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ta rge t , t h i s t i m e using a n M pulse pulse t r a i n ,
b u t n o w a s s u m e t h e r e i s a complete l a c k

o f cohe rence between pulses.

• Assume t h a t o n c e again, e a c h pulse i s

processed w i t h a complex baseband matched
f i l t e r .

Un to : T h e complex matched f i l t e r output
o f e a c h pulse i s o f t he f o r m

Z m = Xm t i Ym
, Xm,Ym ~ N [ 0 , 0 2 ] ,
X m K i m ,

(Xm,Ym)# ( K i n ) , h t m .

2 5 . 3Re c a l l t h a t w e w e r e looking a t t h e problem

Tfdetection using M n o ncoherent pulses:

A s i n t h e single n o n coherent pulse c a s e , each
i nd iv idua l pulse r e t u r n h a s pd f

Undertt:
R m - lZm l , m = L , . . . , M .

fpm,corm)
= ring

5%7202
. I [off,m), M-1,2 , . . . , Ma.

( n .b . , The Rm a r e conditionally i . i .d. )
Underi:

fem,±crm) = rom
e ex p {-lrniztoAIJIofrmoA-zjqo.rs,),

M = I , Z , i . . , M



T h u s t h e log-likelihood r a t i o o f 2 5 . 4

I = ( R , i R z , . . . , RM ) i s

en.''t÷÷i.⇒.in#E..Iit-
=EienlII;:::mI)--Izilen#t¥D-
Ea]m e I

=
MIMI,.
tn [Io (Rft)] - LAI,
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F o r sma l l ×
, I o e x ) E I t X2, a n d f o r

y = I
, I n y

I y-1

T h u s f o r sma l l signal t o n o i s e ratios, w e have

t u I o f %¥) E l m [1+(12%15)]

= e¥ i
T h u s i t follows t h a t

l ( E ) ± Ei, Rui (Aa)-= (AFTER: - MIE.
m = I
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T h u s w e c a n implement t h e t e s t

i n t h e f o r m

L I E ) E (Ap)-II, r ' -
MAE E'

Ho

l o

⇒ ¥ pm
2 It,

m a * . biff - t .

Hence f o r wea k signals, w e h a v e t h e
s t a t i s t i c

T C E ) E ¥112' ,

which i s used i n a threshold t e s t .
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Fisting
O , T I E I E To

where

TCR-t-MI.IR
(square-Law Detector)



( f ) Alternatively, f o r × > > I , w e have 2 5 . 8

Tstrongsigual case)

I o w l I y§¥ ,
C x >s t )

a n d t h u s

informed)}ln[exp[REI]]-Zen (2×2=1)

e Rmo
Af⇒

ecet-E.ru#-MzAz=FzII.Rm-1¥
m = I

⇒ Firm 'I'
µ .
AITEII = : u .

2 5 . 9T h u s i n t h e strong signal c a s e ,
w e h a v e a th resho ld t e s t o f t h e f o r m

¢
(£t=¥"°)

0 , u l e t E l l o
{w
he
re

u I E ) = £ ' Rm
clinearpeteaton



S o w e h a v e t w o integration r u l e s : 2 5 . 1 0

LinearDetector l strong signal case )
H,

U C I ) - Firm 2
m - l H o

%

square-LawDetector : (weak signal case)

T I E ) =
ME
,

Rmz It'
Fo

To

I n order t o characterize t h e performance o f

t h e s e d e t e c t o r s , w e n e e d t o f i n d t h e

d is t r ibut ions o f i i . B ) a n d T ( E ) u n d e r both

Ho a n d H, .

Detectort a s t i n g . !÷ i ÷ i " " "
c a n b e found a s a n M- fo l d convolution o f

t hese distributions ( o r u s e characteristic fths.)

UnderHow:

ft.ocei-zm-
iiiitin.e.pl#4E..EpUnderH=

ft,±'t)- ztonmt.az/m-!expfltztoMfI)oIm.,fAEE)

• 'toots's



2 5 . 1 2
Computing t h e likelihood ratio, w e have

ur'=¥÷÷¥,-YEEY.it#expfmEIE""
Im.,lA¥)

I= K IM , A) at'm-"k. In-, (AFI) > L o

cohataTmootone
"creasing i n £

¥ ¥ H o

increasing i n £

¥ To⇒ T ( R ) >

Ho

s o t h i s t e s t i s a th resho ld t e s t o n T (R ) .

Given t h i s f a c t a n d t h e distributions 2 5 . 1 3

o n T C E ) u n d e r Ho a n d Ha , w e c a n

w r i t e
a

& (Mito) = P (Mio) = f ft,o I t ) d tF A

To

BCM.to ) = P , (Mito) = §ft,± I t ) d t
T o

T h e s e c a n b e eva luated numerically, andthen
f o r f i x e d M w e c a n plot t h e R O C a s

a parametric plot
{(dlm.to), PCM,To), Toelo,-)}.



2 5 . 1 4PerformanceofsquaiawDetector

HThe following numerically integrated

c u r v e s a r e f r o m

J . V . D i f r a n c o and W . L . Rub i n , R a d e
Detection, P re n t i c e -Ha l l ,

1 9 6 8 .

(Reprinted by S c i t e c h , 2004 )
Ep= energy

I n plots, Rp = single pulse S N R = 2,5¥ p e rpulse.

n i b n ' = " f a l s e alarm number" E 0%9,3
7

⇒ PIA = 0-19,31 (Also M - N i n plots.)
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SquareingwsDetectorNoncoherentPulsemTraginP
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square-
LawDetectorNoncoherentPulsmefragingPerforman
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M = 1 0
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square-LawDetectorNoncoherentPulsetrainperforman

M = 1 0 0

N o n - Coherent Integration L o s s compared 2 5 . 1 9

tocohe ren tpu l se teg ra t i on

•



Stretch Processing for Low-Complexity 
Radar Signal Processing

Wideband waveforms using LFM, phase coding or frequency coding are used in 
radar when high range resolution is needed.

These waveforms are often processed using a digital matched filter.

This requires sampling of the received signal at very high sampling rates (twice 
the waveform bandwidth.)

Stretch-processing makes use of the distinct structure of LFM waveforms to 
reduce the required sampling rate.

Stretch Processing allows for high resolution LFM measurements over a 
restricted range interval with much lower sampling rates than sampling the 
waveform bandwidth at the Nyquist rate as required by a digital matched filter.

Properly implemented, the range resolution is equivalent to that of the matched 
filter and the SNR is equivalent to the matched filter response of the LFM 
waveform.
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The Basic Idea of Stretch Processing
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Stretch Processing can be Modified for Additional Flexibility
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Automotive Radar Example (Rohling)
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We've looked a t h o w s t r e t c h 2 5 . 2 7

processing
i s used f o r a single L F M chirp:

i ÷ . .
I t c a n a lso b e extended t o C W L F M

waveforms:

it:i÷;÷÷÷¥÷÷÷
±÷.


