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A Radiation Center Representation of Antenna
Radiation Patterns on a Complex Platform

Caner OzdemjrMember, IEEERajan Bhalla, and Hao Lind-ellow, IEEE

Abstract—A sparse model of the antenna radiation pattern on (10-GHz with 0.56-GHz bandwidth) and multiple aspect
a complex platform is presented. This representation is based on (3.33 azimuth window and 1.72elevation window about the
a point radiator model that describes the radiation pattern by a nose) radiation pattern, a 3-D image can be formed from the

collection of radiation centers on the platform. The methodology . - . .
for obtaining the radiation center model is presented. It entails ASAR algorithm. Shown in Fig. 2(a) is the 3-D ASAR image

first generating the three-dimensional (3-D) antenna synthetic Viewed along various horizontal cuts through the airplane.
aperture radar (ASAR) imagery of the platform and then param- The key scattering locations near the nose and wings of the
eterizing the resulting image by a collection of point radiators via ajrplane can be clearly identified. This is very similar to an

the CLEAN algorithm. It is shown that once such a representation ISAR image in which the strong scattering locations on the

is obtained, we can reconstruct and extrapolate antenna radiation t t disol d to facilitate si t ducti dt t
patterns over frequencies and aspects with good fidelity, thus alget are dispiayed 1o iacilitaie Sighatre redtcron and iarge

achieving high data compression ratio. Furthermore, it is shown identification applications.
that the resulting radiation center information can be used to In this paper, we extend the work in [1] by extracting a sparse

pinpoint cause-and-effect in platform scattering and provide representation of the ASAR imagery. This is motivated by the
important guidelines for reducing platform effects. observation that similar to an ISAR image, ASAR images ex-
Index Terms—Antenna radiation patterns, scattering centers.  hibit strong point-scatterer like behavior. Since it is well known
that the backscattered signature can be modeled by a very sparse
set of scattering centers on the target [6]-[9], we believe it is
also possible to parameterize the radiation patterns of an an-
T IS well known that the platform structure that supports aenna mounted on a complex platform via a set rafdiation
antenna can dramatically alter its radiation characteristiegnters’ Using an approach similar to our recent work on scat-
Recently, we developed an imaging algorithm, termed antenging center extraction [6], we utilize the CLEAN algorithm
synthetic aperture radar (ASAR) imaging, to pinpoint thgl0], [11] to carry out the radiation center extraction process
locations of secondary scattering off a mounting platform frofiflom an ASAR image. It is shown that once such a representa-
the antenna radiation data [1]. Our approach is similar to tfien is obtained, we can reconstruct and extrapolate antenna ra-
inverse synthetic aperture radar (ISAR) concept. Contrary ddation patterns over frequencies and angles with good fidelity,
conventional ISAR imaging, a key complication of the ASARhus achieving high data compression ratio. Furthermore, it is
imaging scenario is that the antenna is located in the negown that when coupled with the SBR simulation engine, the
field of the platform. It was shown that under the small-anglesulting radiation center information can be used to pinpoint
approximation and single-bounce assumption, a Fourier trasause-and-effect in platform scattering and provide important
form relationship exists between multifrequency, multi-aspegtiidelines for reducing platform effects.
radiation data and the three-dimensional (3-D) positions andThis paper is organized as follows. In Section II, we first
strengths of the secondary scatterers on the platform. Therefeegiew the ASAR image formation algorithm and present the
a 3-D image showing the spatial locations of platform scatterimgdiation center model of the antenna radiation data. Next, we
can be constructed via Fourier inversion of the radiation datgply the CLEAN algorithm to carry out the extraction process
This concept was demonstrated using the computed radiationd examine the sparseness of the model and the fidelity of the
data from the code Apatch [2], which employs the shootingconstructed data in frequency and aspect. In Section lil, we
and bouncing ray (SBR) technique [3]-[6]. Fig. 1 shows th@emonstrate two utilities of the radiation center representation.
CAD model of an airplane with a small vertical dipole antenni the first example, we show that the antenna radiation pattern
placed above the cockpit. The entire airplane is assumedctin be extrapolated over aspect due to the angular stability of
be perfectly conducting. By collecting the multiple frequencshe radiation center model. Consequently, it is possible to rep-
resent the complex radiation pattern over all observable angles
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To convert the image into the originakyz-space from the
wyz-space, we can use the transformation formula

x:1<u_(92+22)>' (3)

2 U

Therefore, by Fourier processing of the multifrequency
multi-aspect radiation data, the poiRton the platform can be
mapped to a peak in the image at its correct spatial location
(Zo, Yo, %0). TO SUMMarize, the ASAR imaging process consists
of 3 steps: 1) collect multifrequency multi-aspect radiation field
dataE*®(w, ¢, 6); 2) take the 3-D inverse Fourier transform to
form the image in théw, v, ) domain; and 3) use the-to-z
transformation in (3) to generate the final image in the desired
Fig. 1. CAD model of an airplane with a small vertical dipole antenna place((‘?’ Y, Z) domain. . .

above the cockpit. Although the ASAR formation methodology outlined above
can be applied to general radiation data from either measure-

. A e Wit point of each ray before they leave the platform altogether,
believe these limitations do not significantly detract from thg o+ he integration is carried out to find the contribution of

main point of this paper, which is the concept of radiation centgr, oy, ray 1o the total radiated field at various frequencies and ob-
representation for modeling platform effects. servation angles. Therefore, the radiated field can be expressed
as a weighted sum of all the rays that have been shot from the

[I. RADIATION CENTER EXTRACTION antenna

A. ASAR Image Formation Algorithm and Radiation Center E*(w, ¢,0) = Z o - e—dhu | o—ikebys | —ikobz; (4)
Model o ‘

Before presenting the radiation center model for antenna ra- ) i , ,
diation data, we shall first review the ASAR image formatiowher?o‘i is proportional to the field strength at the exit ray-tube
algorithm presented earlier in [1] and provide some motivatiof9d 1S only weakly dependent on aspect and frequency.
for the radiation center model. To form an ASAR image frorfii> ¥i» %) iS the location of the last hit point, and = d; +x;,
antenna radiation data, we first assume the antenna is locatefi3g"ed: is the total path traveled bith ray from the antenna

the origin as shown in Fig. 3. The scattered electric field aroufigi € 1ast hit point. Since the ASAR image is generated from
_z direction from a scattering poié(:z. , ., z,) on the plat- multifrequency multi-aspect data via Fourier inversion, we can
form can be approximated by e interchange the order of the inverse Fourier transform and the

ray summation and carry out the inverse Fourier transform for
each ray in closed form. The resulting ASAR image is given by

7rays

ES(UJ,(/), 9) o~ Ao Ik(rotmo) | o—ikotUo | o —iko0%0 1)
ASAR(z,y,2) = Y Bi-Mz —ziy—vi,z—2) (5)
where A is the strength of the scattered signal, = irays
V2 + y2 + 22 is the path traveled by the radiated signal from
the antenna to poinP, k is the free-space wave number, anthere
k, is the wave number at the center frequency. A small-angle ,
small-bandwidth approximation is used to arrive at the above h(x,y,z) = ¢ /%) sinc (Akz)
expression. By setting = » 4+ x and utilizing the linear - sinc(k, A¢y) - sinc(k,A62). (6)
dependence of the phase terms in (1) on frequency and angles,
we can take the 3-D inverse Fourier transform of the scatteréde detailed derivation of this image-domain formula can be
electric field with respect té&, k,¢, andk,6 to generate a 3-D found in [1] and will not be repeated here. In the expression,
ASAR image as follows: (z,¥:, %) is the location of the hit point on the target for thie
ray. (For a multiple-bounce ray, it can be shown that its down
ASAR(u, y, ) = IFTs{ E* (w0, 6, )} rangez; is delayed by the_ additi_ongl travel distance fr_o_m the
] . Lo antenna to the last hit point, while its cross range positigns
= IFTa{A. e7ohue . emIhodo . o=IRef2}  2nd,. correspond to those of the last time poirt,)is the ray
=A-6(u—u,) 6y —yo) 6(z—2,). (2) amplitudeAk, Ay, Af are the half-bandwidths in the, ¢- and
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Fig. 2. (a) 3-D ASAR image of the platform generated from the simulated frequency-aspect radiation data about the nose using the code Apatchti@)she lo
of the 150 radiation centers extracted from the 3-D ASAR image using CLEAN. (c) Reconstructed 3-D ASAR image using the extracted radiation centers.

#-domains, respectively. A key observation from (5) and (6) &f radiating centers. We adopt a point radiator model which has
that we can form the ASAR image using SBR on a ray-by-ragxactly the same form as (5) to parameterize the ASAR data
basis directly in the image domain. Each ray contributes to a

spot centered aboutr;, ;, ;) in the ASAR image, with the ASAR(z,y, 2) ~ Z A,

footprint of the spot governed by the 3-D ray spread function n radiation

h, which plays a role similar to the point-spread function used centers

in the radar community. Therefore, we have shown based on (& = @y = Yy 2 = 2n) @)
SBR that the ASAR image is composed of a collection of point L o _
radiators. whereh(z,y, z) is given in (6). The remaining task is to de-

Since tens of thousands of rays are traced in the SBR procd8§NNe(x, ¥, z), the locations of the radiation centers, and
this may imply that tens of thousands of point radiators aré. their corresponding strengths.
needed to adequately represent an ASAR image. However, as ) ) .
we have observed from Fig. 3(a), the ASAR image of a compl& EXtraction and Reconstruction Algorithms
platform is actually quite sparse. This is because rays interferelo carry out the parameterization in (7), we apply the image
with one another to give rise to strong coherent scattering oygocessing algorithm CLEAN. The CLEAN algorithm is a pop-
only a small localized portion of the target. Therefore, an ASARar deconvolution technique in radio astronomy [10] and has
image can be accurately represented by only a limited numiiieren successfully utilized for scattering center extraction [6].
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y formula is essentially the Fourier transform of (7) and is given
b
A Scatterer location y
e e e e o e ??j?_e’platform ES (w’ ¢’ 9) = Z An . e_jk(r”—i—m”) . G_jk"qby” . e_jkoezﬂ'.
s n
Py, Yo, 20) 9)
A l/ I.O
¥ / By applying the above formula, we reconstruct the platform ra-
4 > diation patterns in frequency and aspect using the 150 radia-
)A’ Antenna X tion centers. Fig. 4(a) shows the comparison between the re-
) constructed frequency domain data and the original Apatch data

calculated over the 0.56-GHz bandwidth about 10 GHz. The ob-
servation angle is along the nose. Fig. 4(b) shows the compar-
. ison between the reconstructed azimuth data calculated over the
3.33 window about the nose. The frequency is 10 GHz and the
Fig. 3. Path of the radiated signal due to a scattering f@iah the platform. €levation angle is Q As shown from the graphs, good agree-
ment is achieved between the reconstructed data and the orig-

It is a robust iterative procedure that successively picks out i | data overthe frequency and aspect from which the radiation
ﬁnter model was generated.

highest point in the image, assumes it is a radiating center wit
the corresponding strength, and removes its point spread re-

sponse from the image. At thigh iteration, ifA,, is the strength lll. RADIATION CENTER APPLICATIONS

of the highest point in the image with locatiofss, , ¥, 2. ), the In the previous section, it is shown that the radiation center
3-D residual image is found by model for an arbitrary antenna-platform configuration can be

extracted using the ASAR-CLEAN methodology. In this sec-
[3-D Residual Image.1 = [3-D Residual Imade tion, we present two examples of the utilities of such radiation

center representation.
—[An - h(x — Zn, ¥ — Yns 2 — 20)]-

(8) A. Radiation Data Compression

The antenna radiation pattern on an electrically large plat-

The extraction process is iterated until the maximum in tHerm is, in general, a very rapidly varying function of frequency
residual image reaches a user-defined threshold. Typically, #red aspect. In this example, we shall demonstrate how the ra-
energy in the residual image decreases quickly during the initdihtion center concept developed in the last section can be uti-
stages of the iteration and tapers off after reaching a noise fldired to create a sparse model of the antenna-platform radiation

As an example, the 3-D ASAR image in Fig. 2(a) is paranover frequencies and aspect angles, thus achieving data com-
eterized using the 3-D CLEAN algorithm. The ASAR imag@ression. Note that for a complex platform, the radiation center
is formed using the multifrequency multi-aspect radiation dataodel extracted at a particular observation angle is not expected
computed using Apatch for the dipole-airplane configuratiaie be valid over large angular extent. This is due to shadowing
shown in Fig. 1. The center frequency is 10 GHz with 0.58nd other complex multiple scattering phenomena. Therefore, to
GHz of bandwidth sampled over 64 frequencies. The obsenfally characterize the antenna-platform radiation at all aspects,
tion angles are centered about the nose of the airplane and rangaeed to extract 3-D radiation center models at various angles
between—1.67 and 1.67 in azimuth sampled over 32 pointson a uniform grid in both elevation and azimuth. Once the ra-
and between-0.86" and 0.86 in elevation over eight points. diation center models are extracted at all the angles on the grid,
In the ASAR image formation, we use only the scattered fielde can obtain the radiated field at any arbitrary angle by table
from the airplane and not the direct radiation from the antenrlaokup and reconstruction. The key question in this construct
Therefore, only the platform effect is imaged. Fig. 2(b) shows the granularity of the grid, which, in practice, will depend
the locations of the extracted radiation centers from the 3 the platform complexity as well as the needed accuracy in
ASAR image of Fig. 2(a) using the 3-D CLEAN algorithm. Athe reconstruction. In our example, we restrict our attention to
total of 150 radiation centers are extracted from the image ating azimuth direction, as shown in Fig. 5. The antenna-platform
their locations are plotted in Fig. 2(b) as small circles. We olgonfiguration is the same that shown in Fig. 1. First, the 3-D
serve that most of them are concentrated arouncd:the —2 ASAR images for different observation angles in the azimuth
m cut which corresponds to the top surface of the airplane. Ttigection are generated using Apatch. The angular granularity
remainders are located on the two tails. Fig. 2(c) shows the rechosen to be%so that a total of 72 images are generated in
constructed ASAR image from the 150 extracted radiating cerevering the full 360 azimuth in the zero elevation plane. No-
ters. The agreement between the original image and the rectice that only a one-time ray shoot is needed from the antennain
structed one is quite good over a dynamic range of 50 dB. Onmanstructing the 72 ASAR images because of the bistatic nature
we have extracted the radiation center model from the ASAdR the ASAR scenario. This is contrary to the monostatic radar
image, we can reconstruct the frequency and aspect radiatsignature studies we have carried out previously [12]. We use a
patterns of the antenna-platform structure. The reconstructicenter frequency of 10 GHz and a bandwidth of 0.49 GHz. To



996 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 48, NO. 6, JUNE 2000

———> Scat. E-field (dB)

1 1 1 1 1 1 1 1 1
975 98 985 99 995 10 1005 101 1015 102 10.25
———> Frequency (GHz)

@

0 T T T T T T T
o
)
o
<
T
11}
I
(]
73]
A -30F :
I
]
_40 1 ] 3 ] 1 1 1
-1.5 -1 -0.5 0 0.5 1 15
———> Azimuth (Deg.)

(b)

Fig. 4. Comparison of the original and the reconstructed radiation patterns. (a) Frequency sweep. (b) Azimuth sweep.
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Fig. 5. Global radiation center representation of the radiation pattern along the azimuth cut obtained via ASAR image formation and radiatitnactiorer
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generate each ASAR image, the azimuth bandwidth is chodenmed by summing up all the-slices of the original 3-D im-

to be 2.22 and the elevation bandwidth is taken as 2.46 ages. We observe that there are some persistent hot spots on the
Next, we extract 100 radiation centers from each of the 7@se and the right wing of the airplane, which appear to be vis-

3-D ASAR images using CLEAN. Shown in Fig. 6 are fouible in all four images, while other features have smaller visi-

reconstructed ASAR images at,B0, 60°, and 90 with re- bility extent. To test the validity of the model, the platform ra-

spect to the nose of the airplane. They are 2-D projected imagiation pattern in the 8-18C¢ azimuth range is reconstructed
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Fig. 6. 2-D projected ASAR images reconstructed from the radiation center model at different observation anglegoY&p0. (c) 60°. (d) 90°.

over each 5 sector by using the extracted radiation centers aiftile sphere and 64 frequency samples. The original complex ra-
(9). It is shown as the solid line in Fig. 7(a). Also plotted irdiation data set, sampled at a granularity ofQré&quires a total
dashed line in the figure is the original azimuth radiation pastorage space ¢860/0.1) «(180/0.1) x (64) = (8 byteg = 3.3

tern computed using Apatch at a granularity &f Mote that the Gb. The radiation center model contains 100 radiation centers
reconstructed data can be computed to any desired fine angplkarangle, with each radiation center requiring the storage of five
granularity very rapidly from the radiation center model. Theeal humbers (three for the location and two for the complex
Apatch data, on the other hand, are computed very coarsely asitplitude). By using aSgranularity to cover the entire visible

is very time-consuming to generate. The two curves show sosmhere, the storage space required for the radiation center set
agreement in overall trend, although the exact Apatch data araounts tg(360/5) * (180/5) * (100) * (5) = (4 bytes = 5.2

too grossly undersampled. In Fig. 7(b), the comparison betwddb. The data compression ratio is about 640 : 1. To summarize,
the two curves computed on the same fine granularity of0.0We have shown that a global sparse radiation center model can
over the 30—35° sector is shown. The reconstructed data froiime constructed. Once available, it can be used to reconstruct ra-
30°-32.5 are reconstructed from one set of radiation centedsation data to a very fine granularity with good fidelity.

while those from 32.5-35 are reconstructed from another set.

Note that the data between 31°&ind 33.89 correspond to “ex- B. Platform Effect Reduction

trapolated” data based on the nearest-neighbor radiation centean the second example, we shall utilize the radiation center
model. The overall agreement between the two sets of data gggresentation to carry out a platform effect reduction study.
fairly good, even in the extrapolated region. We have also @ince the radiation centers pinpoint the locations of the dom-
tempted to extend the extrapolation to & ¥indow, and have inant secondary scattering on the platform, one way to mitigate
noticed significant degradation in the outer regions of extrapguch undesirable effects is to place absorbers at those locations.
lation. Therefore, the Bgranularity seems to be a good choicerhis is analogous to carrying out signature reduction work using
for this example. Reconstruction fidelity can be improved biSAR images as a guide. We use the same example as that in
using more radiation centers in the CLEAN procedure and by r8ection I1I-A and first generate the radiation center representa-
ducing the angular granularity. This, of course, is at the expentishs of the scattered field over 368zimuth at 8 angular gran-

of model sparsity. Finally, the same philosophy can also be aparity. Next, those radiation centers that contribute more than
plied to the elevation direction to fully exploit the scheme for-25 dB to the radiated field are pinpointed. To eliminate these
data compression. The data compression ratio achievable usiagiation centers, we identify the facets on the target that corre-
the 3-D radiation center model can be roughly estimated as fgpond to the locations of the radiation centers and convert them
lows. We assume the original radiation data cover the entire vifam perfect conductors into perfect absorbers. By using this
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logic, we end up with 387 absorbing facets on the platform out
of approximately 8000 facets that describe the airplane. The nev
CAD file is shown in Fig. 8(a), where the absorbing facets are
marked in a darker shade. Fig. 9(a) shows the azimuth radiatiot
pattern from the platform before and after the absorber coating
The patterns are computed by Apatch. We observe that the plai
form scattering is significantly reduced by using the absorbers.
However, the resulting platform radiation level is not suppressed
below the—25-dB design level as expected. In particular the
platform scattering near the 2@nd 170 directions remains
quite high. This can be explained by the fact that the ASAR
imaging algorithm is based on the single-bounce assumption
Multiple-bounce mechanisms are not correctly mapped to the
platform in the ASAR image, but are rather delayed in the down-
range direction [1].

To circumvent this problem and further reduce the platform
scattering from multiple bounce mechanisms, we devise a
scheme to tie each radiation center back to the ray mechanisr
that gave rise to it. The basic idea is to save the hit point
information of the ray which contributes the largest amount of
energy to a particular ASAR image pixel during the SBR-based
image formation process in (5). Consequently, during the
CLEAN procedure, each extracted radiation center has an as
sociated “hit point list” to allow tie-back of the radiation center
to the specific hit point locations on the platform. Such tie-back
information is only approximate, but has been found to be very
useful in radar signature and target identification applications
[12]. It is important to point out that this information can be
extracted only if an SBR-based approach is used to genereite8. CAD models with the absorbing facets shown in a darker shade. (a)
the ASAR image. Using this new tie-back information for eacfbsorber placement using the first scheme in which the facet closest to a

.. radiation center is changed into an absorber. (b) Absorber placement using the
radiation center, we can now place absorbers on those fac&lsng scheme in which the hit point list for a radiation center is found via
associated with the hit points on the target. In fact, we only needR and the facet from the first hit is changed into an absorber.
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Fig. 10. 3-D ASAR images observed along the nose sector. (a) No absorbers. (b) With absorbers.

to put an absorber on any one of the hit points to eliminate ttiee first scheme. The scattered field from the platform comes
contribution. We have chosen to do so for all the first-boundairly close to meeting the-25-dB design level at most of the
facets. A total of 403 absorbing facets on the platform asmngles. In particular the platform scattering af 2thd 170
selected in this manner out of the 8000 facets. Fig. 8(b) shodisections is well suppressed. Fig. 10(a) and (b) shows the
the absorber-coated airplane model. Note the difference in 8 ASAR images of the platform scattering along the nose
absorbing facet locations in Fig. 8(a) and (b). Fig. 9(b) shovegctor before and after the absorber treatment, respectively.
the platform scattering pattern resulting from this approacte observe that the platform image nearly vanishes after the
The scattering pattern of the uncoated platform is again plottedsorber coating, with the remaining stray radiation coming
in the figure for reference. We can see that the radiation froimom the nose portion of the airplane. Note that in this example
the platform is now much better suppressed when comparedhe absorber coating is placed on only one facet for each
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the multibounce mechanisms. However, this scheme is more, Columbus, OH, Tech. Rep. 722 780-4, Nov. 1992.

. . . . he SBR si lati | ithm b S. Y. Wang and S. K. Jeng, “Generation of point scatterer models using
restrictive since It requires the simulation algorithm be PTD/SBR technique,” ifEEE Antennas Propagat. Symp. Dijewport

used for ASAR image formation. Beach, CA, June 1995, pp. 1914-1917.
[10] A. Selalovitz and B. D. Frieden, “A ‘CLEAN'-type deconvolution algo-
rithm,” Astronom. Astrophysvol. 70, pp. 335—-343, 1978.
IV. CONCLUSION [11] J. Tsao and B. D. Steinberg, “Reduction of sidelobe and speckle artifacts

. . in microwave imaging: The CLEAN techniqudEEE Trans. Antennas
In this paper, we presented a sparse representation of antenna Propagat, vol. 36, pp. 543-556, Apr. 1988.

radiation pattern on a complex platform. This representation igi2] R.Bhalla, J. Moore, and H. Ling, “A global scattering center representa-
based on a point radiator model that describes the radiation pat- tion of complex targets using the slhooting ang %Ounscirég ray tngh;ique,”

. . IEEE Trans. Antennas Propagatol. 45, pp. 1850-1856, Dec. 1997.
tern by a collection O_f _radlatlon c_en_ters on the platfqrm. Th 13] T. Su, C. Ozdemir, and H. Ling, “On extracting the radiation center rep-
methodology for obtaining the radiation center model is to first ~ resentation of antenna radiation patterns on a complex platfdvtia,”
generate the 3-D antenna synthetic aperture radar imagery 01;1 ] gromvaéi Opt-dTecchJ- Lstlvol- l\ﬁﬁy pp. 4—7a_July_fOQO- _ o ASAR

. P .-H. Chu and C.-J. Pan, “Microwave diversity imaging using

the pla_tform anq then.to para.meterlze the resultlng image by approach, 1EEE Antennas Propagat. Symp. Digp. 1952-1955, July
collection of point radiators via the CLEAN algorithm. It was 2000.
shown that once such a representation is obtained, we can re-
construct and extrapolate antenna radiation patterns over fre-
guencies and aspects with good fidelity, thus achieving high
data compression ratio. Furthermore, it was shown that whe#er Ozdemir (S'95-M'97) was born in Edremit, Turkey, on March 29, 1971.
coupled with the SBR simulation engine, the resulting radihle received the B.S. degree in electrical and electronics engineering in 1992,

. . . . . from the Middle-East Technical University (METU), Ankara, Turkey, and the
tion center information can be used to pinpoint cause—and—fg,fJ Y ( ) y

) . iy o .S. and Ph.D. degrees in electrical and computer engineering from the Uni-

fect in platform scattering and provide important guidelines fagrsity of Texas at Austin, in 1995 and 1998, respectively.

reducing platform effects. Finally we should point out that the From 1992 to 1993, he worked as a Project Engineer at the electronic warfare

. ’ . office of the Turkish Military Electronics Industries (ASELSAN), Ankara,

dataj used t_hm%’ghOUt this paper were based On_ ray-tracing Sﬂmkey. From 1998 to 2000 he was a Research Scientist at Advanced Systems

ulation. Validation from measurement or more rigorous nuMerechnology Group (ASTG), Honeywell, Inc., Columbia, MD. Currently, he is

ical data was not attempted. However. we have since carriefgaculty Member at the Electrical and Electronics Engineering Department,
tth diati t deli " th tati Mersin University, Mersin, Turkey. His primary research interests are radar

outthe same r"_’l lation center moaeling u_smg € computa '09@ al processing and imaging, electromagnetic scattering, antenna design

electromagnetics data from a full-wave simulator. That resultti&hniques, and computational electromagnetic.

being reported in [13]. It is shown that the conclusions reached

in this paper holds true even for more rigorously computed data.

Measurement results of ASAR images have also been reported

recently in [] Rajan Bhalla, photograph and biography not available at time of publication.
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