


































































































































































































































































































































































































































































URSI/A-I-2 

EVALUATION OF MICROWAVE ANECHOIC CHAMBER MEASUREMENT 

Motohisa Kanda and R. David Orr 
National Bureau of Standards 

Electromagnetic Fields Division 
Boulder, CO 80303 

The el ectromagneti c fi el d measurements in an anechoi c chambe r 
are usually performed in the near-field region of a transmitting 
standard antenna. The approach used to establ i sh a standard 
field is to calculate the radiated field intensity in t,he near­
fi e 1 d regi on of standard antennas. These antennas consi st of a 
series of open-ended waveguides below 500 MHz and a series of 
rectangular pyramidal horns above 500 MHz. In this paper the 
anechoic chamber measurement is evaluated in terms of the net 
power delivered to a standard transmitting antenna, the near­
zone gain of a standard, open-ended rectangul ar waveguide or 
rectangular pyramidal horn, and reflections within the chamber. 

To determine the net power delivered to a standard transmitting 
antenna, we perform two power ratio measurements with a standard 
short and a matched termi nation. Once the system S-parameters 
and the system reflection coefficients are determined, the net 
power delivered to the standard transmitting antenna is then 
determined from two absolute power measurements. 

The near-zone gai n of a standard, open-ended, unfl anged rectan­
gular waveguide is calculated from forward near-field power 
patterns, which are determined from theoretically predicted far­
field power patterns by use of the plane wave scattering 
theorem. 

In deriving the near-zone gain of a pyr.amidal horn by the 
Ki rchoff method, Sche 1 kunoff accounted for the effect of the 
horn flare by introducing a quadratic phase error in the 
dominant mode field along the aperture axes. The geometrical 
theory of diffraction improves Schelkunoff's equation by 
accounting for the reflection of fields diffracted from the horn 
interior and field doubly diffracted from the horn aperture. 
This equation then determines the on-axis near-field gain of a 
pyrami dal horn. 

The failure of an anechoic chamber to provide a perfect free­
space test environment affects the accuracy in the anechoic 
chamber measurements. The performance of a rectangular anechoic 
chamber can be checked by measuri ng the rel ati ve i nserti on loss 
versus separation distance between a source antenna and a 
recei vi ng antenna. Di sagreement between the measured i nserti on 
loss and the calculated free-space transmission loss is a 
measure of refl ecti ons from the chamber surfaces. Thi s paper 
discusses the methodology for evaluating anechoic chamber 
measurements. 
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URSI/A-I-3 

A MODULAR TESTBED DESIGN OF A HIGH RESOLUTION POLARIZATION 
RADAR FOR TARGET IN CLUTTER DETECTION AND DESCRIPTION 

Robetot M. Lempkowski and Wol fgang-M. Boetoner 
Electtoomagnetic Imaging Division 
Communi cati ons Labotoatotoy /SEL 4210 
Dept. of Electrical Engineering & 
Computeto Sci ence/SEO 1141 
Univetosity of Illinois at Chicago 
851 S. Morgan St. 
P.O. Box 4348 
Chicago, IL 60680 

Recent developments in toadato pol atoimettoy have genetoated di vetose 
toequ it-ements for system des i gn. Speci al putopose toadat"s have ptooven key 
aspects of the expanding use of dual otothogonal theotoetical wotok. A system 
which can accomodate vatoi eti es of pol atoi zati on divetose opetoati ng modes is 
requit°ed to futotheto expand thi s cababil ity by ptoovi di ng i nsi ghts into tatoget 
and/oto cl utteto depol ad zati on ptooperti es. Imptoovements wi th toegatod to 
toeal- time vi ewi ng of processed data is impetoati ve for system and operatoto 
i ntetoacti on to optimi ze al god thms of the vatoious opetoati ng modes (R.M. 
Lempkowski, M.Sc. Thesis, June 1984). 

This system proposal entails the use of a variable ellipsometric 
po 1 at"i zati on ttoansmi tter and a toecei vel' whi ch di spl ays toetuton pol ari zati on 
opetoating ftoom 2-18 GHz. Ttoansmission can be toouted into the toeceiveto foto 
system cal ibtoati on enooto conecti on, and toesul ting toeal time depol ad zati on 
display utilizing digital conttoolled switch, phase and amplitude netwotoks 
located in both the ttoansmitter and toeceiveto. The display fOtomat is the 
Poincat"~ sphetoe itself, and the vector information of co-pol nulls is 
available fOto immediate otodeto ptoocessing when formed via ttoansmission of 
vatoiable poladzations. Sepatoate otothogonal channels atoe available in the 
toeceiveto to monitoto x-pol infotomation as well as prove conoectness of co-pol 
toati 0 toeturns of the di spl ay. 

In addition to functioning as a polatoimettoic toadato, additional modes to 
be used sepatoately fOto investigation atoe: 

1. Individual orthogonal doppler channels 
2. Ampl itude and ftoequency modulation fOto toamp, chit°p and otheto 

comptoess i ve modes 
3. Polatoization modulation ability (digital) foto communication Oto 

senoodyne 

Si nce the toeceiveto has the orthogonal channel s avail abl e, the 
possibil ity exists fOto gtoowth into the following atoeas: 

1. Upconvetot/ downconvetot to hi gher ftoequency cababi 1 i ty wi th an odd 
common IF 

2. Employ use of otheto speci al- putopose hatodwatoe such as 1 ogi c- ptooduct 
null suptoessi on techni ques 

3. Combinations of techniques, chirp filter hardware, etc. 

URSI-A: Mictoowave and Mill imeteto Wave Measutoements 
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URSI/A-I-4 

An Integrated WR22 Resolver Style 6-Port for ~laking Accurate 

Reflection Coefficient Heasurements over the Band 33-50 GHZ 

Gordon P. Riblet 
Mi crowave Development Laboratori es, Inc. 

Abstract 

In this paper a compact WR22 6-port coupler for making accurate reflection 

coefficient measurements over the band 33-50 GHZ will be described. This is a 

frequency range for which simultaneous ampl itude and phase measurements have 

traditionally been difficult and expensive, and which includes the 44 GHZ band 

which is of increasing commercial importance. The 6-port coupler is a compact 

integrated assembly including 4 diode detector mounts. Because of its compact 

construction style the 6-port calibration constants vary only slowly as a function 

of frequency. As a result frequency control beyond wavemeter accuracy is not 

required in order to make accurate amplitude and phase measurements. The measure­

ment system itself includes a I~icro-Now 33-50 GHZ sweeper ~lith an IEEE bus, an 

HP9816 16 bit computer, and a PHI 1038 scalar analyser with the IEEE bus. The 

channel B plug-in of the PI,n is replaced with a custom built switch box which 

can be controlled by the HP9816 and switches in turn 3 of the detectors of the 

6-port to the channel A p 1 ug- in of the PMI. Smith Cha rt plots based on 50 

frequency points or plots of amplitude or phase vs frequency can be displayed 

on the screen of the HP9816 in less than 10 seconds after measurements begin. 

Some measurement results will be presented at the symposium. 
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URSI/A-I-5 

URSI COMMISSION A 

MODIFICATION OF THE SPECTRAL DENSITY OF THE THERMAL NOISE 
WITHIN A MICROWAVE CAVITY EQUIPPED WITH AN EXTERNAL FEEDBACK 
LOOP. 

Bernard Villeneuve, Pierre Tremblay and Michel Tetu 
Laboratoire de Recherche sur les Oscillateurs et Systemes 
Departernent de genie electrique 
Universite Laval, Ste-Foy, P. Quebec 
Canada GIK 7P4 

An experimental study of the spectral density of the thermal 
noise within a microwave cavity equipped with an external feedback 
loop to enhance the cavity Q is presented. The spectral density 
is measured for various values of the loop parameters (gain and 
phase). It is shown that this density can be far different from 
the expected Lorentzian shape. 

Using the two-port equivalent for each element,a theoretical 
model of the system is developped. This model allows the evalua­
tion of the spectral density of the thermal noise at any port along 
the system. Comparison between the measured values and the calcula­
ted values of the spectral density is given. 

The measurement procedure and the theoretical model presented 
can be extended to evaluate the performances of the system used as 
a cavity-oscillator. Both microwave spectrum and frequency stabili­
ty are to be considered. 
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URSI/A-I-6 

PRECISION MILLIMETER WAVE MEASUREMENTS OF 
REFRACTIVE INDEX AND DIELECTRIC PER~lITTIVITY 

Mohammed Nurul Afsar 
Massachusetts Institute of Technology 

Francis Bitter National Magnet Laboratory 
Cambridge, Massachusetts 02139 

Abstract 

It is no longer necessary to use extrapolated microwave dielectric 

values when designing millimeter wave components and systems. Recent 

measurements at MIT have shown that low -loss millimeter wave materials 

can be characterized accurately across the continuous spectrum from 60 

GHz to 400 GHz. Our refractive index measurements of glasses, ceramics 

and semiconductors have been accurate and reproducable to six signifi-

cant figures. This accuracy is sufficient to distinguish differences 

among nominally identical specimens such as siblings in a batch of 

material, different sources of the same material, different methods 

of preparation, different aging processes and environmental changes in 

properties caused by assimilation of water vapor or chemical pollutants. 

The absorption coefficient of these low-loss materials have been meas-

ured to an accuracy of at least one percent. The real and imaginary 

parts of the Complex Dielectric Permittivity and also the loss tangent 

values of these materials have been derived via Maxwell's celebrated 

relation £ = (n)2 from the directly obtained absorption coefficient 

and refractive index values. These measurements were carried out emp-

loying dispersive Fourier transform spectroscopy applied to a modern 

modular polarization type two-beam interferometer. 
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URSI/A-I-7 

RESONANT WINDOW METHOD TO MEASURE THE 
PERMITTIVITY OF THIN SHEET MATERIALS 

A. Kumar 
Antenna Engineering 
Spar Aerospace Ltd. 

21025 Trans-Canada Highway 
Ste-Anne-de-Bellevue 

Quebec 
Canada H9X 3R2 

The aim of this paper is to develop an accurate 
method for determining dielectric properties of thin 
sheets of various dielectric material. The cavity 
perturbation method has been found suitable for the 
me8.surement of the relative permi ttivi ty of thin 
sheets of materials t11 • In this method, the 
measurement is performed by inserting the sample 
sheet into a cavity resonator and determining the 
properties of the sample from the resultant change 
produced in the resonant frequency and the quality 
factor. In the cavity method, there is a need for a 
perfect fitting of the sample into the waveguide and 
an error is introduced due to this assumption. 

To overcome this error, we have developed a new 
technique in which there is no need for a perfect 
fitting of the sample into the waveguide. In this 
method a tuned window (1] is placed in a rectangular 
waveguide and a thin piece of dielectric sheet is 
placed close to it. We can show easily that the tuned 
window and sample can be expressed as a susceptance 
(jB) across the equivalent transmission line for the 
first order approximation of the sample thickness 
and a negligible thickness of window, assuming that 
only a dominant mode TE10 is permitted to propagate 
in the waveguide. 

To calculate the relative permittivity, we require 
to know the size of the resonant window, thickness 
of the dielectric material and the resonant 
frequency. The experimental results of thin sheets 
of Stycast Hik and Legkoweld glue have been reported 
and a detailed discussion will be given at the 
Conference. 

REFERENCES 

[1] A. Kumar and D. G. Smith, lEE Conference 
Publication No. 129, 151-154, 1915. 
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URSI/A-I-8 

INFRARED DETECTION OF MICROWAVE 
SCATTERING AND DIFFRACTION 

Ronald M. Sega 
Department of Electrical Engineering 

University of Colorado 
Colorado Springs, Colorado 80933 

An infrared (IR) measurement technique originally developed for the 
detection of surface currents on complex shapes has been extended to the 
detection of scattering and diffraction phenomena of electromagnetic 
(EM) waves in the 2-4 GHz range. A resistive paper (approximate 
resistance = 1500 r. /0 and thickness = 80 11 m) is used as the detection 
medium whereby the resultant electric field interacts with this material 
screen, producing joule heating observable with an IR system. A flat, 
resistive screen (lm x 2m), mounted on a styrofoam board, was placed in 
the scattering or diffraction plane of interest. 

Figure 1: Thermogram 
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Figure 2: Intensity Plot (Empirical) 
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Several classic experi­
mental situations were in­
vestigated and the results are 
presented. These include 
scattering from cylinders, 
Young's double-slit demon­
stration, and Fresnel dif­
fraction from a straight edge 
of a half-plane which is de­
picted in figures 1 and 2. 
Corrections for ambient 
thermal conditions and inci­
dent wave characteristics, 
and multiple frame averaging 
techniques are presented. 
Correlation of the empirical 
results such as depicted in 
figure 2 with theoretical 
predictions is encouraging. 
The direction of this research 
is toward the analysis of EM 
scattering and diffraction 
from complex structures and 
the development of interfer­
rometric techniques to 
measure phase and ampli­
tude. Potential applications 
of infrared detection tech­
niques to more general EM 
problems are also discussed. 



URSI/A-I-9 

DESIGN AND PERFORMANCE OF HEU~HOL TZ COILS FOR 
MAGNETIC FIELD MEASUREMENTS 

V. V. Liepa, B. Dykaar and J. Go 
Radiation Laboratory 
Department of Electrical and Computer Engineering 
The University of Michigan 
Ann Arbor, MI 48109 

The surface current measurements whether performed in a 
frequency or time domain facility do not usually provide data 
at low frequencies and, in particular, at zero frequency or dc. 
If available, such data will extend to zero the measured 
transfer function data curves, such as those for the surface 
current induced on an aircraft by an incident electromagnetic 
wave, and in SEM analyses will provide the value of the residue 
at zero frequency. 

To generate a test region of a uniform magnetic field in 
a low MHz frequency range a Helmholtz coil design was selected. 
The test region is cylindrical and is 12 inches in diameter and 
12 inches in length, where the field should not deviate more than 
five percent. From the dc analysis it was determined that to 
meet these requirements a pair of coils four feet in diameter and 
two feet apart would be required. To obtain the uniform field 
at a relatively high frequency (10 - 20 MHz) it is essential 
that the phase and amplitude of the current in each of the two 
loops be constant and such was accomplished by using four driving 
points on each of the two loops. 

Two designs, differing in the manner in which the driving 
points are implemented, were constructed and evaluated. In the 
first design the loops are closed (rings, no gaps) and the 
excitation is provided by eight current transformers placed 90 
degrees apart on each coil. The eight transformers, in turn, 
are fed equally in phase and amplitude from an 8-port power 
splitter. In the second design each of the coils are excited by 
four equally spaced gaps. on each coil, which, in turn, are fed 
from within the conductors (coils) made of semi-rigid coaxial 
cable. Here differential signals are needed and these are 
obtained from a transformer/power splitter circuit. 

In the presentation the two designs and comparison of 
their performance will be discussed. Sample measurements of 
the magnetic field on simple shapes will be presented. 
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URSI COMMISION B SESSION 8-17 
~ IMAGE IDENTIFICATION ~ 

Thursday, June 28 1 :30 - 5:00 P.M. 
Room: ST. GEORGE, A, 8 
Chairman: Arthur Jordan 

Naval Research Laboratory, Washington, 
D.C. 

1. METHODS FOR K-PULSE ESTIMA­
TION, E. M. Kennaugh, N. Wang, and D. 
L. Moffatt, The Ohio State University Elec­
troScience Laboratory, Department of 
Electrical Engineering, Columbus, OH 

2. THE K-PULSE AND RESPONSE 
WAVEFORMS FOR NON-UNIFORM 
TRANSMISSION LINES, E. M. Kennaugh, 
D. K. Moffatt, and N. Wang, The Ohio State 
University ElectroScience Laboratory, De­
partment of Electrical Engineering, Colum­
bus,OH 

3. A CLASSIFICATION ANALYSIS OF 
HIGH RESOLUTION POLARIMETRIC 
TARGET DOWNRANGE SIGNATURES 
BASED ON KENNAUGH'S POLARIMET­
RIC TARGET CHARACTERISTIC 
OPERATOR THEORY, Anthony C. Man­
son and Wolfgang-M. Boerner, Electro­
magnetic Imaging Divison, Communica­
tions Laboratory, Dept. of EE & CS, Univer­
sity of Illinois at Chicago, Chicago, IL 

4. PERFORMANCE OF TWO TARGET 
CLASSIFICATION TECHNIQUES FOR HF 
OTH RADARS, J. S. Chen and E. K. Walton, 
The Ohio State University ElectroScience 
Laboratory, Columbus, OH 
5. LAMBERT, MOLLWEIDE AND AIT­
OFF PROJECTIONS OF THE POLARI­
ZATION SPHERE AND ITS APPLICA­
TION TO RADAR POLARIMETRY, Xiao­
Quin Huang and Wolfgang-M. Boerner, 
Electromagnetic Imaging Division, Com-

munications Laboratory, Dept. of EE & CS, 
University of Illinois at Chicago, Chicago, 
IL 

6. A UNIFIED APPROACH TO OBJECT 
CLASSIFICATION FROM SCATTERED 
WAVE MEASUREMENTS, G. D. Poe, E. 
K. Miller, Lawrence Livermore National 
Laboratory, Livermore, CA 

7. ON THE PRACTICALITY OF RESO­
NANCE-BASED IDENTIFICATION OF 
SCATTERERS, J. R. Auton, M. L. Van 
Blaricum, and T. L. Larry, Gef1eral Re­
search Corporation, Santa Barbara, CA, 
M. A. Morgan, Naval Postgraduate School, 
Monterey, CA 

8. TARGET RECONSTRUCTION FROM 
NATURAL FREQUENCIES, C. Eftimiu 
and P. L. Huddleston, McDonnell Douglas 
Research Laboratories, St. Louis, MO 

9. ERROR ANALYSIS OF RADAR SCAT­
TERING MATRIX MEASUREMENTS, 
Sasan S. Saatchi and Wolfgang-M. Boern­
er, Electromagnetic Imaging Division, 
Communications Laboratory, Dept. of EE & 
CS, University of Illinois at Chicago, Chi­
cago,IL 

10. SIGNAL PROCESSING FOR IN­
VERSE SCATTERING UNPER THE 
KIRCHHOFF ASSUMPTION, K.J. Lan­
genberg, M. Fischer, K. Mayer, G. Wein­
furter, P. Xanger, Department of Electrical 
Engineering, University of Kassel, Kassel, 
W. Germany 





URSI/A-I-9 

METHODS FOR K-PULSE ESTIMATION 

E.M. KENNAUGH, N. WANG AND D.L. MOFFATT 
The Ohio State University ElectroScience Laboratory 

Department of Electrical Engineering 
Columbus, Ohio 43212 

The purpose of this paper is to briefly describe and 
illustrate certain methods for estimating the K-pulse waveform. 
In particular, a method for approximation of the K-pulse by an 
equally-spaced train of 2M+l impulses over a finite interval 
will be discussed and illustrated for a known K-pulse. 

Approximation of a K-pulse by a finite Fourier series will 
also be discussed and results compared with the impulse train 
approach. Finally, we will discuss special cases which occur 
for zero distributions which asymptotically continue to 
diverge from the imaginary axis (although remaining within an 
infinitesimal angle of that axis). This type of zero 
distribution occurs for the complex resonances of the perfectly 
conducting sphere. 

229 

,:1, 



URSI/8-17-2 

THE K-PULSE AND RESPONSE WAVEFORMS FOR 
NON-UNIFORM TRANSMISSION LINES 

E.M. KENNAUGH, D.L. MOFFATT, AND N. WANG 
The Ohio Stete University ElectroScience Laboratory 

Depertment of Electrical Engineering 
Columbus, Ohio 43212 

The purpose of this paper is to iLlustrate the application 
of the K-puLse concept to a class of distributed-parameter 
systems which can be modelled by finite Lengths of non-uniform 
transmission Lines. The K-puLse of such a system is the 
excitation ( input J waveform of finite duration which yieLds 
response waveforms of finite duration at aLL points of the 
systam. We shaLL use deLay Line with fixed deLay, which permits 
the finaL R-matrix of the system to be expressed in terms of 
poLynomiaLs in the variabLe z=exp(-2s~J, where ~ is the eLement 
de Lay. 

NumericaL techniques using finite eLement methods are 
deveLoped to derive accurate approximation of the K-puLse and 
response waveforms for uniform and non-uniform transmission 
Lines. We are interested in the convergence of the waveforms as 
N, the order of the poLynomiaLs, is increased. We are aLso 
interested in the limiting form of these waveforms as N - 00, 

and how accurateLy this Limiting form may be extrapoLeted from a 
finite eLement modeL with N Less than 50. Comparison is made 
with exact resuLts, where these can be obtained using other 
methods, to iLLustrate the accuracy and utiLity of the method. 
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URSI/8-17-3 

A CLASSIFICATION ANALYSIS OF HIGH RESOLUTION POLARIMETRIC 
TARGET DOWNRANGE SIGNATURES BASED ON KENNAUGH'S POLARIMET­

RIC TARGET CHARACTERISTIC OPERATOR THEORY 

Anthony C. Manson and Wol fgang-M. Boet'net' 
Electromagnetic Imaging Division 
Communi cati ons Labot'atory /SEL 4210 
Dept. of El ectt'i cal Engi ennet'i ng & 
Computet' Science/SEO 1141 
Univet'sity of Illinois at Chicago 
851 S. MOt'gan St. 
P.O. Box 4348 
Chiacgo, IL 60680 

Basic polat'imett'ic backscattet'ing chat'actet'istics of simple to in­
creasingly mot'e complex shaped missile-type tat'gets at'e analyzed and 
i ntet'preted by adhet'ing stt'ictly to Kennaugh's tat'get chat'actet'istic ope­
t'atOt' concept and Huynen's tat'get Muellet'-matt'ix decomposition theot'ies. 

Sca ttet'er model data at'e computet'- genet'ated on the DEC-VAX 11/750 
Reseat'ch Computet' Pt-ocessi ng System at the Communi cati ons Labot'atot'y and 
compat'ed with measut'ement data fOt, missile-type composite tat'gets collected 
on the Teledyne-Mict'onetics t'ange fOt, the S-band (2.4 to 4 GHz in steps of 
25 MHz) and X- band (9 to 10.6 GHz) fOt, vet,ti cal (V) and hot'i zontal (H) an­
tenna pol ari zati on state basi s as desct'ibed in Mot'gan and Wei sbt'od (1982). 

Maj or emphasi sis pl aced on extt'acting basi c pol at'imett'i c scattet'­
i ng/di fft'acti on centet's of si ngl e i sol ated composi te targets of mi ssil e 
shape as functions of aspect and inct'emental down t'ange t'esol ution. The 
obtained t'esults at'e t'eintet'pt'eted (A.C. Manson, May 1984) with the objec­
tive of assessing the potential of utilizing complete polarimetric target 
dowm'ange si gnatut'es as input functi on fOt, tat'get chat'actet'i sti c cl assi­
fiet's. 

URSI-Commi ssi on B: Invet'se Scatteri ng 
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URSI/B-17-4 

PERFORMANCE OF TWO TARGET CLASSIFICATION 
TECHNIQUES FOR HF OTH RADARS 

J.S. Chen and E.K. Walton 

The Ohio State University ElectroScience Laboratory 
Department of Electrical Engineering 

1320 Kinnear Road 
Columbus, Ohio 43212 

It has been shown that radar returns in the resonance 
region (eg: with wavelengths ranging from 1/10 to 10 
times the size of the radar target) carry information 
regarding the overall dimensions and shape of the radar 
targets. This paper discusses radar target 
classification techniques developed to utilize such 
data as radar target signatures for aircraft, ships, 
and missiles. 

Two classification techniques will be discussed here. 
Both of these techniques utilize resonance region radar 
measurements of the radar cross section (RCS) and 
intrinsic target backscattered phase. The RCS of the 
unknown targets are included in a previously generated 
catalog of RCS and phase measurements. The catalog used 
for this paper was generated using RCS measurements of 
scale models of modern aircraft and naval ships using a 
radar range at Ohio State University. The unknown 
targets have their RCS and phase taken from the data 
base and corrupted by errors to simulate real-world 
full-scale propagation path and processing distortion. 
Examples will be shown. 

The first technique uses nearest neighbor algorithms 
on the RCS magnitude and (range corrected) phase 
at a number (eg: 2, 4, or 8) of operating frequencies. 
The second technique uses inverse Fourier 
transformation into the time domain followed by cross 
correlation. Comparisons of the performance of the two 
techniques as a function of signal to error ratio for 
various processing options will be given. 
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URSI/8-17-5 

LAMBERT, MOLLWEIDE AND AITOFF PROJECTIONS OF THE POLARIZATION 
SPHERE AND ITS APPLICATION TO RADAR POLARIMETRY 

Xiao-Qing Huang and Wolfgang-M. Boerner 
Electt"omagnetic Imaging Division 
Communications Labot"atot"y/SEL 4210 
Dept. of Electrical Engineering & 
Computet" Sci ence/SEO 1141 
University of Illinois at Chicago 
851 S. MOt"gan St. 
P.O. Box 4348 
Chicago, IL 60680 

In the application of basic scattering matrix theories such as 
Kennaugh's target chat"actet"i sti c opet"atot" fot"mul ati on to t"adat" pol at"imett"y, 
opimal polat"ization states need to be displayed on the Poincat"~ polat"ization 
sphet"e. Although such a tht"ee-dimensional pt"esentation of a t"adat" tat"get's 
chnactet"istic opet"atot" (polat"ization fot"k) is most illustt"ative, in pt"ac­
tice two-dimensional projections at"e usually mot"e desil"able; and het"e we 
wi 11 appl y modern and advanced methods of cat"togt"aphi c pt"oj ecti on theory fOt" 
the purpose of determining which planar pt"ojection can be used efficiently 
next to the standat"d pol at" map pt"ojection. 

Specifi cally, we wi 11 di scuss techni ques of pt"esenti ng powet" and vo 1-
tage t"elationships on the Poincat"~ polat"ization sphet"e on two-dimentional 
planat" maps using vat"ious pt"ojection algot"ithms. With the assumption of only 
being concet"ned with the specific location of a polat"ization state on the 
pol at"i zati on sphet"e t"athet" than its intensity, we nOt"mal i ze the Poi ncat"~ 
sphet"e to be a unit sphet"e so that a t"eduction ft"om the tht"ee-dimensional 
pt"ojection can be facilitated. Vat"ious known geogt"aphical mapping techniques 
are applicable in this case which differ in such properties as the shape, 
the size, the at"ea di stot"ti on of specifi c t"egi ons on the sphet"e (X-Q. Huang, 
M.Sc. Thesis, June 1984). In genet"al, those techniques can be set in ot"det" 
of fout" categot"ies, namely: Azimuthal, Cyl indt"ical, Conic, and Ell iptical. 
The chat"actet"i stics of these techni ques at"e di scussed, associ ated computet" 
gt"aphical softwat"e was developed, as well as appl ied documentation and im­
pl ementati on analyses fOt" many pol at"imett"ic t"adat" appl icati ons at"e i ntro­
duced. Specifi cally, the standat"d pol at" pt"oj ecti on, vat"i ous Lambet"t pt"oj ec­
tions, the elliptical Aitoff and Mollweide appt"oaches at"e considet"ed in de­
tail. 

Fi na lly, usi ng expet"imental and computet" model generated data, these 
vat"ious pt"ojection techniques are applied to pt"actical situations, and theil" 
t"elative met"its at"e being discussed and compat"ed. 

URSI-B: Analytical & Numet"ical Techniques 
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URSI/8-17-6 

A UNIFIED APPROACH TO OBJECT CLASSIFICATION 
FROM SCATTERED WAVE MEASUREMENTS* 

G. D. Poe, E. K. Miller 

Lawrence Livermore National Laboratory 
P.O. Box 5504, L-153, Livermore, CA 94550 

Abstract 

Inverse problems have as their usual goal that of obtaining the source 
distribution and object geometry which produced the observed (usually) far 
field. This very general problem may be simplified if the less ambitious 
goals of object classification (does the data observed place the object in the 
class of interest?) or object identification (if in the class of interest, 
which particular object is it?) are substituted. 

Many different approaches have been developed for the inverse problem, two of 
which are discussed here, ramp-response (early-time) profile estimation, and 
resonance-response (late time) pole estimation. The former exploits the fact 
that a ramp field incident on a convex object produces a scattered field whose 
time dependence is proportional to the cross sectional area as seen by a plane 
moving through the object. The latter by contrast utilizes the source-free 
response of the object, the poles of which are the object resonnances. These 
two data regimes can provide complimentary ways to approach object 
identification and geometry estimation. 

After presenting some introductory material, we discuss some specific 
attributes of each approach. Although a ramp response deals with early-time 
fields, theUJ-2 energy spectrum of the incident field necessarily limits the 
maximum useful frequency and consequently the spatial resolution it can 
provide. On the other hand, the free response depends on the object's "Q" 
being high enough that the scattered fields persist sufficiently long for the 
poles (or their equivalent) to be estimated. This requirement results in 
limiting accurately useful pole estimation to a region near the jUJ axis. By 
constraining the poles to a parametric curve in the complex s-plane, it is 
possible to extend the useful pole region by exploiting redundancy in the 
object's frequency response. These and other aspects of ramp and resonance 
responses will be discussed with respect to implications for practical 
utilization. 

*Work performed under the auspices of the U. S. Department of Energy by the 
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48. 
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URSI/B-17-7 
ON THE PRACTICALITY OF RESONANCE-BASED IDENTIFICATION 

OF SCATTERERS 

by J.R.Auton, M.L.Van Blaricum, and T.L.Larry 
General Research Corporation 
Santa Barbara, CA 

and M.A. Morgan 
Naval Postgraduate School 
Monterey, CA 

The practicality of resonance-based identification 
of electromagnetic scatterers is explored through 
measurements of monostatic scattering from the two 
stick-model scatterers shown below. These scatterers are 
representative of two different aircraft that are to be 
discriminated or identified. Numerical predictions for 
these same scatterers were carried out to validate the 
measurements and quantities derived from the 
measurements. Clusters of natural frequencies 
(Laplace-domain poles) have been formed for each 
scatterer with data from different measurements. The 
mutual exclusiveness of the clusters is an indication of 
the practicality of resonance-based identification. 
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URSI/B-17-8 

TARGET RECONSTRUCTION FROM NATURAL FREQUENCIES 

C. Eftimiu and P. L. Huddleston 
McDonnell Douglas Research Laboratories 

St. Louis, MO 63166 

Inverse scattering theory is used to reconstruct radially 
distributed refractive indices from natural frequencies. Only the 
case of scalar waves is discussed, although the extension to 
electromagnetic waves is straightforward (C. Eftimiu, NATO 
Advanced Research Workshop, Bad Windsheim, Sept. 1983). The 
scalar Helmholtz equation governing the scattering is transformed 
by a Liouville transfor.mation into a quantum mechanical 
Schrodinger-like equation [C. Eftimiu, J. Math. Phys., 23, 2140-
2146, (1982)] for which a complete inverse scattering theory 
exists. The inverse theory based on the Marchenko equation 
proceeds from the scattering matrix to the solution of an integral 
equation to determine the scattering potential from which the 
index of refraction is recovered by an inverse Liouville 
transformation. Two methods of expressing the scattering matrix 
in terms of natural frequencies are studied: an (infinite) 
Weierstrass product representation and an (infinite) Mittag­
Leffler summation representation. The efficacy of the truncated 
forms of these representations is explored. For the case under 
consideration (finite range potentials) an asymptotic formula for 
the high-order natural frequencies is known [J. Humblet, Mem. Soc. 
Roy. Sci. Liege, 12, 9-119, (1982)]. Thus, if many natural 
frequencies are required for a satisfactory reconstruction, but 
only a relative few are available from experimental data, one can 
estimate as many more as are required. This approach provides a 
convenient context in which to assess the effect that perturbing a 
set of natural frequencies has on the reconstructed index of 
refraction. Possible perturbations could involve simply changing 
the location of one or more of the natural frequencies, adding 
extra natural frequencies to the set or removing natural 
frequencies from the set. Some preliminary results on the effects 
of such modifications will be presented. 
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ERROR ANALYSIS OF RADAR SCATTERING MATRIX 
MEASUREMENTS 

Sasan S. Saatchi and Wol fgang-M. Boet'net' 
El ectt'omagneti c Imagi ng Di vi s i on 
Communications Labot'atot'y/SEL 4210 
Dept. of Electrical Engineering & 
Computet' Sci ence/SEO 1141 
Univet'sity of Illinois at Chicago 
851 S. MOt'gan St. 
P.O. Box 4348 
Chicago, IL 60680 

URSI/8-17-9 

In studying the t'adat' polat'ization matt'ix fOt, detet'mining 
chat'acteri stics of a t'adat' scattet'et', an en'ot' analysi sis developed which 
establishes a set of constraints on the various considered error quantities. 
The specific en-ot' quantities chosen, at'e those which at'e expected to affect 
measurements most seriously (S.S. Saatchi, M.Sc. Thesis, June 1983) and may 
be defined by 

1. impt'opet' antenna pol ad zati on 
2. geomett'y of measut'ement set-up 
3. side lobe i ntet'fet'ence 
4. calibration procedures 

Using a linear (H,V) antenna polarization state basis, it is shown that the 
enors of impt'opet' antenna pol at'i zati on can be expressed in tetms of a 2x2 
t'el ative phase t'adat' polarization scattering matt'ix. For vat'ious specific 
obj ect shapes the en'Ot' effects on the RCS and powet' t'eturned ft'om the 
scattet'et' is compat'ed to the ideal case. It is shown that fot, objects with 
no intt'insic depolarization effects, this en'ot' will genet'ate Ct'OSS 
pol at'ized tetms in the scattet'ing matt'ix which, howevet', can be t'emoved by 
u si ng the cali bt'ati on methods i ntt'oduced. Specifi cally, we have shown that 
fOt, reduci ng meaSUt'ement en'ot's in scattet'i ng matt'i x measUt'ements one need 
to use simple known cal ibt'ation objects othet' than sphet'es, because the 
scattering matrix of the sphere is not suitable for analyzing depolarization 
effects. 

URSI-A: Mi ct'owave and Mi 11 imetet' Wave Measut'ements 
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URSI/8-17-10 

Signal processing for inverse scattering 

under the Kirchhoff assumption 

K.J. Langenberg 
M. Fischer 
K. Mayer 
G. Weinfurter 
P. Zanger 

Department of Electrical Engineering, FB 16 
University of Kassel 
3500 Kassel, FRG 

For convex or even smooth star-shaped scatterers the Kirchhoff or Phy­
sical Optics assumption can be utilized to derive a couple of inverse 
scattering algorithms, the most well-known ranging under the acronyme 
POFFIS, for Physical Optics Far-Field Inverse Scattering: a monostatic 
broadband experiment is assumed and signal processing is in terms of 
a multidimensional spatial Fourier transform from K-space to reconstruc­
tion space. A bistatic counterpart can be derived neuristically leading 
to Fourier-Holography or FIFFIS (FreqJency Independent Far-Field Inverse 
Scattering), and its results are comparable to aperture-limited POFFIS. 
Limiting the bandwidth as well yields the backward wave propagation 
algorithm Generalized Holography where now only the real and imaginary 
part of the scattered field, i.e. fewer data, have to be processed, but 
only plane scatterers can be imaged that way, because the backward wave 
propagation argument holds only if a one-dimensional formulation of 
scattering in terms of a spectral wave decomposition is possible. 

Instead of spatial Fourier processing a time domain data registration 
and signal summation according to travel times might be performed alter­
natively and interpreted as a correlation procedure: starting with the 
POFFIS-identity, the Synthetic Aperture Radar is derived. Generalizing 
the procedure to the near-field, Fourier processing is once again possi­
ble if an additional interpolation is included. 

The above statements are supported by (scalar) computational results for 
a variety of scatterer shapes. 
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