
reflection mfficients.
Since the sampla of Iy(m)l basically provide the _

information of the samples of x(n), a model-~ ~
estimation techniquecan be usedto estimatethe location of
the targetswith a superresolution. In this investigation, we
use an ARMA-model-basedap@ [4] to estimate the
Iocationof the targetswith high accumcy.~g to this
scheme,the samplesof the randomsignal x(n) is modeledas
theoutputof anARMA falterof order (p,q),excitedby a mro-
meanwhite Gaussiannoisesequencew(n) suchthat

x(n) = ~ a(k).x(n -k)+ ~ b(k)w(n -k) (3)
k=l k=l

wherea(k)andb(k) _nt the AR andMA ~fflcients of
the ARMA falter. For a pm AR prmss (b(0)=l andb(k~
for bO), the AR -em can be esdmatedusing a high-
performanceapproach[4], which estimates the ader p by
performing the singular value decomposition (SVD) of an
extendedorderau~rrelation matrix (ACM). In this case,the
orderp actually c-pond to the numberof targets-nt in
the field of view of the radar. me samples of ACM m
extractedfrom the samples of x(n) [4]. Using these AR
coefficients, the pole locations can be wtimated as the roots
of thepolynomial equationof the zdomain [3,4]

~a(k)z-k = O (4)
k=l

Since the poles of (4) define the sinusoidal componentsof
x(n) [2,3], an accumteestimation of the poles will actually
define the target locations acmtely. Using this approach, the
target location is esdmated as 3.9998 m, which is more
accuratethan that obtained from the inverse-~- ~-)
basedapproach(seeTableI).

Nex4 a total of five samplesof y(m) arewlectedaroundthe
peakIocationestimatedby the ARMA model. Thew samples
w thenusedby EFDPM to model the transformationof the
reflection coefficient of a target as a rational function model
[51of o~~ (u,v-hm u+v+1=5 and s(v)= l). That is,

~r(k).mk

y’(m) = ‘T” (5)

~s(k).mk
‘=0

This rational function model is usedto selectthe parameters
r(lc) ands(k) so that y’(m) canprovide a suboptimal fit to the
samplmof y(m) over the endre rangeof m. A -t Fourier
transformof this modeleddatais usedto estimatethe samples
of r~( n), and the result is shown in Fig. 1. This scheme
provided an r.m.s error of 0.0052, which is less than the
0.1005providedby the~-based approach.

TheaforementionedProcedm are_ for SNRSof 4,
30,20,10 andOdB, and theresultsaretabtited in Table I. It
can be seenthat as the SNR ~ the r.m.s ~ in
estimatingthereflwtion coefficient of the target increasesfor
both methods. The r.m.s error provided by the exw
Prony’s method stays consistently lower than that of the
FF’f-basedapproach.

SUPERRESOLUTION FOR MULTIPLE TARGETS

From Table I, it is seenthat the target location esdmated
by the FFI’-basedapproachdid not changeat all throughout
the @ting rangeof the SNRS.This is expectedsince we W
1600samplw for only one non-decayingsinusoid. However,
when mtitiple andclosely - targets are present in the
MS f~ld of view, the situation is found to be very
different.

In this section,we assumethat the two targetsm present
at distanm 4.0 and 4.05 meters from the radar.Then, we
c4)rnpm the Performanm of the ARMA-model-
_ vmus the ~-based approachin esdmadng the
locations of the targets as the number samples (N) is
~ ~ restits m presentedin Table II, which shows
that the ARMA-model-basedapproachsuccwftiy resolves
thetwo targetswhen the~-based approachcannotresolvea
distanceof 0.15 meters.Thus, theparametricmodeling of the
* Rturn is found to be useful in achievingsu~r resolution
ascomparedto the~-~d approach.

ESTIMATION OF THE REFLECTION COEFFICIENTS
FOR MULTIPLE TARGETS

From Table II we fmd that the ARMA model canestimate
the target locations accurately,using only 100 samples of
x(n). To esdmate the reflection coefficien~ however, w
@llected1600 samplesof x(n). This is done to make sm
that theneighboring target is not undesirablyinfluencing the
five samplesround each@ location of Iy(m)l [2]. Nex~
five samplesm collectedaroundthef~st @ location of the
inversetransformeddomain, and the reflection coefficient of
the target is mdmatedusing both the Hanrting window and
the extendedProny’s method. The estimatedvalues of the
reflection coefficient areshownin Fig. 2, andthe r.m.s ~
astited the Hamming window and the extendedProny’s
methodarefound to be 0.1421 and 0.1143, respectively. In
the -rice of additive noise, with an SNR of O dB, the
r.m.s errors are 0.1496 and 0.1293. Thus, the extended
Prony’s method provided superior performance in
characterizingthetarget.

It is important to note that increasingwindow size actually
~ the perf~ce of the conventional approachin
estimatingthe samplesr~(n) due to the undesirableinfluence
from theneighboring target.

CON~UDING REMARKS

In this investigation we show that an ARMA-mcdel-H
technique provid~ super rwolution in estimating the
locations of targetsas com~ to an FFI’-based e.
By knowing the locations of these targets, we can collect
moredatato get enoughsamplesinbetwmn the peaksof the
inverse transformeddomain so that the entendedProny’s
methodcanbe usedto estimate the reflection coefficient of
the target. We 6nd that the extendedProny’s method
estimates the values of the reflection mfficient with an
imoroved~ ascomoaredto the resdts obtainedbv ther -,
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Table I: Comparisons of the Estimated VaIues Behveen the ~-based and tie Model-based Approaches

SNR ~ Target Location RM.S. Error in Estimadng Reflection
indB (Actual Location =4.0 m) c~mci~t (using 5 samples)

~-based (m) ARMA-model- m-w EFDPM-based
=(m)

4.0031 3.9998 0.1005 0.0052
: 4.0031 3.9998 0.1130 0.0098
30 4.0031 4.0001 0.1176 0.0376
20 4.0031 4.0006 0.1176 0.0847
10 4.0031 3.9992 0.1268 0.0991
0 4.0031 3.9989 0.1308 0.1122

Table ~ Error in Estimadog Target Ucations Using ARMA model (Targets are located at 4.0 m and 4.05 m)

No. of Sampl= Resolution ~SWCCS &timated by ARMA E2r0rSm Distance Estimation (%)
From IFFI’ (m) model (m)

Fmt Target SeuInd Target Fmt Target Second Target
1600 0.0094 3.9997 4.0503 0.01 0.01
800 0.0187 3.9984 4.0514 0.04 0.03
400 0.0375 3.9950 4.0553 0.13 0.13
200 0.0750 3.9868 4.0675 0.33 0.43
100 0.1500 3.9856 4.1757 0.36 3.10
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Fig. 1. Original and estimated reflection
coefficient of a target.
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Flg.2. Original and estimated reflection
coefficient of the first target.


