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Measured perfor mance of a sequentia l two - ste p dete c tion s cheme 

Abstract 

Measurements have been carried out to compare a sequential 

t wo- pulse dete ction scheme with convent i on a l single-pulse detection. 

Measured and computed results are in good a g reement . 

Theory , I 

In a simple sequential detection scheme for search rada r [1,V] 

a second pulse is transmitted in t he same direction if the fir st 

' 
de tection thre shold has been cros se d after t ransmission of the first 

pulse. If the second detection threshold is crossed in the same range 

cell as the first threshold, an alarm is registered. 

For conventional single pulse detection the probability of 

detection of a non-fluctuating target echo in normal white noise for 

a signal~to-noise power ratio (SNR ) R is 

where 
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is Marcum's Q-function and D is the detection threshold. 

If there are m range resolution cells (=bins), the fal s e alarm proba-

bility per bin is 

o:b. = Q( 0, D) 
l.Il 

D2 
exp - 2 

and the f~lse alarm probability per sweep is 

Cl = 1 - ( 1-a . )m R$ ma. . 
bin Ol.n 
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For s pe cifi ed values of a and m t he SNR corresponding t o Pd=~ ca n b e 

c omput ed. I t wi l l be den oted by RC(a ). 

For sequen t i al dete c ti on t he cor r e s pondi ng expr essi on s a r e 

a . 
bin 

and a follo ws f rom (4). 

The pro bability for a s e cond transmission in t he case of noi se only 

i s 

For the s am e values of a and m as be fo re the SNR ' s correspondi ng t o 

Pd=l can be computed for severa l va lues o f a 1 • They wi ll be de not ed 

by RS ( o: 'o: 1 ) • 

Now the gain of sequential detec t ion over conventional detecti on can 

be expresse d as: 

G 

where L is a loss due to the increased average energy per test for 

s e quential detection. 

L 

The gain of sequential detection can be ful l y exploited in the case 

of a search radar, whose search volume does not con ta i n any targe t. 
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In most practi c al situations the number of targets is so small relative 

to the number of c ells that the ga in needs no correcti on . 

Curve s of G versus a
1 

have been obtained for m= 1000 bins per 

sweep and for several values of a. (fi g . 1a , b ,c ,d ). 

If the same a nalysis is done for a slowly fluctuatin g Rayl e i gh targe t 

the resul ts are about the same . . I 

Measurements 

In order to check the the oreticdl results measurements have been 

made. A l i near pha se d array ( X-band, 4 0 ~lements illuminating a parabolic 

cylindrical reflec tor to obtain a pencil beam with 3 d B one-way beam­

width of~ 3° at broad side) performed an a z i muth scan over a s mall ang le. 

The false alarm probability was estimated by counting alarms in the 

cross-hatched area, whi ch wa s free of t~rgets and clutter (fig .2). Each 

s can consis ted of 100 targe t-free sweeps ~nd,in or der to estimate the 

probability of detection, 1 s weep in the direction of a target. Each run 

consisted of 1000 scans. The range interval under surveillance between 

r and r . minus a range ring at the target range rt' consisted of 
max min 

1000 ran ge bins. 

During one typical cycle of 5 runs the first and second thresholds were 

set at such levels D
1 

and D
2 

that the required probability of trans­

mission of a second pulse for noise only a
1

, and the required f al se 

alarm probability a were obtained. Then the radiated signal energy 

per pulse was chosen such tha t the probability of detection was 0.50 

(run 1). 
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Then, for conventi onal sing le pulse d e tection, t he thresh old l evel D 

was chosen such that the s ame f a l se alarm proba bili ty re s ulted and 

the detection probabi l ity was det e r mined fo r three values of the 

signal energy (1 dB apart) (runs 2, 3 and 4). 

Finally the first sequen tia l run wa s repea t ed a s a c heck on any cha nge 

in average targe t s treng th, receive r drift, ab sen c e of interference 

etc ( r u n 5). 

By interpolation of the results o f runs 2, 3 and 4, the signal energy 

required for a detection probability of 0. 50 wa s obtained. The ratio 

of the required signal energies for conventiona l and sequential detection 

is equal to Rc/R8 • 

Two t arget s have been used: t he ste e l tower of a former r adi o 

and television station, loca ted in the North Sea 9300 m off the coast 

(sea target) and a meta l covered factory ha ll at a dis tance of 15500 m 

(land target). The result s are shown in fig.1. 

The ma in reason for the spread in the r esult s i s that the average ech o 

strength was not constant during one cycle of measure ment s (5 run s with 

a total durat i on of 30 minutes), while thi s c hange could n ot be compen­

sate d for. 

Conclusi on 

The measurement s confirm the theoretica l results. A higher gain 

of sequential detection can be obtained by applying such me thods as 

rang e dependent thresholds to concentrate the improvement at the e nd 

of the range , reduced r ange resolu tion at t he first tran smission and 

increased signal energy at the second transmiss ion. 
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For instance a gain of 3.6 dB may be o bta ined for a false alarm 

proba bility per sweep a =10-4 and m=1000 rang e bins, if the resolution 

during the first transmission is reduc e d to 50 bins and the se cond 

pulse has 3 or 4 times the energy of the first pulse. 
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