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ABSTRACT

This paper presents an overview of recent progress of radar for the image detection and characterization of
targets. MIMO radar can improve on conventional target detection, parameter identification, and target
classification performance via diversity of, among other things, its simultaneously transmitted waveforms.
However, the mutual interference among the waveforms may lead to considerable performance degradation
in suppressing clutter near targets. The performance of the conventional radar for moving target detection
have been evaluated analytically mainly focusing on the Swerling model II, IV and V and their integration
loss during the signal processing related with the threshold voltage level of matched filter . Finally this
paper extended toward MIMO radar detection performance for moving target under the condition of

unknown parameters or other fluctuating model.
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1. INTRODUCTION

RADAR theory has been a vibrant scientific field
for the last 50 years or so [1]-[3]. Radar theory
deals with many different and diverse problems.
However, the two most important problems are the
detection and range estimation problems. The
importance of these two problems is not limited to
radars, and other engineering disciplines like sonar
and communication deal with very similar
problems [4]. Over the years, radar systems have
developed considerably. These developments can
be attributed to the increase in computation power
and advances in hardware design. While early radar
systems utilized a directional antenna, today’s
MIMO radar systems have gained popularity and
attracted attention of late for their ability to enhance
all areas of system performance. Inspired by the
success of MIMO systems in communications [5]-
[11], several publications have advocated the
concept of MIMO Radar [12][13] from the system
implementation point of view [14], as well as for
processing techniques for target detection and
parameter estimation. Target parameters of interest
in radar include target strength, location, and
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Doppler characteristics. In this paper we derived
the formula of integration loss with the threshold
voltage dependency over receiver SNR which is the
primary parameter about the detection performance
for both coherent and non coherent integration
factors. In the first part we assumed that
retectangular shape scatter comprised of finite no of
same scatters. Gain of all scatter is follow the same
distribution. But for fluctuating target where
scatters are not fixed, so there is a prospective
change of amplitude and phase of echo signal.
According to this basic assumption we develop the
swerling model idea all model we are not
discussing, we mainly focus on swerling II, IV and
V target .And we derive the formula of probability
of detection of these type of scatter by taking some
assumption and also dependence of some
controlling factors.Finally, the paper addresses the
current questions regarding the integration of
conventional radar to MIMO radar in practical
remote sensing systems for distant targets and
standards
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2. PULSE INTEGRATION

In this section a more comprehensive analysis of
this topic is introduced in the context of radar
detection .Coherent integration preserves the phase
relationship between the received pulses, thus
achieving a build up in the signal amplitude.
Alternatively, pulse integration performed after the
envelope detector (where the phase relation is
destroyed) is called non-coherent or post detection,
if a perfect integration. And this pulse integration
mainly in practical circuit occurs in a correlator that
acts as a matched filter.

2.1. Coherent Integration

In coherent integration integrator is used (100%
efficiency), then integrating pulses would improve
the SNR by the same factor. Otherwise, integration
loss occurs which is always the case for non-
coherent integration. In order to demonstrate this
signal buildup, consider the case where the radar
return signal contains both signal plus additive
noise. The m™ pulse is

ym(® = s(®) + np (1) oo ee... (13)

Where s(t) is the radar return of interest and n(t)
is white uncorrelated additive noise signal.
Coherent integration of n,, pulse yields

p
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The total noise power in z (t) is equal to variance.
More precisely

Tlp 1 Tlp 1
E[(mzzl o () (Z o )

2
Pnz

Matched
filter

Square law
detector

Where E [ ] is the expected value operator. It
follows that

p
1
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Where (pﬁy is the single pulse noise power and
Sm1 1s equal to zero for m# 1 and unity for m=I.
Observation of equation (lc) and (1d) shows that
desired signal power after coherent integration is
unchanged, while the noise power is reduced by the

factor 1/np .Thus SNR after coherent integration

is improved by ny. Denote the single pulse SNR

required to produce a given probability of detection
as (SNR); . Also, denote (SNR)np as the SNR

required producing the same probability of
detection when nj, pulse is integrated. It follows
that

(SNR),,, ni (SNR); .....(1e)
p

The requirements of knowing the exact phase of
each transmitted pulse as well as maintaining
coherency during propagation is very costly and
challenging to achieve. Thus, radar systems would
not utilize coherent integration during search mode,
since target micro-dynamics may not be available

2.2. Non-Coherent Integration

Non-coherent integration is often implemented after
the envelope detector, also known as the quadratic
detector. A block diagram of radar receiver utilizing
a square law detector and non-coherent integration
is illustrated in Fig.1. In practice, the square law
detector is normally used as an approximation to
the optimum receiver.

Threshold
detector

Fig .1 Simplified block diagram of a square law detector and non-coherent integration
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3. IMPROVEMENT

INTEGRATION LOSS:

FACTOR AND

Denote the SNR that is required to achieve a
specific probability of detection Pp given a
particular  probability of false alarm Pg when n
pulses are integrated non-coherently by (SNR)ncr.
And thus, the single pulse SNR, (SNR), , is less
than (SNR)NC[ .

More precisely

(SNR)yer = (SNR)I X I(np) ..... (3a)

Where [ (np) is the integration improvement factor.
An empirically derived expression for the
improvement factor that is accurate within 0.8 db is
reported in Peebles as

I(n,) = 6.79(1 + .235Pp)

1
log /Pfa
46.6

X1+

1og(np)(1
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Fig. 2(a) shows plots of the integration

improvement factor as a function of the number of
integrated pulses with Pp and Py, as parameters
The integration loss is defined as

Lyci = np/l(np) e (30)
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Improvement factor in dB

Number of pulses
Fig. 2(b) shows a plot of the integration loss versus
n
P

4 DETECTION OF FLUCTUATING

TARGETS:

So far the probability of detection calculations
assumed a constant target cross section (non-
fluctuating target). This work was first analyzed by
Marcum.1 Swerling 2 extended Marcum.s work to
four distinct cases that account for variations in the
target cross section. These cases have come to be
known as Swerling models. They are: Swerling I,
Swerling II, Swerling III, and Swerling IV. The
constant RCS case analyzed by Marcum is widely
known as Swerling 0 or equivalently Swerling V.
Target fluctuation lowers the probability of
detection, or equivalently reduces the SNR.
Swerling I targets have constant amplitude over one
antenna scan; however, a Swerling [ target
amplitude varies independently from scan to scan
according to a Chi-square probability density
function with two degrees of freedom. The
amplitude of Swerling II targets fluctuates
independently from pulse to pulse according to a
Chi-square probability density function with two
degrees of freedom. Target fluctuation associated
with a Swerling III model is similar to Swerling I,
except in this case the target power fluctuates
independently from pulse to pulse according to a
Chi-square probability density function with four

degrees of freedom. Finally, the fluctuation of
Swerling IV targets is from pulse to pulse
according to a Chi-square probability density
function with four degrees of freedom. Swerling
showed that the statistics associated with Swerling

I and I models apply to targets consisting of many
small scatterers of comparable RCS values, while
the statistics associated with Swerling III and IV
models apply to targets consisting of one large RCS
scatterer and many small equal RCS scatterers.
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Non-coherent integration can be applied to all four
integration cannot be wused when the target
fluctuation is either Swerling II or Swerling IV.
This is because the target amplitude decorrelates
from pulse to pulse (fast fluctuation) for Swerling I1
and IV models, and thus phase coherency cannot be
maintained.

5 RCS MEASUREMENT FOR MOVING
TARGETS USING SWERLING MODELS

This section analyzes the probability
detection of radar for moving targets using
Swerling I, II, III, and IV models. This work was
first analyzed by Marcum [7]. Swerling [8]
extended Marcum’s work to five distinct cases that
account for variations in the target cross section.
The static RCS case is known as Swerling 0 or
Swerling V case and the other cases involving
moving objects are known as Swerling I, Swerling
I1, Swerling III, and Swerling IV models. The main
problem involving moving objects is its detection,
which in turn lowers the SNR. Swerling I targets
have constant amplitude over one antenna scan. In
case of Swerling I target, the amplitude varies
independently from scan to scan whereas in case of
Swerling II model, the target fluctuates from pulse
to pulse in an independent manner according to a
Chi-square probability density function with two
degrees of freedom. For Swerling III target, the
amplitude varies independently from scan to scan
whereas in case of Swerling IV model, the target
fluctuates from pulse to pulse in an independent
manner according to a Chi-square probability
density function with four degrees of freedom.
Non-coherent integration can be applied to all four
Swerling models but the coherent integration
method cannot be used for a moving target is either
a Swerling II or a Swerling IV model 0.

For Swerling I and II models Rayleigh probability

distribution function

1 o
f@) =—exp(~2); o
Where, & is the average cross-section value. For
Swerling III and IV types of targets Rayleigh
function

probability distribution

f(0) =Zexp(-%);

We assume probability detection (pg) of a radar
signal which is a sine waveform having amplitude
A, Vg is the threshold voltage when noise alone is
present in the radar,n, is the number of pulses and
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Swerling models; however, coherent
variance ¢2.When probability of false alarm (Pg,) is
small and pyq is relatively large so that the threshold
is large. According to Marcum, probability of false

alarm (Py) = In(2) (:—p);for n, > 1,Where ng,
fa
is the false alarm number
A 1 .
py = F(;— zm(P—m)) ...... 6):
1 Nz /
Where ln( /pfa) =" /292

Case 1: Detection of Swerling | Targets

According to Swerling Py for Swerling 1 type

targets can be defined as
Pd — e—VT/(1+SNR) i np = 1
Pp=1-0LVr,np—1) +
np—1 VT
1+ ) I ,np —1
( npSNR o I S
npSNR

X e—VT/(1+TlpSNR) (7)

For np >1

Probability of detection versus SNR for Swerling I type targets
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Fig. 3 pq in Swerling model for different n,, with
Drq rate set to 10°

Fig.3 shows the p,; versus the single pulse SNR,
with the Prgas a parameter for different no of
pulses in Swerling model 1. Fig.3 clearly shows that
when no of pulses increases, system performance in
terms of probability of miss detection reduces
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Case 2: Detection of Swerling Il Targets

By using the Gram-Charier series, the probability
of detection can be computed as

Care(’)g) o —

Probability of detection versus SNR. Swerling IT

= - X —np= !
pd 2 \/7 =0.8* "'n]';:io :7
_g ==np=50 I
[c;(v? = 1) + c,v(3 — v2) — c3v(v* — 10v? Sod = L
+15)]..(8) 2 | i

;é' |

Where the constant ¢

series coefficients and v =
coefficients and w depend upon target fluctuation

o

, Cy, €3 are Gram-Charier

Vr—np (1+SNR) The above
- )

type. For n, > 50 , the above three coefficients

can be substituted as

C1=

o g
37 2

1
—_—Ccy = —
3 y 2 )]
1/Ilp 4np

and © = /n,(1+ SNR).

Fig.4 shows the probability of detection as a
function of SNR for different where
Pr, issetat 10710 .

1 npa

The above Fig.4 shows that as the no of pulses
increases then there is a sharp increase in the
probability of detection. So, performance improves

as the number of pulses increases

Case 3: Detection of Swerling 111 Targets

For n, =1 and 2, the p, for Swerling III type targets can be expressed as

-V np-2
P, = — (1 X Ky; np =12
a = exp (1 T nPSNR/Z) ( + nPSNR) 0 T
Vr 2
Ko=1 — -2
o= 1+ T SNR/2  mpsNR P T2 b (9)

vy teVr

Py

Probability of detection

= A+ mSNR/D (=201

Vr
1 _FI(VT’TLP - 1) +K0 XFI <—1+2/nPSNR,nP -

),

Fornp > 2

Probability of detection versus SNR. Swerling III
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Fig.5 shows the probability of detection as a function of SNR for different number of pulses where

P issetat 1079 .
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Case 4: Detection of Swerling 1V Targets

From Eqn.8.13, for n, = 50, the Gram-Charier
series coefficients is modified to

1 233—1

C = )

1 i/n—p(zﬂz_l)m
1 2[34—1 c%
C2=_ﬁ; 3 =7,
n, (2% -1) 2

SNR\?
(1)=1/7’lp X 2(1+T) -1

Probability of detection versus SNR for Swerling IV type targets

SNR (dB)

Fig. 6 shows p4 as a function of SNR for different
n, setat P, = 107°.

Fig.6 and Fig.4 have been designed for same P, ,
but Swerling IV model increases the performance
as it has four degrees of freedom.

Case 5: Detection of Swerling V Targets

For Swerling V case involving moving targets, pq
can be calculated using Eqn.8 mentioned above. In
this case, the Gram-Charier series coefficients are
modified as

SNR + 1/,
“a= - /W@SNR+ DS
SNR +1/,
% = T SNR+ 17

2
C3 = C3/2

and = ,/n,(2SNR+1) .
Fig. 7 shows the pyq versus SNR plot in Swerling
model V. As the degree of freedom is increased to
4, hence the P4 improves drastically.

Probability of detection versus SNR

Probability of detection

0.2

0

Fig. 7 shows pq as a function of SNR for different
number of pulses where Pg,is set at 10~°.

e o o
S > % —
T

Probability of detection

e
)

0,

SNR (dB)
Fig .8 shows the comparison of Swerling model 1
and V

The only parameter which can be used to describe a
complex target is the median RCS. Detection
statistics is then calculated using Swerling I and II
models having same median value. Doppler
spectrum width of the echoes determines whether
amplitude should vary from pulse to pulse or scan
to scan. If the target is approaching the radar nose
on region standard detection statistics should be
used otherwise cumulative detection statistics
should be used for high detection probability case.
As the degree of freedom increases, fluctuations
about the mean become more constrained. Hence,
the steady state component becomes stronger.
However traditional radar system does not have
security. Owing to these limitations next DSSS
Radar has been developed.

6. PERFORMANCE OF MIMO RADAR IN
CASE OF MOVING TARGETS:

The detection performance of special diversity
MIMO radar for Swerling I and Swerling II target
model is analyzed based on coherent pulses. The
detection method provides a unified frame for
conventional radar and the MIMO radar.
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Simulation results indicate that MIMO radar can
provide much better detection performance when
more coherent pulses are used. In contrast with
conventional radar, the detection performance of
MIMO radar in Swerling [ target model
outperforms Swerling II target model.

The detection performance of traditional radar and
MIMO radar is shown in Fig. 9 and Fig. 10
respectively.

Fig.

10

SNR(dB)

15

Fig. 10

Fig. 9 and Fig.10 Comparison of detection
performance of traditional radar and MIMO radar.

In Fig. 9 and Fig. 10 the solid line (in blue) stands
for the detection probability curve of Swerling I
target model and the dotted line for Swerling II
target model. From Fig. 9 we get the following
results.

Case- 1: For single pulse detection ( n,
=1), the two detection probability SNR curves of
Swerling I and Swerling II overlap which shows
that they have the same detection performance.

30
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Case- 2: With the increase in the number
of pulses, the detection performance of Swerling I
and Swerling II targets are both improved.

Case-3: For multiple pulse detection, when

the same Py (pg> 0.4) is taken, the SNR is higher
for the slow fluctuating target than the faster one.
Thus, a Swerling II target model comfortably
outperforms Swerling I target.
The reason behind the phenomena is that for any
traditional radar, the echo of slow fluctuating target
is totally correlated during one scan. The
amplitudes of all echoes will not exceed the
detection threshold if the first one is under that
particular value, thus increasing the SNR is the only
way to detect the target. In case of fast fluctuations,
the pulses are uncorrelated and the amplitudes of
the pulses may vary. So, the pulses have a good
opportunity to exceed the detection threshold. Thus,
in this case we are able to detect the target
successfully. Overall, the detection performance
gets averaged. This all leads to the conclusion that
the detection performance of Swerling I target is
inferior to the Swerling II target. From Fig. 10 we
get the following results.

Case 1 and Case 2 remain same for
traditional radar as well as for MIMO radar.

Case -3: For MIMO radar, in case of

multiple pulse detection, Swerling I target needs
lower SNR to get the same probability detection.
The spatial diversity MIMO radar has more
advantages for Swerling I target than Swerling II
target which is contrary in case of traditional radar.
MIMO radar can carry out energy accumulation in
time domain (pulse interval coherent) and also in
the spatial domain (scan interval incoherent). Due
to the spatial diversity, the echo complex
amplitudes of different transmitter - receiver path
are mutually independent. Thus, the spatial
diversity MIMO radar has the some superiority
over fast and slow fluctuating targets.
Hence, from the analysis and simulation we can
derive the conclusion that spatial diversity MIMO
radar has a better detection performance for
Swerling | target as compared to Swerling Il
target model.

7. CONCLUSION

A lot of ambiguity occur in the recoznigation
analysis of traditional RADAR system during pulse
integration from the plot it is also clear shows that
as no of pulse is increases the integration losses
reduces and also improvement factor increase .And
for also for flucting target we established condition
that swerling I outperforms the swerling II as in
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conventional radar system SNR is an controlling
factor, and in swerling I as the SNR reduces so its
performance degrades than swerling II. The target
detection parameter mainly depends on received
SNR which in terms as function of no pulses,
actually a process of increase this no of pulse is
multiple input and output antenna. But there are
still lots of problems to be further studied: during
the derivation in this paper, we suppose we have
got the target parameters and noise variance, we
may study the detection performance under the
condition of wunknown parameters or other
fluctuating model; they are two extreme cases to
the scan interval and pulse interval independence,
the actual target fluctuates between the two and the
detection performance here is worth to be
researched.The experimental results during the
performance of MIMO radar in comparison to any
conventional radar for moving targets suggest that
spatial diversity MIMO radar has better detection
performance for Swerling I model than Swerling I
target model .
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