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Table 4.1: Mean square error in edge-signal reconstruction,

h MSE(AV) MSE (MED)
- g
1 0.49 0.64
2 0.81 0.81
3 0.9 1.3
h 1.0 1.96
5 1.0 2.9
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By 71%4 n29yn 112y 17a0 11ANPAY XYIP ARANAY MIANDAR DN any 11
+5.1 05PN MIRYINN 71D N ,2M+1 1IN MSS Tayn

N7 7N D?7HAPN D72NUR YU NBnIYnR nInravq n7¥PI19 73 ANYI aYnn
' LAMENY nrpIna
(5.27) kj(n) naTann

ky(n)=t (n)=1 (n-J)  1<|j|<M

B?327an 73¥ 7Y BIOD IMITAL PDINA TROPR 1P7AD 13170 i(n) 1°Yann

11173 ;13 3 .91 M?DINA 10 i (n) MIN?AT 1379 072DINA DPTNAPN
»([20]-2 8.4 97yp) 100 ,i(n) nwnvaT 9w wav a1y v kj(n),j 721w
77y21 ,qmpha 0?7DINA. On DA 121 j1<M .kj(n) 077NNA B71nphn

HINQIT NONTYAR N197BYN Nr¥Ean



- 64 =

£ (a)=EXP[-3a"R La1/((2m) M [r])? (5.35)
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(5.40)
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munmy (5.23)-1 (5.18) NMINADII MIVYAND ,PDJ(T) 71%an nymanen

»177an 73 712y avnY% 1071 ,2M+1 1IN 7aRPTR 1170 wy MSS Tayn iay

, (5.35) aN1wna nTaha n2TaTa 2M-n nonipnn n197a¥n n?¥ir119 NN
(5.45)-1 (5.41) ninnpa3 287 PDY(T) nna LPFAY(T) nn amiyymxa awn'

D71 107 K30 03IRD Q?YUR AT %3 773 12ayAn 1IN 1IN ?) NP
77PN AN MININA ,MY2NDPAN 11BNA 1NN NPITAY 231 ,87y0pn 1INy

J
PFA(T)= ] q,PFA’(T) (5.49)
J=1
PD(T)= Z 0 po’ (1) (5.50)
J=1
KD

MIN WN) LT qp oy 71%2 noayna X1w nRnAY n1anpan - PFAJ(T)
nrypnm Ly yvann ay pINA TNIPN 1?70R 110 yasan
A%i(n) PX7NMPI0INR

IyI0RT MR WK LT A0 ay 7174 129yna awn 217a% avanean - PoY (T)
RN RN TAT A PN KN AR Y .uJ VYRR Oy DIRA TNOEN 1?YAn vaa
J
oAy (m)

5.

3



- 68 -

- o7rgnmy j-a 17%anY @ra77nena eybpa Yv ronTa pynn 1170 q,

g
g ,=1
=1



- 69 -

nmxan ara9yIenn oy aNena ygan DN 2e Y1in EAL ) A R TA LAY

AN AT 970 7w anNnn nTUR L YPIn DNy 7117y TTIN AX1? pY qryp)
DIPTP1 Br7apnnn avyiyay .511nnn n?'7apnnn oryiYan ax1wn 1Yy
.6 7191 MNIDAD N1 hTen

0721270 37y M77Y1 DA ,clutter- MIN Y% N171117¥0PR N 9Y9aa
1°7A0 RIYYNND 1AX7?Y In71 NY ,{(2 719 aN1) AT nIN Yv y¥inhl nrrpox
1373 MYPL NIFAR L YEIR DIND TMIPAD YXIAAD NDAR . 71117%0D RN

| 71 723 n71apY n1wnnn1’,uvniy TITNY YPID MIN v n11’hun N NN

<TIXUD THAFN 17700 MIYYANY 1a¥77Y

1710 ,070114 772yn TIDN 7¥ 7OIN D7IMIA MINA TTayn a%e 1117a
MI72 D219 1707 L, 10870 yEY NINC 7Y 7Y190 DOIN TAyR *YIYa ?3 nriny
TMIFRA yYIAAA npNA NNy Yapnnn niRa Yy 2y19n ninn Tayn ryiyaYy
AANIR 1T PAyD | 77BN NN YiYnn YNy TRana ;711pnn YPIn nixn
,6.2 N7yD1 MWKINNA D7YINAN RIYAY n?2207107pa Wwrwa nYysn 17-Yy
TMITRA YXIBAN 10AA INKT nYagnnn nanna Yy »N7V170 a?ny nann Yy
1m) wr9w YToR MSS Tayny WIENER 1398 May v a3inna ane Yon
1 ;n111pnn 111801 T2Tayna *yixa s> Yapnn ;(w15w TN 2AR?Th
PYN2 17a ,51 1IN yiXa 11Yma TMFRD YyYINhA npna KT n%agnan

’ a7

NN TRIPAN YXIOAA DODRA NNY Yapnna naNn ;111ﬂnn Yin mx? mian
12 12 .N7°DN? vIYs 2117y 770 NIYYANL A1Y?7Y m=a ;?1mpnn'yp1n
RIDAN WINT 7270BA MIRA 7YY L,yEan MR 9Y 0'9yien mang Tayn yIva
NMIND NN INDA AYT? WN YTIAA 12799 .anaa n2any 7n1pnﬁ yX1nnn
7NN YPIN NIKD TMIPAD YXI10AA Ppnan Yagnnn

TNERA YEIn MKR Tmignn yyyana napan r17-Yy ragnnn miNn 3 nr1a
' :N2ID YTVAY nryn

72,127 DINA TRIEXR 17YA0 117A @700 arnw TITN 7annn niun -

.a? Ni111¥1 PBN yyInh

D??RIVN 0227700 730 79 010D 1170 0723yh 070P VTN Yagnna RN -

IR V7700 1370 ,clutter-a DN AX?TAA 17%0nn sb(n} .r(n)~1 b(n)
r{n)-1 ,Abb(m) AMTYTNFIVIN N7¥P1191 DON yYInn Yya 711y2Y ?DINA
1177 b(n) .cf mae1 vax yxinn Yya jay TDINA PNIPN 17700 1370

:717 9y navm Abb(m) 127871 ,73v IO *21pn 1*Yan



- 70 -

Abb(m)=c§p|m|cos(8m) ' (5.51)
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|m|

Abb(m) =Abb(m)p cos (Bm)=p=>

=>Bm=w/2
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PA(T)=aPFA_y (T)+(1-a)PFA, (T) (5.40)
PD(T,a)=qPD_,(T,a)+(1-q)PD_ (T,a) (5.61)
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R (2, 0)=A,  ([2-1]) (5.64)
ﬁii(m)=$§;[m|cos(ém)+;?6(m) (5.65)
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ABSTRACT

O

A passive system for detection of point targets against sky background
can be based on scanning sky regions by a linear array of sensors, and
|ndependent processing of each sensor output by a one-dimensional signal
processor. The signal processor improves the signal to interference

ratio, enabllng tentative detectlon of targets while scanning.

The purpose of this research is to examine the performance of various

one dimensional signal processors for such detection system.

The scanned sky background generally consists of regions which can
drastically differ in their statistical properties.Some regions show
blue sky in which the interference signal is dominated by the photonic
noise, caused by arrival time fluctuations. In others, clouds non-
uniformly i1luminated by the sum, can cause clutter signal, orders of
magnitude stornger than the blue sky interference. The intensity of a
typical point target is ten times the rms of the blue sky interference,

-and it is represented in the sampled signal by a single sample.

High-pass, WIENER and deterministic LMS filters have all found wide use
in such detection systems. A non-linear MSS processor, which subtracts
the median-smoothed input signal from the original signal is introduced

-here in order to compare its performance to these linear filters.

Two ways of estimating the signal processors’ performance were taken.
One was by assuming a model for the background noise, and the other by

processing real world data,

The general mode! suggested in this work, represents the background signal
by a sequence of stationary segments. Each segment is a part of a normal

random process with given average and auto-correlation function.

For each process, the false alarm and detection probabilities are

calculated. Assdming the transition regions can be neglected, the
overall probabilities can now be estimated,



False-alarm and detection probabilities calculation for the linear
filters, is done by common and known methods. These methods cannot
be applied for the non-linear MSS processor. Such a method was

developed as a part of this research.

An idealized background signal, incorporating a series of stationary
segments, each sampled from one of two random processes, was assumed

for comparison of processors performance. A white normal random process
was used to model the blue sky regions, while a coloured one was used
for clouds regions.

Estimated performance, using this model, was compared to that obtained
by processing real-world background signals. A fairly good fit was
demonstrated for the WIENER filter, and an even better one for MSS
processor.

The direct method for estimating the probabilities, is no more than a
full simulation of the detection system, mecessitating seeding targets
in the original sky picture. A simple and efficient method using the
processed-signal histogram, can be used for the linear filters. An
analog procedure, suitable of the non-linear MSS processor, was

developed here.

Principal results are:

a) All the processors (linear, MSS) perform better for a higher clutter

| correlation factor,

b) For high (p>0.96) clutter correlation factor, the third order (with
median window of length three) MSS processor, performs better than
the WIENER filter. The situation is reversed for lower (p<0.9)
correlation factor. |

¢} All the processors performs better at blue sky regions.

d) At blue sky regions, the WIENER filter performs better than the
third order MSS processor.

c) For mixed regions of high clutter correlation fador, the third
order MSS processor performs better than the WIENER fllter,

- f) At mlked regions, the fifth-order MSS processor performance is

inferior compared to the WIENER or the third order MSS processor.





