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A SHORT-PULSE AREA MTi

INTRODUCTION

Most radars in the past have used doppler information to discriminate between moving
and nonmoving targets. Systems using the doppler principle such as systems using a moving- :....
target indicator (MTI), pulse doppler, phase progression on long codes, and modulted..CW
have been studied extensively [1,21 . An alternate means of discriminating betweea.rneving
and nonmoving targets is an area MTI [1]. Early work required storing a completedpani."of
radar video on a storage tube and subtracting the next scan of video from it. As suggeSt&.
in a recent patent application [3], this could be done on a pulse-to-pulse basis using miuch
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 object is; .. i ...
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 various.
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 representd'l~atdtioge
band by i...i 

Xll = m(t -r) (cos 4') + nI11

and

XQ1 = m(t -T) (sin ) + nQ 

for the echo of the first pulse and

XI2 = m[t-(r+2vTl/c)] [cos(4'+codT)] + nI12

and

XQ2 m[t - (r + 2uTl/c)] [sin(4 + dT)I + nQ2 ....... ..

Manuscript submitted August 10, 1977.
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BEN H. CANTRELL

for the echo of the second pulse, where x 1 1 XQ 1 x12, and XQ 2 are the in-phase and
quadrature comoonents of the first and second echo sinalsk mi . ki t-he pulse enviope,
t is time, r is the transmission delay at the first pulse, 4' is an arbitrary phase, v is the
velocity of the point target, c is the speed of light, T is the time between pulses, and WdT is
the phase shift of the carrier with respect to the first pulse echo due to the doppler shift in
the radian frequency cad. The terms 11 , nQ 1, n12 , and nQ2 are zero-mean Guassian noise
with variances of or, and they are all assumed to be independent. The pulse envelope m(t)
is assumed to be

MiM = A S 2U 1r2
U W2 _u2

where U = 1.44n thj,, A is the pulse amplitude, and is the pulse width defined by the
3-dB points. The signal-to-noise ratio S/N is then defined by

SIN = A2/2,U2 . (1)

The two successive pulse radar echoes are envelope detected, which is described by

rl= x2 ~ +x 2QIiQI

and

r2 = XlZ * Q2 

where r1 and r2 are the envelope-detected signals of the first and second pulse respectively.
The moving-target detector operates by storing the returned signal as a function of range (or
time ) from the first pulse and subtracting the return at the corresponding range (or time) of
the second pulse. This operation is given byy =r -r2 . (2)

A typical set of time history recordings of r1 , r2 , and y are shown in Fig. 1. Due to
target motion the pulse position of r1 and r2 are not the same in time; consequently, when
y is found, a detectable signal remains. Quantitative results of the system performance are
next obtained using the positive residue of (2), nhich !T- s4ufficient due to -. movw

NOISE CHARACTERISTICS AND THRESHOLDS

The probability density of the outputs of the envelope detector r1 and r2 under the
previous assumptions is a Rayleigh distribution given by

,~~~ IU _t -~~a -, _ .,ra _.2 llo-2

2
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(a) Video return rP from the first pulse transmission

(c) MTI output y - r" - r2

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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BEN H. CANTRELL

where r, and r2 are independent. Probability theory states that the probability density of
the sum of.two independent random 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 probablity density given noise p (y (N) at the output of the
MTI is

PY; pV) I J Pr2 k'r1 T y rl k' I I Url i

When (1) is used in (3), the desired density becomes

20r2 2

where z = y/2o and

2 00
erf tV1-fZeu 2du.

The density has a mean of zero and a standard deviation of 0.926a, which was found by
numerical integration. The density p(y JN) is shown in Fig. 2 for a = I.

Using only the positive residues, the threshold setting y as a function of probability of
false alarm pf was found numerically by integrating

Pfa = p(yIN) dy,

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
mulltiple hdy 9b r 2ut findri the thresholdA ;, The fcae wlhen Siqntiplunrs nisei s reseita *c nma
discussed.

SIGNAL-PLUS-NOISE CHARACTERISTICS

The probability density of the output ri of an envelope detector when the input is a
sinusoid in additive Gaussian noise is a Rician distribution given by

(1 ) .ri +(r2+m 2I2 mIrimJ for i = 1, 2, (4>

4
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y

Fig. 2 - Probability density in the case of noise at
the output of the MTI with a = 1
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Fig. 3-Curve relating the thresh-
old y to the probability of false
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where m is the amplitude of the signal and Io ( * ) 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 r1 and r2 given in (4). However closed-form
butlioans were not obtained. Consequently the results were obtained numerically. T he or-
relation (3) is approximated by the discrete form

N-l
p(kA) E p (iAp 2 [(i+k)l ]

i=0

where iA = r1 and k A = y, with A being the distance between samples. The probability
density of y, given signal plus noise p (y [S + N), is more easily computed using the fast
r ULLLv-f Lffv1U11L, lilc sel (SrLLefvlzuli sU~trebpUiIUs tA.J W£zWpA1t. ¶U-f uLfl U IAUti1'JLI UUfU-X.

The result is

p[yl(S+N)] = IDFT [DFT*(pri)DFT(prz}1, (4)

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 [(S + N)I are given in Fig. 4. Figure 4a involves subtracting two
signals with a signal-to-noise ratio of 13 dB, and Fig. 4b involves subtracting a signal with a

s ~~~~__1 t It __e _:__- __ -. - --- 411¢ : _ L ._w___.T__ T ._L _ I_ - -_ 't -- IA,-

blglX--~IMA 'Wl9 1o0 UV "UM a1I olwitu w11ulli q. 11'V2Uiay1r vutal viab~ V -k MI > 

distributions are Gaussian-like with nearly the same variances. However the means are
considerably different. One case corresponds to a point target which is not in motion (equal
signal-to-noise ratio 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

Pd = f Pty(S+NU dy, (&)

where the threshold is denoted by y. A means of setting the false 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 obtained.

OPERATING CURVES

The result to be obtained is the probability of detection versus puint-scat;erer velucity
for various signal-to-noise ratios and a fixed probability of false alarm. The threshold
required for p = 10-6 is obtained from Fig. 3 and inserted in (5). Time is normalized to
the pulse width Tp,. The numerical methods outlined in (4) are used to find p[y t (S + N}1,
and the probability of detection is found using (5). The results are shown in Fig. 5. The
parameter P is a normalized velocity. Once the time between pulses T and the pulse width

arp e chosen, the velocity u can be found by reading ~ from the curve and computing

eTp
= -T 

6
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(a) When both r1 and r2 have signal-to-noise ratios of 13 dB
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(b) When r1 has a signal-to-noise ratio of 13 dB
and r2 is simply noise

Fig. 4 - Probability density in the case of signal plus noise
(S + N) at the output of the MTI with a - 1
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PARAMETER C = 2 v T/c Tp

Fig. 5 - MlI operating curves: probability of detection versus normalized targpt
velocity for various signal-to-noise ratios and a probability of detector of 10-6
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where c is the speed of light. For example a point scatterer moving at 30 mis and being
illuminated with a radar having a 2-n pulse width, using 5-ms time intervals between pulses,
and operating with sufficient power to yield a 20-dB signal-to-noise ratio will yield 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 an MTI 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 targets are 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 discriminating 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 require 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 operating
characteristics of the system could be computed.

The probability of detection versus target speed for a probability of false alarm of 10-a
showed a deep null in detectability for slow-speed targets and a high detectability for other
higher speed targets. Consequently moving targets can be distinguished from sdow-moving
clutter. The system has no blind speeds and can be designed to have no range ambiguities.
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