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Radar Target Detection

ECE678: Radar Engineering
Prof. Mark R. Bell

q3.2-
Nonideal Aspects of Radar Target Detection

When we derived the matched-filter, we assumed we had complete knowledge
of the received signal.

In most radar detection problems, there is at the very least uncertainty in the
phase of the received signal, as round-trip motion of the target though one
wavelength corresponds to a 2t change in phase.

We rarely have a priori knowledge of the target position down to a wavelength,
so we must consider the effect of this on detection performance.

In the ideal case of known, constant, received phase and system coherence
between pulses, we saw that the matched-filter of a pulse-train corresponded to
matched-filtering of the individual pulses and then coherently summing the 1
results. This assumes: Q'

- knowledge of target-return phase
- coherence of the radar system from pulse-to-pulse
- constant target return (in amplitude and phase) from pulse-to-pulse

In practice, any or all of these may not hold.
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e We have seen that optimal detection of a known target in additive white
Gaussian noise is provided by the matched filter.

e This corresponds to the following hypothesis testing problem:

vVersus | ;
Hy:or(t)=s()+0(0)

|

signal

white Gaussian noise

e But two-way motion of one wavelength results in a phase shift of 27 radians
in the passband signal (the carrier).

e Soin general, we have a complex factor e?? applied to the received complex
baseband signal.

e Here, 0 is unknown, and is often modeled as a random variable uniformly
distributed on the interval [0, 27).

43.9
e Thus the received signal becomes
r(t) = es(t) +n(t),
~
e The new hypothesis testing problem to be considered becomes
Hy: r(t) =n(t)
VETSUus () complex white
" ¥~ Gaussian noise
i _2auselan nowe

Hi: r(t)y=e ;(t) + n(t),
signal

where 6 is unknown and usually modeled as uniformly distributed on
0, 27).

e Also, we assume that n(t) is independent of 6.
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However, in the case where the phase 6 is unknown, the problem is intrinsically

2-dimensional: Twwa .mar\( Veer +
of MF Ou+‘:\u+

Rea| Pact

of MF
°“4f“+

When we do not know the phase 6, we must consider both dimensions ( the real
and imaginary part of the matched-filter output.) There is i.i.d. noise in both
dimensions, and we get a contribution from both noise components.

The problem of detecting a known signal s(¢) with unknown phase 6 (i.e., the
problem of detecting e?s(t) - is called the non coherent pulse detection problem.
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Coherent and Noncoherent Pulse Detection ROCs

ET T T T T T T T T T T T T T T T T

1.0

Coherent Pulse

08l Detection

Noncoherent

0.6 - Pulse Detection

0.4 -
2F 5
I N,
02k i
0.0} i,
Bl L L L 1 L L L 1 L L L 1 L L L 1 L L L 1 4
0.0 0.2 0.4 0.6 0.8 1.0




3.2\

Coherent and Noncoherent Pulse Detection ROCs
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Probability of Detection as a Function of SNR
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Detection Using Multiple Observations (Pulses)

W/!-evl @ +ml/‘ 4L¢u+ df'/¢c7¢¢a.—1 of Mulh’;k

Pw(:‘es ) there ort e cases we nawet cougcder?

4. A coherewt - pulse s‘ys"/cm

7 ‘ i =t
\J \V; yv \/ :\..

Qstemtat)




i. A Colureu.‘f'-pulse s’ys’/em

| ‘ ‘L Ly L‘ NW} /N

C“S‘C {L t wl»\:c.l\ Pulse ~¢a~ u/sc caé-creu.ce ¢S
MMM‘(LQ_J o

ts
rcoc/cd‘ afe/a.‘he;v\ s It
P&‘”Q sk f+

allows ws —fo view =

'7(‘(:..«4 f._‘ (e —Fo - Iou Ge "ciused
lﬂ-{ ‘fanQ“‘ Mo“'tsﬂ .

———>t
\//WV\/ e

esseche [ r f«/c(-—Da{r ler

43.25

43.2b

2. A Nowcohereut— Pulse 57.:-/9.—-4

T rane 20— vkl (s
ue&:Pevnsc'uc

wed i oNar aud Jess
tecddear sr;‘-ﬁems, vhe osc/lotor s

.c-F-Faa[:ucl 4\4/«404 oM u’:’f"\ "fL-( —-'l(austu'wsco'v\

O'F Qqcl\- ’IM- Q?~ Ths ‘s uﬁu‘.lf o de (-e f(

&
b“( e [ ¢ e lo ces (44 ’A«se ~:44c:'>/ol* <‘ 1
~o ._Q,Z(CZ “'Z,‘[‘e' ot iﬂ&«wcls wwhere

@, feEsiy QM e @ s J-t/-l([n-; c\. l‘.q, A C°|2T¢") ik




We lave a[rcq,7 looked wr shis praé/*’m

>
whea we comlsidar matehed- ﬁ/~l¢l«o_j -’E:'Lj'f—

o F-« e Frein

Consider the waveform s(t) constructed by regularly repeating a basic waveforn
p(t) with amplitude modulation on each pulse:

M
s(t) = amp(t — (m —1)A).

s(8) m=1 Am = ‘7»’3‘,.-- ,M

(1 X
24 2A +4d
0 d A A+d ‘ ‘ (M—DA (M—1)A+d

e Here a,, is the amplitude of the m-th pulse.

The amplitudes could be binary(e.g.,£1), real or complez.

e Assume we receive the signal in the presence of zero-mean stationary noise
having PSD S, (f).

e We want to design the matched filter to maximze the output SNR at
observation time t = T.
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We know that in this situation, if
S() = Fs) = [ s,
Then the matched filter is given by
5 S*(f>€——z'27rfT
H -

Assanct S, () = No/2

Hs.2¢

If we take 7' = MA so that the observation time trailing the last pulse is equal

to the observation time between all other pulses, and we note that

00 M
S = [ st = 3 anP(pe T,
o0 m=1

where

P = [ T p(t)e i,

-0
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So the matched filter can be written as
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where Hp(f) is the single pulse matched filter sampled at time ¢t = A and given
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Hp(f)= Slzn((-];))e—i%rfA.
E / M '>< E
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SO we l'\fk\-’e— +|,Uo ln“',ejrq‘,'l.olf\ fu ’QS :
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Blnar\l In‘f'ea]rcd‘“;") ( see PP 5F7-63 of Levanon, Badur ﬁ',ﬁc«"plo.s)
v

Ano‘l“\er ﬁrm o; m“lti-Fulse ;u'{‘eyfu'l’lon 'I'Lm"- wlulc Weulz (s
often used s ’Bl.nm‘\/ In‘l’e’n—d':én .

Ideﬂ: SenJ M lses and J€4¢C+ eaclt rulse sefam-lely
and miffenden‘*'/‘/

« Whenever a reflected ,au/se C-fu;d) 1s ledected

Ass?n a 1,
e When no ~/ar7¢1‘ s Je"lec'fevl asscﬁn = __(2,

11 ---J 1 Pulse +ramn

| 3‘?' r?-"resf > ZuZa,00,2m
N We 7e+ a stream of
lhfalﬂl& 20 b,;\al\/ nuwmbers.

In lamar\/ m»le7m'//on y we dec[are a "/ar7e+ Ioresen"} if there
) t'n ke M f’ulse dp"'ec‘hons.

4 /"
are h o wore T hits (ce

ASSMVM‘IV\ ""L.ﬂ"{ "/Ae nor'se I'S S._/qa-h‘mar‘/) u3.64

we have thet Sor each Pulse.

(
A = ?F:): A ()o)
(1)

ﬁ:?D: @(%)

Thus F JQ//ows A kot the auercz” M-(Julse—
Jcc( se Ci/afm anc! Je'/‘ec?L/o\n frokab}/,"/'/'e_g

are
-m

P, (M) = )d (:—oc)

Py (M) = T{:ﬁ)p"’f'—m”'
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So in binary integration, we have two thresholds to select:
1. The single pulse detection threshold Ag.
2. The “hit” number threshold h.

There are often several (\g,h) pairs that will yield a particular false alarm
Pp(M).

We will want to select the combination (Ao, k) that gives the largest Pp(M).
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A sPecfa’ case: h=1 = P Ana,\IS;S
) \__._'__J
(umu.le;"'l:)c Pro'n. e—,C De“cc'hou

If we on/\/ need one sdccess , we have

(M) = |—(t—o<)M= 1-(1—&(203)"'
M
P, )= 1-C-p)" = 1= (1-p)

T+ &K<<'l (omrl o(<<[3) , Then
A, (M) Y Mo = Mo(,)

'/l
(M) = - (-p)" = 1= (1-gDw)) -

Tf| L<cl and 025<¢B 0.5 ; you can
79‘1' l/fr‘/ rea.sarmb/e fesu/+s .
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51'“5|a Pulse
Table 3.1 Required Detection Probability for Cumulative Detection Probability of 0.99
M 1 2 3 4 5 6 10 20 100

Polpy =09e| 099 090 078 068 060 054 037 020 0045




