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A SHORT-PULSE AREA MTI

INTRODUCTION

Most radars in the past have used doppler information to discriminate between movihg
and nonmoving targets. Systems using the doppler principle such as systems using a. moying- ...~
target indicator (MTI), pulse doppler, phase progression on long codes, and modulated CW
have been studied extensively [1,2]. An alternate means of discriminating between.moving
and nonmoving targets is an area MTI [1]. Early work required storing a complete;scan' of
radar video on a storage tube and subtracting the next scan of video from it. As suggested
in a recent patent application [3], this could be done on a pulse-to-pulse basis using much
less memory if a short pulse were used. The basic principle is that the video return from
objects which do not move will cancel and the video from objects which do move will
change range cells between pulses and consequently will not cancel.

This report analyzes a special case of this form of short-pulse MTI. The objectis’
assumed to be a point target moving at a constant speed with no other reflectors in the.
immediate vicinity. The returned signal is corrupted with thermal noise and processed.. . The .
result which will be obtained is the probability of detection versus target speed for yarious.
signal-to-noise ratios and a fixed false-alarm rate.

GENERAL OPERATION
A radar transmits two short pulse bursts of RF energy separated in time by T.

radar echoes from a point target corrupted by thermal receiver noise are represen
band by

x5 = m(t-7)(cos ¥) + npy
and
Xxg1 = m(t-7)(sin ) + ngy
for the echo of the first pulse and
Xpg = m[t - (r+ 2vT/c}] [cos (Y +wyT)] + nge

and

u

Xgo mlt - (7 + 2vT/c)] {sin (Y + wyT)] + ngg

Manuseript submitted August 10, 1977.
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for the echo of the second pulse, where xy;, xg1, %79, and xg ; ave the in-phase and
guadrature components of the first and second echo signals, m( . } is the pulse envelope,.

t is time, 7 is the transmission delay at the fivst pulse, ¥ is an arbitrary phase, v is the
velocity of the point target, ¢ is the speed of light, 7 is the time between pulses, and w aris
the phase shift of the carrier with respect to the first pulse echo due to the doppler shift in
the radian frequency wy. The terms nypy, ngy, n;3, and ng, are zero-mean Guassian noise
with variances of 0%, and they are all assumed o be independent. The pulse envelope m{#}
is assumed fo be '

miFy = —_—
2

ey 1]
U ,ﬁ.2 -2

where U =1.44x t/r,, A is the pulse amplitude, and 7, is the pulse widih defined by the
3-dB points. The signal-to-noise ratio S/N is then defined by

SN = AZj242. (1}

The two suceessive pulse radar echoey are envelope detected, which is described by

=  F.2 2
}"1 = X7 + le

and

- /2 2
!‘2 x12+xQ2 N

where r; and ry are the envelope-detected signals of the first and second pulse respectively.
The movingtarget detector operates by storing the returned signat as a function of range {or
time } from the first pulse and subtracting the return at the corresponding range {or timme} of
the second pulse, This operation is given by

¥y = !"1 - !‘2. (2}

A typical set of time history recordings of r;, r,, and y are shown in Fig. 1, Dueto
target motion the pulse position of ry and ry are not the same in time; consequentiy, when
y is found, a detectable signal remaing. Quantitative results of the system performance are

novt nhtainard nzing the nocitive vacidns nf (2% whicrh ie ctifficiant Aun o cummaotry
neXL oDLAINN USING 108 POSINIVE Yefigue oI (4], WIICH I8 BUITICIent Que o symm eury.

NOISE CHARACTERISTICS AND THRESHOLDS

The probability density of the outputs of the envelope detector ry and r, under the
previous assumptions is a Hayleigh distribution given by

i
FALY.
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Fig. 1 — Typical set of time histories of the video returns of successive
pulses and the MTI output of their difference
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where ry and ry are independent. Probability theory states that the probability density of
the sum of two independent vandom variables is the convolution of their two densities and
that the difference of two independent random variables is the correlation of their two
densities. Consequently the probability density given noise p{»[N) at the output of the
MTI is
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When (1) is used in {3), the desired density becomes

%2

" [tztez? 4 i—j(i - 222y (1 ~ erf 121}],

plyiN} =
20

where z = y/20 and

2 F _a
erf=———f 42 gy,
NE N

The density has a mean of zero and a standard deviation of 0.9260, which was found by
numerical indegration. The density p(y|{N) is shown in Fig. 2 fora=1.

Using only the pogitive residues, the threshold setting v as a function of probability of
false alarm pg, was found numerically by integrating

SCF

Pfe = f p(yIN) dy,

Y

and the results are shown in Fig. 3. The curve is read as follows. The desired probability
of false alarm is found on the ordinate and the value of the abscissa is read. This value is

multinlied by 2g ito find the threshold 7. The case when sienal nlug noise ig ?}'egent is next

LELRVALDAS EH L0 Syt Aiadta vaat) WIS TSIIIANR L SIS b Lo) LATLL wagd

SIGNAL-PLUS-NOISE CHARACTERISTICS

The probability density of the output r; of an euvelope detector when the inputisa
sinusoid in additive Gaussian noise is a Rician distribution given by

! y
p(r) = i ArFsm?)20® Ia(_’}‘g’_) fori = 1,2, {4)
g2 ¢

P—tr—
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Fig. 2 — Probability density in the case of noise at
the output of the MTI with g =1
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where m is the amplitude of the signal and I ( . } is the zero-order modified Bessel function.
The probability density at the output of the MTI processor is computed similarly as before
by correlating the probability densities of ry and rg given in (4). However closed-form
sotutions were not obiained. Consequenily the resulis were obtained numerically., The cor-
retation {3} is approximated by the discrete form

N
p(kA) = A 3 p, (A)p,, [(+R)A],
=0

where iA =ry and kA = y, with A being the distance between samples. The probability
density of y, given signal plus noise p{¥|S + N}, is more easily computed using the fast
Fourier transform, since correlation coresponds (o mudiiplication in the transform domain.
The result is

plyl(S+N)] = IDFT {DFT*(p, ) DFT(,,)l, )

where DFT denotes the discrete Fourier transform, IDFT denotes the inverse discrete
Fourier transform and the asterisk denotes the complex conjugate. Examples of the
probability densities p[y{§ + N)] are given in Fig. 4. Figure 4a involves subtracting two
signals with a signal-to-noise ratio of 13 dB, and Pig. 4b involves subtracting a signat with &
signal-to-noise ratio of 13 dB from a signal with noise only. In both cases ¢ = 1 and the
distributions are Gaussian-like with nearly the same variances. However the means are
considerably different. One case corresponds to a point target which is net in motion {equal
signal-to-noise ratic on each pulse transmission), and the other case corresponds to a point
target in motion such that the signal plus noise is subtracted from noise. Using only the
positive residues, the probability of detection is computed by

D

pa = [ plylS+M1dy, 5
Y

where the threshold is denoted by v. A means of setfing the faise alarm and determining the
probability of detection have been obtained for the noncoherent moving-target detector sys-
tem. The system operating curves for a point scatterer in motion are next obiained.

OPERATING CURVES

The result to be abtained is the probability of detection versus point-scalterer velocily
for various signal-to-noise ratios and a fixed probability of false alarm. The threshold
required for py, = 1078 is obtained from PFig. 3 and inserted in (5). Time is normalized to
the pulse width 7,. The numerical methods outlined in (4) are used to find xS + N)L,
and the probability of detection is found using (5). The results are shown in Fig. 5. The
parameter { is a normalized velocity. Onee the time between pulses T and the pulse width

7p are chosen, the velocity v can be found by reading ¢ from the curve and computing
{et,
Y7 Ter
6
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(k) When ry has a signal-to-noise ratio of 13 dB
and ryp is simply noise

Fig. 4 — Probability density in the case of signal plus noise
(S + N) at the output of the MTI with 0 = 1
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where ¢ is the speed of light. For example a point scatterer moving at 30 m/s and being
iHuminated with a radar having a Z-n pulse width, using 5-ms time intervals between pulses,
and operating with suffieient power to vield a 20-dB signal-to-noise ratio will vield a proba-
bility of detection of 0.5.

Low-speed targets have a low probability of detection, and high speed targets have a
high probability of detection. This is the desired effect of ann MTY which is to separate
moving targets from nearly stationary clutter. The notch width depends on the signal-to-
noise ratio, where the high signal-to-noise ratio fargets ave not as easily canceled when the
two pulses begin to separate in time. This system has no target blind speeds as in coherent
MTI's, and the system can be easily designed to have no range ambiguities in most cases.

SUMMARY

A means of diseriminating between moving and nonmoving targets using video returns
from two successive pulse transmissions of a radar was described. The method relies on the

fact that the echoes of moving targets change range and those of slowly moving targets do
not. For practical systems this may reguire fairly short pulses, in the nanosecond class.

The probability density of the noise at the processor output was found in closed form,
and the threshold settings for various false-alarm rates were shown. The probability density
of signal plus noise was found easily by numerical techniques; consequently the operafing
characteristics of the system could be computed,

The probability of detection versus target speed for a probability of false alarm of 1078
showed a deep null in detectability for slow-speed targets and a high detectabiiity for other
higher speed targets. Consequently moving targets can be distinguished from slow-moving
clutter. The system has no blind speeds and can be designed to have no range ambiguities.
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