-pulse canceller is given as

[ [10000... -1] [ 0
1XNDEL

[0][20000 ... -1] [ 0
[00][10000 ... -1][ 0

—
De e ¢ o o o

][ 10000

where NDEL is the number of input samples before an MTI
output. NDEL will be an integer multiple of the code

length.

13




TABLE 2. COVARIANCE MATRICES RELATIONSHIPS FOR

CONFIGURATION D-8
MATRIX DIMENSION SYMBOL TRANSFORMATIONS
Input _ _ _ _
Covariance | NIN X NIN M Ml = (Bsc A °Bc) °M.
Coder NIN X NIN Bc (E .A.-B )T

- sc c

MTI M X NIN A
Decoder NIN X NIN Bge
LPF NFFT X M c Fd'3 = (W*C) 'ﬁl'
Window _ @w-o
Funct ion NFFT X NFFT W
Window
Output _
Covariance | NFFT X NFFT M3
Where NIN = Total No. of Inputs, M = No. of MTI Outputs

and NFFT = No.

of FFT Points.

The LPF matrix C is given as

[c1ca...onprrr ] [

P]

1XNSNEW
L]

[o]
0] eeeennnnn,

14

[c1 c2 ..-Cnpint ] [ 0

[c1 c2 .o.CnpInT ] [ O
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where the finite impulse response filter coefficients are
Ci, C2,...CNFrLT and each row initially contains

(N-1) * NSNEW zeros where N is the row number and NSNEW is
the sample rate reduction factor,

The window function matrix W is given as

wl 0 e o o 0 -T
w2 0
0 w3 .
W= .
0 cee WNFFT

where the diagonal elements are the window function
coefficients,

Since the input covariance matrix M is an NIN x NIN
matrix where NIN is typically 4000 to 6000, this prohibits
use of simple matrix multiples to perform transformations,
It would require an excessive amount of memory to store
covariance matrix M, i,e., (4000)2 to (6000)2 or 16 to
36 million words of memory. Therefore, it is necessary and
possible to calculate one row of WeCeA and then one_row of
(WeCeA)eM and finally calculate one row of M3 = (WeCeA)e
Me(WeCeA), Then continue this process until all NFFT rows
of M3 are determined. The computer analysis takes
advantage of this phenomenon. Appendix A contains the
program listings and input list.

IV. QUIET RADAR SYSTEM PARAMETERS
Two different configurations of the Quiet Radar D-8

Processor will be studied. The appropriate system
parameters for each processor are given in Table 3.




TABLE 3.

COMPARISON OF SYSTEM PARAMETERS FOR PROCESSOR #1
AND #2

PARAMETERS

PROCESSOR #1

PROCESSOR #2

Carrier Frequency
Code Length (PN Code)
Sample Rate
Samples/Code Bit

MT1 Delay

LPF Length

*LPF Wait

Sample Rate Reduction
FFT Length

Look Time

Weighting

NSC
NDEL
NFILT
NWAIT
NSNEW

NFFT

10 GHz

31 Bits

4 MHz

2

62

124 Taps
124

62

64 Points
1.023 msec

Hamming

10 GHz

63 Bits

5 MHz

1

126

166 Taps
166

83

64 Points

1.1042 msec

Hamming

*LPF wait represents number of input samples required
before LPF output is used, i.e., NWAIT > NFILT.

16




V. PERFORMANCE RESULTS

Since the analysis contains several variable
parameters, e.g., signal-to-noise ratio, clutter-to-noise
ratio, clutter spread, CFAR window width, etc., all
possible performance results are too numerous to perform.
Therefore, the analyses were performed for the parameters
that have been used in previous work [2], [3].

The performance study parameter set used for both

The results obtained are plotted in Figure 3-14, For
both processor configurations using the parameter set in
Table 4, the probability of detection for several
probabilities of false alarm in each of the frequency cells
are shown.

For both processors, several observations can be made
about the performance. The performance degrades as the
number of range bins in the CFAR window decreases. This is
easily explained since a better estimate of the noise is
obtained by use of more range cells.

The loss of processor performance in the oth
frequency cell is due to attenuation of both clutter and
target at oHz by the MTI. For frequency cells close to
cell zero, the clutter residue out of the MTI raises the
threshold, thus lowering the probability of detection,
The LPF reduces the performance in the upper frequency
cells due to attenuation beyond the target velocities of
interest. One other obvious observation is that as the
input signal-to-noise ratio level is reduced, the processor
performance decreases.

It is readily observed that processor #2 performs
better than processor #l. The larger dwell time for
processor #2 allows for more input samples and, therefore,
the low pass filter response of processor #2 can be
improved over processor #l. One advantage for processor #1
is the hardware reduction possible by combining the decoder
and LPF coefficient. This combination is made possible
since the number of LPF coefficients is an integer multiple
of the number of code bits, i.e., 124/31 = 4.

17
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TABLE 4. LIST OF PERFORMANCE STUDY PARAMETERS

PARAMETER VALUE
S/N (Input Signal-to-Noise) -21, -24 @B
C/N (Input Clutter-to-Noise) 46 4B
of (Clutter Spectral Width) 8 Hz

CFAR Window Width

Pea

4, 8, 16 Range Bins
103, 104, 10-5, 10-6

18
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APPENDIX A

PROGRAM LISTING
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The development of the Quiet Radar Processor covariance
analysis was performed on the AP-120B array processor and a
PDP-11/10 host computer contained in the Data Acquisition
and Analysis System [6].

The simulation was written in Fortran utilizing the
high-speed processing capability of the AP-120B. The
program contained calls to AP math library subroutines and
to AP assembly language programs which simulate processor
elements [2]. The input to the program is the same as the
Monte Carlo simulation input in Reference 2, Hence,
providing capability of ready comparison between Monte
Carlo and covariance analysis results.
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List of Inputs

CARD NO. VARIABLES FORMAT ;

NC

Length of pseudo-random code

NSCLK = Number of samples per code clock
period
NFILT = Number of FIR filter
samples
NSNEW = Sampling rate reduction factor
* NWAIT = Delay in FIR filter output
1 NP = Number of two pulse canceller %
stages 1615
NDEL = Number of samples in MTI delay
NFFT = Number of FFT samples
NCINT = Number of non-coherent
integration samples
NFA = Number of different thresholds
simulated
2 IC(I), I=1l,..., NC = One period of the
code 8011

(consists only of ones and zeros)

3 FSAMP = Sampling rate
VMAX = A/D converter saturation
voltage 2E15.4
NBIT = Number of bits in A/D converter I5
*
4 NQISDB = Noise power in dB
SIGDB = Target return power in dB
FDOP = Target doppler frequency in Hz 3E15.3
KT = Target delay in number of
samples I5
*
, 5 DISCDB = Distributed clutter power
in 4B
SIGMAF = Clutter spectral spread in Hz
XM = Clutter DC-to-AC power
ratio,m? 5E15.3
A = WEIBULL parameter I5
FIXCDB = Fixed clutter power in dB
| KF = Fixed clutter delay in number

of samples
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List of Inputs (Concluded)

CARD NO.

VARIABLES

FORMAT

Gaussian Curve fit parameters
(x(3)1, [y(3)] and [z(]j)] for j=1,

6E12.5

FIR impulse response samples.
NFILT numbers, five per card.

5E16.8

Pre-FFT weighting sequence. NFFT
numbers, five per card.

5El6.8

ALP(1) 1I=1,...,NFA = Multiplication
factor to control the threshold
levels

5E16.8

48

NRUN(I), I=1,...,NFA = Number of
Monte-Carlo trials for each
threshold setting.

1615

CFARK(I),I=1,...,NFA = Multipli~-
cation Factors to Control Range
Cell Averaging CFAR Threshold Level

5E16.8

50

CFAFK(I1),I=1,...,NFA = Multipli-
cation Factors to Control Frequency
Cell Averaging CFAR Threshold Level

*Denotes inputs used by covariance analysis.
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C

C

C

C

C

C 15 UF THE FUKM (FWCA) M (FWCA)*®T wHERE

C M IS Iue INnPUT CUVARIANCE MATRIX NIN X NIN

C A 1S CANCELER MATIRIX 4 X NIN

C C 1S LUw PASS rIL1ER MATKRLX NFF1 X ™
i C w 1S PPl wEIGHLS MATRIX NFFT X NFFT
! C b 1S FET MALRIX NEFT X NFFT
. C wHEKE MNEF1 = NU, UF FE1 PUINTS
i C M 3 (NFFLI=1)NSNEWSNFILT = INPUTO 10 LPF

C NIN = wSCH*NCHN =2 MeNLELETUL, NU, UF INPUTS

C NPILL 3 NUe UF ¢1IKR FLILTER CubbFFILICIENTS

C wSNEW = SAMFLING Ralk REDUCTIuNn FACTUK

C Noelb = NU, OF INPUTS BEPUKE MTLI OVUIRULI

C NSC = 1wPUL SAMPLES PEK CULE

C NC 3 CUDE LENGTH

C N = NUe UF LRANSMISSIUNS

C TYPLICAL hUMhLKS

C NERT td

C M = 4U3V

C NIN = 4092

C NELILT = 144

C NSNEw = 62

C NDEL =2 62

C NSC = 2

C NC = 31

C r = 06

C

FUORTRAN PRUGKAM FUR PEXRFORMANCE ANALYSIS
UF QUIET RADAR S16NAL PROCESSUR BY
CUVAKIANCE MATKLIX JECHNLIQUES, THE

MATRIX SIeS REQUIRED USE UF An AP=120
Anb A PLP=11,

The. MATRIX TRANSFURMATIUN

ASSUMES DECUDING CumMpPLE JRU

CUMMUN/AKKAY/ZW(D4A) ,CN(BOV),CEARK(Y) ,FibLLI(2V0),S5T1(64),

2 S51LCS(04),SIGNSLB4),50ALET(0Y)
CUMMON/ZCONODLZNC , NP LU ,NONE W, WE ,NUE LN E ] pivln,NEA,T,NWALT,
$ NULO ST, LLIOCLI yNCER L sA,SIGMAE LNl ,N

AnULS
JOPK

K AL
CALL
Cal.l
CALL
CALL
Sl
(A

Ckar

pisevdlun

At kUN
SIGNU

SUpruulline LuPr
Cursru/Arnng/wliod) yCRIOUVV) yCPARN(Y ),k LLI(LVD) ,011(04),
2 S5I6Lo(ba),51uNS(bA),dLALET(0G)

Currun/euhsSisznd
2 o nULS ) SLG,ULSCLE »NCFETsAsSLGMAE J LT, N

oNEILT ,NSNEwW, NPy NUEL,NEE L yNLivyNER, T o hwATLY,

wklGHl1(o4)

R —
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12

1

lv

UDAMENSTUN REn(IVU) ALY ) onrvUn(Y),CPAPR(9), 00 (Tuu)

HEAL NULD,vuldUB

EVULVALENCE (ALN, ALY KU, CEARRN,LC) ,(worbrdiun))

114vrul

KeAU(S,0) NC,NSCLER vk JLL ,NSvEw ,vwALD , ¥P Uk i,
WEE T onCiNL,NEA

REAL(D,£)LLC (L) ,131,uC)

tUukmAT (1015,

FurmAllbBUEY)

FURMALLLELD (4, 1))

KEAU(S,3) vOAmE ,vMAR,NELT

KrAD(S,4)nulSUo,dLlGUub LUK, k1

FIRMAT(3Elb,3,15)

KeaU(9,9) vIOCLER ,000MAr gAM gl F LACLIY, KP

FUr>AL(DLLID,3,1D)

npAli(S,0) (ALINCL),1=13,3V)

PUFrMAL (DL Z,Y)

REAL(S,7) (FlLLIUL) 031,k ILY) |

FIr*A[(SElo.n)

REAL(S,7) (weldGrl(l),1=),Nrel)

KeAu D, 1)LaLbPil), =) ,0uEA)

KE AL (S B8 ) (NKUN(L), 131 ,NFA)

FURMmAT(1B]S)

ReAv(S5,7)(CrARKR(L1),1=2),0vbA)

KEAD(S,1)

REAU(S,) 7I(CFAFR(L ), 12t ,nkFA)

KEAD(DS,1) nEt

VU §2 1=sl,nEpkd

SIGCO(I)=0v,

SIGSLL)=v,

CunTinUE

Lu (7 Ll=1,000

Cr(l)=su,

CUNLINLE

bu 10 3),velll

CrR(l)sriILILL)

Cuml fnUE

131 ,/7FSAMP

PACLISU,2302bH

vehsl /7FSAME

NCPE ISNCENEF L

NULSSEAP(PACLENUISUYD)

SLGSEAF(FACLESTOLUY)

DESCLT=RAF(r ACL*DISCUB)

NEINTSNEFL

NINS(NINT=L)SNONEW+NWALTENPENDEL

NMUDSEMUL(NIN, vC)

LE(NMUD gNE 4U) NMNINENINSNC=NMOD

WwCHbESNLIM/Z L

vablL,Lz=LeL¥FLUALINEIN)
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C

1Y)
i

11
1

& W

13
1
2

43

24

14
1

15
|
p
26

1o

*

Py

uulpPuT
PRINT 40,LwEkli
FUKMAL(Z710Aa, 'PRUCESSUR u=B?/
LU, TOWELL LiME = ',e12,.9)
URINT L1 oNC,8CLR NP NUELNEET g DAMY
PURMAT( /710K, 'CULE PLkIuL = *,15/
10K, ' wUe Ut SAMPLES PER (LILICAN PERIUL 5 ',[I5/

1UX, *nu, ufF PULSES CANCELLEDL In MT1 = Y L15/
1VKy'NO, UF SAMPLES IN MT1 ukbLaY = ',15/
1uX, '"Nue UF FFT SAMPLES = ',15/
1UuX, 'nu,e UF RANGE CLLLS IN CFAR WINUUW = ',15/
10X, 'SAMPLING KATE AT INPUT = YLEL245,Y HLZY)

PInl 13,NSNkw, NWALE,NFILT

FUKMAT (/10K , 'SAMPLING RATE REDUCTIUN FACITUK = ‘L1157
LUK, '"NUMBER UF TKRANSIENT SAMPLES DELETRD = VY ,1%/
10K, '"N0U, UF FIR INPULES RESPUNSE SAMPLRES = ',15)

PRINT 23

PURMAL(/IOX,'"FLLIER CUEFFICLENTS'YZ)

PRINT 24, (FILIC(L),Ll31,NP1L1)

FURKMAT(S5X,5E1b,.8)

PRINT 14,51iGUb,NulSLY

FUKMAT(/10X, '"TARGET RETURN PUREK = ',El1Z,5,' LB'/
JUX, "NULSE PUWER = Yak12,5,' LuY)

PRIN]D 15,D1IS8CUbB,S1GMAF ,A

FURMALC/Z10A,'D1STIRIBUTED CLUTTEK PUWEK = YL EL12,.5,¢! vbt/
104, "CLUTLER SPRCTRAL SPKEAL = ',b12,5,' HZ'/

10X, "wkIBULL PARAMETER = ',£12,9)

PRINT 26

FORMAT (/108, ' wEIGHT InG CUEEFICLENTS /)

PRINT lo,(welGhi(1),I=1,NFFT)

PURMAT(SX,8E15,95)

AP CLEAKR

CALL APCLK

CALL vCLK(U,1,32767)

CALL AbPwK

KETURN

ENU

SUbKOUTINE APKUN

CUMMUN/‘RRAY/“(64);CR(OOO)'CFARK(9)0FILT(ZUU)oSTl(b4)0
SlGCS(Oﬂ)'SIGN§(°4).5CAhET(°4)

CUMMON/CUNSI/NC.NPILT'NSNENoNP,NDEL'NPFT.NINaN?A,T,NWAIT'
NUIS.SIG'UISCLT.NCFF1.ApSIGN“FalNT.N

DIMENSIUN mM(6000)

REAL M,NUIL1S

DATA m/13%} e rH9998y ./
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e NeXKe]

S¢
(YY)

1uv

L]

AP INITLIALILATIUN

PIe3,141594654
GENMERATING une kUW Ur CA MATIKIA

I‘P.Lhoz

NUe UF CULS, LGUAL wPENLELeNETILL

NEL2SNDEL¥2

NOeELlsSNDEL+]

vy bu Jsi,nb

by SU jis=wuvkbLl,NDELZ2

CR{I+NDELZ)==Ck(lenbEL)

ChlenvUEL)2=CROLI+CRUL+NLIEL)

Cr(b)=CRk(I)=Cr{l=NURLL)

Cunl) LUt

Cunljiwuk

AP LhlA EMLIRY

NCmMSnELE v enE LI

WUUKSZU0U+ v jie ]

NLUbk Sl UR+vin=1]

NlMEpNln=]

NIlwL=Sé¥N]lne]

Lauk FPUR GearRALING CLUSTERK AND wULldOE ARKAYS

vy 1ou Lwmlsy,d

GewbrhATinG UNveg KUW UF Tk M mMATKILIX

le tiivigbugal) G LU /O

AKGE 2 L¥5 |l LMAEFL

[VIVENE" A B RS B 7]

PlL)S((=(AanGR(l=1))292)/¢,) 4

Cuwflnie,

Cutdinue

CALE AFULK

CaLb VOCLKr(U,1,32/b1)

CALI: AbwWK

Cabl, APrUltw,l,iver i ,2)

Chili APHFULLCK,LOU,NCY , 2)

CALL APPUT(r LK, )1, 2)

Cal.d, Abwi,

CALL VMUV (» LUK, =1, 400U, ), 11 x)

letInlobued) Chbi vEXFLZUUU, L, d0ut 1,0 b))

CALL KPwi

CALL Akt al

CALL abkred

Calilb Ak wk

Cuml inUe

e Lk

[ AT]V]

Subkul)) Live Are Xl

CUMMUN/Z/ARKAY/ZALE4) ,Ce{b00),CEArRr (YY), ,rlLilsvu),oll(bd),
SI6GCO(B4) ,0LUnNol0e) ,dCALEI(NG)

CurtmU/ZCONOLZi0 yivk Ll gvoiib wy ik b Lipter b Toltipgnurbayglonwnall,
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)

3u

lu

i +

i

N

nOLES 'SIG'ULSCLI .NCl' fT.A,Sl(,hM' "lNTpN
KEAL NULLS
WCMENDEL*NPENFILY
AP EXLCUIE

LUUP 20 GENERATES M3T(WCA) M, (WCA)+¥1
43 IS AN NFE1T X NEEL MATKIX

M3 IS S1UKEY Ruw bY KUw pRUM STAKLIING AUDKESS 2400y

leb=2400V

Im]i=200v

PO 20 lw=l, kel

LUUP 30 GentkrRATES Uk RUw UEF M) wherk MIS(wCA) M

Une. kRUw HAS NIN ELEMENIS

bu 30 1lmL=)1,NIN

IMENIN=IFL+IM]

lE21400VU+ ML =]

CALL VNUL(lub,l,lﬁ.l,bUU.l.NC”)

Chpnl: Svhtouu,l,11Vu,nCH)

Cabb HiNULllw.l¢1100alt 'l'l)

CALL Apwk

Cunl iivhy

IMISimrlenoibw

le=lduou

LULE 10 GEnkrALES UNE Fuw Ur PR3 nbhbRE M3s(aCa) M (wCA)Se]

Uk Ritw mad> NEPf Pukmenid

vu IO Lweg=lr bk

LAl vaULCIuu,l, ik lebQu,l,NCR)

Cand SVELOUUL, b, 110U ,RUM)

Chblb Vvomub(ing,1,110U,0kP,1,1)

CRuLL hbwk

LeSitruone »

Iev=sley vt e )

Curpintic

1t SLdUULY ) »

Crned b i,

KE JUkD

[ATRR

ouLHELU L Livk APk PE )

CilomiphZhbhrai/Znlea) ,Chlbu0),CrARR(Y),riLT(200),5T1(04),
Slulbloae),bltiolo4),0CALEL(LA)

Cuv YO ZCuno i ZvC b 1L pgnonew by NUELoEET ynLv,NEAR T ,NNALT,
"v"ld.b'b,llleLl sol b F 1 '“abIGM‘\" ,‘N]"N

rr Al l\'lljh

Plsd,laldvendy

FrnbunrYiiel r M k88

Cadbithe, (ol renCt Arjen Pl

hr oStk ri

e, Pl AL P PATKRLIX

r 15 a tbrl A ekl MATR]LA
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C

(1Y

100

F 1S SEPAKATED Inl0 SAN AND CUS maKICES
NCUSEY

NSINEOUOU

ZekUSV,

CALL APPUl (et 34100,1,2)

CALL Arav

FIN B(2otPl)/0bLS

VU BU 18], ,hplS

JsSie|}

FInNCEPIN 8y

CALL APFRUT(ELINC,32101,3,2)

CALL AlkwD

CALL VRAME(JIL700,34701,04000,),0b00)
CALL VCUS(1200U, L o NCUDS NP ET oNKLS)
CALL VOInLIQuuUU L onis i NPT ,NELD )
CALL AFWwK

NCLOENCUSH]

WSINESNS]ve)

Cunlinuk

GENLERAT ING ¢ &%)

PERFUKMING t M3

CALUL MMUL(U,1,2400U,1,0400U, ) b kb d b L)
CALL MUt (o000, 1,390V, ,0B00L, b el L bk T o00bF )
CALL MTRANS(U,l, Vol ovbF L, bt T)

CALL MIKANS(6UUU, ) 40000 ek ) ,NFE )

CALL APWK

DETERMINING DIAGUNAL ELEMENTS UP b mi r®e]
S5TUKke ELEFENTS AT AVDKRESS 24900V

mC=0

M3ET6000

10224000

HFTCEB12000

NFETS=E1800

LO VU 1E),vE D

CALL VMULINELC ik TS oML ,1 ,MC, 3 ,8PTS)

CabLb VMA(NP IS, PIS oM8, L oMC,o L gNS, NP ILS)
CALL SVE(MO,1,10,nP1LS)

CALL APwWK

MC=MCeNPLS

MOZmSeNPTS

Jusluyel

NETCENETCe

NEF1SEnELS]

Cunillinve

SFUINEEUGY ) CALL APGRILSIGND , 240U, k¥ T,2)
AFUINT sV o) CALL APGEL(SIGLE ,c4LULnEFT,¢)
CALL APwp

KETURMN

enND
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sunriLlive Ckar .
CUMMURZBRkAT/Zn(04) ,CHIDUU) ,LFARR(Y) ,F4bLL(2vU), 01t (0a),
¥ olutd(od),Slund(ov) ,0CALET(04) '

Cumr o /Cuna L ZnNC oNe ]h‘,“bﬂbho“‘r "\DF'L"“'Fl'f'lll“'l'f“ol"\iw“‘l'
£ Ul L 0l Gk BCLEWNCEET A, DLUMAr JUNL, 0

GlrelolUN sCh(auet) 0 iltoa) ,0TiT1(04) '

JARENS TN Fu(Bd),5umbuLlhg)

KE AL vudd ‘

CALL ASOLOGN(I,'URLICEANR LT 40, ven!)

ek Lk F)ur S(IUU'IZU’UQJJ)

Call weupltoldSCLT,A,w(CL)

sy '

Waa2l LU

9 Gt U eiie
V1 W O E U G
ARES(EaRAlLl)*y
BEAS] 7/ tlav(anbrli) )2
Ly Sunl k=), uttkd
SUrY LR )SO LU

5003 Cunid fuue
D 50630 NaS]),nwa
DL Susy rSienbPr
LLLARDIZ#ULARK)FSLIGCHLA ) SN HEOLLNO(R)
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10

2V

30

%0

3 S1GCS(04),51Gnh5(04),SCALET (b e)

2 NULS,SIGsVISCLENCEET A,SIUMAR pINT )N

PUKMAT(1645)

RETUKN

&ND .
SUBRUUTINE wbULLLDLISCLY ,A,wCL)
DIMENSLIUN wCL(1000)

LU 10 Li=}1,1000

RsKAN(V,0)
wCLCL)B(ALUG( 7L a"R)))SEA
wCL(1)=DISCLTI®WCLILL) /2,
CUNTINUE

Sumz0,

VU 20 I=1,1000
SuMsSUMenCL(])

CUN] INUE

SumMsSuM/ivuy,

DU v I=1,1000

WCL(1)=2u]lSCLTI*wCL(1)/5uUmM

CUNT ANUE

WRITE(6,50) SUM

FORMAT (/70X 'MEAN UF UNSCALED CLUTIER CKOSS SECIIUN SeU 1S5 'tevu,
RETURN

(XY

SubkUUTlne SIGNU
CUMMUN/AKRAY/w(08) ,CRIOVU) ,CFARRN(Y) ,F1LI(200),511(04),

CUMMUNZCONST/NC o NE UL g NSNER NP o NUE L W FL Nl NFA,T,NwAlT,

KeAL nOLS

PIrERSIUN 11(06)
NWALTENWALL =]

PI=23,14159205

CUMPUTE FREVUENCY INCKEMENTS
FAC13) ,7(nFEL1¥nSNEW)

ieRusv,

InlT1IALLLZAT LUN

CALL APPUT(LERU,32700,1,2)
Call APPUL(PILT,30I50,NF1LT,2)
CALL APPUIL(%,3V000,NFFT,2)

CAul. APwy
NUZ 32000
AKEZ,*PisEACI f
LUOP FUR S1GHAL PUWER CALCULATIUN R
DU 15 RBL,NEFT &
AKGEAK®(Re]) &
CALL AFPPUI(ARG,32101,1,2) é’ )
CALL APwD $’é§‘
CALL VRAMP(3270b,32/061,12000,1,N1N) <¢§ $
S
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10V

Led

- wR1TEtO,101)

CALL VSIN(1200U,3,0,01,N1N)

CALL VCUS(12000,1,0000,1,NIN)

CALL MT1(0,NUEL,NPoNIN) |

CALL PIL(6000,NDELNP,NIN)

CALL FLKT(0,30750,28400,NFILT ,NSNEW,NWALT ,NFFT)
CALL FIKT(6UVU,30750,28401 ,MFLILT  NSNENNWALT ,aEFT) ;
CALL welGHE(28400,3V6000,NEET) !
CALL CFFTB(28400,29000,NFFT,1) ' :
CALL CVMAGS(29Uu0,2,29600,1,NkFT)

CALL MAXAV(29000,1,NU,NFFT) c
CALL APWR H
NiJsNU+1 ' i
COND InUE i
CALL APGEL(SCALEL,32V00,NFFT,2)
CALL APWD ;
SIGNAL,NULSE AND CLUTTEK AKKAY UUTPULS
LU 10 L=1,wFET
KATISABS(SILCS(L))/7ABS(SLGCS(1))
LF(RATlL1e1,E=3) 51GCH(1)=0,

CUNTINUE

FUKMAT(1"1///lbl.oHSthAhabe,bhhulsﬁg37x.7HCLUTTbK/)
wRile(o,100) (SCALEI(I).SlGNSll)pSleb(1)¢l=l.NFFT)
h,IKMAI(13)(.:.10.!!.2Ixat.lb.d.'l‘lkghlb.u)

Du 185 K31 ,NEE]

tllh)=UJSCLT‘SLGCb(K)+hULS'SIGNs(h)

TESTSTIANR) .

IF(IEST ot 0o 0, ) 1ESTE1,E=10
SIILR)=(SIGSSCALET(N))/ZTEST

CURTINUE

KETURN

(XY

?Eﬂmﬁﬂﬁﬁg

aauiTd

g & 51 q VD‘G /
ts?ﬁqﬁi !

N4 Lo .

saoth GV *
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APPENDIX B

RANGE CELL AVERAGING CFAR THRESHOLD
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The range cell averaging CFAR threshold is calculated

N

-xl X -
Vrk = ¥ ¥ =1 25k (B-1)

where Vpg is estimated threshold

Zik is FFT square law output

N" is CFAR window length

K is scale factor for a specified average probability
of false alarm

j is range bin index

k is frequency cell index.

For a system as shown in Figure B-l, if I and Q are
Gaussian, then zjk is an exponential distribution. Thus,

2
-2../20.
- 1 jk "7k -
P(Z‘]k) = 2—-0—T e . (B=-2)
jk
I,
™ 2
Qj - FFTk b 4 ij

Figure B-1, Detection System,

It can be shown that, by knowing Equation (2), a
probability density function can be derived for the -
threshold, obtained in Equation (1), and an average PFA
can be found, i.e.,

e 1
PFA, = —————
S ey
1+ X
N
where
3 02
_ _Jjk__ variance of range cells of estimate
™k © variance of range cell of interest
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Assume all range cells have identical noise, i,e, T = 1

2 _ 2
or °jk = 0ok ! then

-N
K=N()TPFR - 1).

For example, let PFA = 10=6 and N = 4, then

K =4 (-4|/1o-6-1) = 122.5

CFAR threshold constants used in the analysis are given
in Table B-l.
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TABLE B-1. CFAR THRESHOLD CONSTANTS
PFA N K/N K
10-3 4 4.62 18.49

8 1.37 10.97
16 0.54 8.64
10—4 4 9,00 36.00
8 2.162 17.30
16 0.778 12.45
10-~5 4 16.78 67.13
8 3.22 25.74
16 1.05 16.86
10-6 4 30.62 122.05
) 4,62 36.99
16 1.37 21.94
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