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FOREWORD 

This report is a documentation of an investigation of 
the polarization characteristics of a BQM-34A drone. Specific 
characteristics investigated included the mean and/or median 
radar cross section obtained within both small and large aneu- 

f -í68?-?118 and ?he statistics of the magnitude and frequency 
of the linear glint spikes as characterized by the standard 
deviation of the glint obtained within small angular sectors. 
The primary intent of this program was to provide additional 

information concerning the polarization characteristics of 
complex radar targets for use in the selection and evaluation 
of an all-weather capability of an operational radar system. 

n ^ fcThis4work was sponsored by the U. S. Army Missile Command, 
Reds tone Arsenal, Alabama, under the direction of Dr. James W. 
Wright. The investigation was conducted by the Fort Worth 
Operation of the Convair Aerospace Division of General Dynamics 
Corporation under Contract Number DAAH01-73-C-1102. 

The authors acknowledge with pleasure several suggestions 
of Mr. W. A. Pierson which were extremely helpful in conduct- 
mg portions of the program. They also acknowledge Dr. James 
W. Wright for his assistance in meeting the objectives of this 
investigation. 
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SECTION 1 

INTRODUCTION 

This report contains a documentation of a study and 
investigation which was directed toward an analysis of radar 
signature measurements data in order to determine the polari¬ 
zation dependence of radar scattering characteristics of a 
complex aircraft target. These scattering characteristics 
include the median value of the radar cross section, a param¬ 
eter utilized in estimating the detection range of a search 
radar, and linear glint, a parameter utilized in estimating 
the performance of a tracking radar. Specific attention was 
devoted to a comparison of these parameters for the case of 
circular polarizations in order to determine the decrease 
in detection range and signficant reduction in target glint 
if any, obtained with the use of circular polarization. 

The use of circularly polarized radiation provides a 
means of reducing the competing clutter associated with rain. 
However, this technique of providing an all weather capability 
is often rejected on the basis of the reduction in target echo 
strength that is associated with the use of circular polariza¬ 
tion. Recent studies performed by Convair Aerospace have 
shown that the effective reduction in the aspect regions of 
interest is much smaller than the values normally utilized. 
One objective of this investigation was to analyze radar cross 
section measurements data of a BQM-34A target drone in order 
to determine the reluct ion in target echo strength due to the 
use of circular polarization. 

For the case of a tracking radar system in which the 
range from the radar to the target is small, the most signif¬ 
icant source of error is the linear glint. Among the several 
techniques which have been utilized in order to significantly 
reduce the effects of target induced tracking errors on a 
radar system are methods involving frequency or polarization 
diversity or averaging. Sine*’ a circular polarized target 
signature can be described as an average of the three princi¬ 
pé® linear polarizations, another objective of this investi¬ 
gation included a comparison of the circular polarization 
glint with the linear polarization glint. 

Measurements data of a scale model BQM-34A were obtained 
at Convair Aerospace under a Discrete Scatterer Target Model¬ 
ing Contract with the Raytheon Company, and measurements data 

1 



T°ín»n a?CUal drone were Pr°vided by the project monitor 
Long-pulse measurements data of the scale midel werereduced 
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SECTION 2 

S U M M A R Y 

This document contains a description of the results 
obtained during an investigation of the polarization charac¬ 
teristics of a BQM-34A drone. The primary objectives of this 
study were to determine the radar cross section (RCS) and 
linear glint for the case of two circular polarizations and 
compare these to the values obtained for the case of linear 
polarizations. These data could then be utilized in an 
analysis of the effects of modifying an existing radar sys¬ 
tem to transmit and receive circular polarization in order 
to provide an all weather capability. 

An extensive set of scale-model radar cross section 
measurements data of the BQM-34A is shown in Appendix A. 
Median RCS data plots obtained within 5-degree angular sec¬ 
tors are presented in Section 3 for selected measurements 

data. Such characteristics as the median RCS obtained within 
^ 120-degree sector about nose-on incidence are obtained and 
utilized as a measure of the circular polarization (CP) loss 
for the case of a typical angular sector viewed by a search 
radar. The CP loss obtained for the BQM-34A varies with 
respect to the target orientation, but a typical CP loss of 
2 dB is a more accurate estimate than the often quoted figure 
of 6 to 8 dB. 

Fluctuations in the apparent angular position of a tar- 
§et (ãÜftt) can produce a significant degradation in the 
tracking ability of a precision angle tracking radar. These 

errors are a result of changes which occur in the phase 
front curvature of the target echo when individual sources of 
scattering interfere coherently. Target glint can be deter¬ 
mined from a coherent (amplitude and phase) target signature 
by differentiating the phase with respect to aspect angle in 
order to obtain the slope of the phase front. Since long- 
pulse phase measurements were not obtained for the case of 
the scale model BQM-34A and both the amplitude and phase can 
be obtained from the Discrete Scatterer Model, this model 
was utilized in computing the glint from the scale model 
vehicle. 

The Discrete Scatterer Model is based upon the theory 
that the scattering from a complex target is basically due 
to currents which have local maximums at discontinuities in 
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the target surface. These localized currents appear at 
surfaces such as the inlet lips, turbine vanes and blades, 
and exterior edges. The amplitude and phase variation with 
respect to aspect angle of these discontinuities have been 
accurately predicted analytically and verified experimentally 
for the case of simple target configurations; however, for 
the case of complex targets, the analytical determination of 
the behavior of these discrete scatterers is an extremely 
complex problem which has not been solved. Convair Aerospace 
has developed an experimental technique to isolate these 
localized sources of scattering (discrete scatterers) and to 
determine their amplitude and phase behavior as a function 
of azimuth angle. This technique, which involves the pro¬ 
cessing of coherent short-pulse measurements data, was uti¬ 
lized to obtain a scattering model of the BQM-34A. A brief 
description of the processing technique, form of the model, 
and model verification is presented in Section 3.2. 

The measurements data of the actual BQM-34A were obtained 
for the three principal polarizations. Circular polarizations 
signatures were computed from the measured scattering matrix 
data and the linear glint was determined from the resulting 
signatures by differentiating the phase data. Due to the 
extremely small angular increment of the measurements data, 
a filtering technique was utilized to reduce the high fre¬ 
quency noise components in the phase data before the glint 
was determined f^om the difference between two adjacent phase 
samples. This technique was verified experimentally by com¬ 
paring the glint obtained from the filtered phase data with 
the measured glint. Selected comparisons of the RCS and 
glint of the full-scale target are presented in Section 4. 

4 



SECTION 3 

COMPARISON OF SCALE 

MODEL MEASUREMENTS 

DATA 

Both long puls© and short-pulse radar measurements were 
made under a contract to the Raytheon Company to provide and 
verify a Discrete Scatterer Model of the target scattering 
characteristics of a BQM-34A drone. A 0.55 scale model of a 
BQM-34A drone was constructed and an extensive set of linear 
polarization measurements data were obtained in order to 
develop and verify the Discrete Scatterer Model. Additional 
circular polarization measurements were made in order to pro¬ 
vide information concerning the circular polarization loss. 

The scaled-model BQM-34A was constructed of fiberglass 
and conductive surfaces were flame sprayed or painted with 
a conductive aluminum coating. Specific emphasis was placed 
upon an accurate and yet reasonable modeling of the engine 
structure, the engine inlet and exhaust areas, the area 
immediately following the nose radome, and all external 
structures such as the riser cover and launch attachment. 

The cowl was made conductive in order to reduce multiple 
scattering effects although a conductive cowl is an optional 
feature of the actual drone vehicle. The engine inlet duct 
was modeled back to the engine, and the engine modeling 
included the three support struts and the compressor blades. 
A photograph of the scale model is shown in Figure 3-1. 

The radar cross section of this model was subsequently 
measured using both a coherent short-pulse system and a long 
pulse measurement system. The long pulse RCS data were pro¬ 
cessed to determine median values using both small and large 
angular sectors. The short pulse data were utilized in 
developing a discrete scatterer model of the target scatter¬ 
ing for use in the computation of the linear glint. 

3.1 LONG PULSE MEASUREMENTS 

The long pulse measurements data were obtained in the 
form of great circle cuts over the full 360-degree rotation 
about the vehicle. The long-pulse measurement system is a 

5 
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pulsed system which is range-gated at the range of interest. 
The target orientation conventions are shown in Figure 3.1-1. 
The measurements data are obtained in the form of analog 
plots and digj tal data which is recorded on paper tape and 
subsequently transferred to magnetic tape. The angular 
increment between data points is 0.1 degrees and the linear 
dynamic range is 50 dB. 

3.1.1 Measured RCS 

Selected plots of the analog data are presented in 
Figures 3.1-2 through 3.1-4. A large difference exists in 
the magnitude of the RCS at aspects near broadside (90° and 
270°) for the case of the cross circular polarization (L/L) 
and similar sense circular (R/L) or vertical polarizations. 
At these aspects, the circular polarization (CP) loss, deter¬ 
mined from the difference between the RCS in V/V polarization 
and L/L polarization, is 7 to 17 dB. However, it should be 
observed that the magnitude of the return in L/L polarization 
is large and exceeds the levels required for normal operation 
of a radar system. For the case of the wing speculars (+ 45° 
azimuth), the CP loss relative t the vertical polarization 
return is approximately 2 dB. 

At angles about nose-on incidence (0 degrees), the RCS 
in L/L polarization is larger than that in V/V polarization. 
This effect is probably due to multiple scattering phenomena 
in which energy is reflected from one surface or edge to 
another and then back to the radar. For the case of several 
types of scatterers including spheres, the phase difference 
between the vertically and horizontally polarized returns 
will be approximately 180 degrees. Thus, the L/L polariza¬ 
tion return, which can be expressed in a form which includes 
terms, involving the difference between the vertical and 
horizontal polarization responses, is increased; while the 
R/L polarization return, involving the sum of these returns, 
is decreased. 

A comparison of the three signatures presented in the 
Figures 3.1-2 through 3.1-4 indicates that the ratio of the 
magnitudes of the RCS is highly dependent upon the azimuth 
angle. In fact, at some azimuth angles, the CP loss computed 
as the ratio of the L/L RCS to the V/V RCS is actually a gain 

because the circular polarization RCS is larger than the V/V 
return. 
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3.1.2 Median Values (Small 

Angular Sectors) 

The comparison of the linear and circular polarization 
signatures can be facilitated by comparing median values 
obtained over small angular sectors rather than by comparing 
the RCS data sampled at 0.1-degree increments. Median cross 
section values within 5-degree angular sectors were obtained 
at intervals of 2.5 degrees and were plotted through use of 
a CAL COMP plotter. The medians obtained within these small 
sectors retain the basic structure of the measurements data, 
but can be used to obtain a more overall comparison of the 
data than is possible using a direct point-to-point compari¬ 
son of the measurements data. Selected median results are 
shown in Figures 3.1-5 through 3.1-14. 

The median RCS is generally higher for the case of V/V 
polarization than L/L polarization. However, for most 
measurement configurations, there are isolated angular 
sectors in which the L/L polarization median is larger 
than the linear polarization median. 

For the case of the measurement configuration <jf 0-degree 
pitch, 0-degree roll, the L/L median is larger than the V/V 
median at an azimuth of zero degrees and in the region from 
30 to 40 degrees. The largest difference in the median values 
occurs at the broadside aspects where the V/V median is ap¬ 
proximately 12 dB larger than the L/L median. 

3.1.3 Median Values (Large 
Angular Sectors) 

In order to obtain an overall comparison of the relative 
RCS for the case of circular and linear polarization, the 
digital long pulse measurements data were processed to obtain 
wide angle medians corresponding to azimuthal sectors of 120 
degrees centered at 0 degrees (nose-on incidenci). These 
data include the five pitch and four roll configurations and 
are presented in Table 3.1-1. 

A comparison of the RCS data obtained for the case of 
the five pitch configurations indicates that the L/L polari¬ 
zation RCS is generally 2 dB lower than the V/V polarization 
RCS. This value of CP loss is significantly lower than the 
published values of 6 to 8 dB. 
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Table 3.1-1 WIDE ANGLE MEDIAN VALUES 
OF SCALE MODEL RCS 

PITCH = 0o 

ROLL ANGLE 

0 20 45 90 

w 
RL 
LL 

-15.4 
-19.1 
-17.4 

-16.6 
-17.0 
-22.3 

-21.7 
-22.5 
-22.4 

-18.1 
-22.7 
-24.4 

ROLL = 0o 

PITCH ANGLE 

-45 -20 0 20 45 

VV 
RL 
LL 

-27.9 
-27.6 
-25.9 

-27.4 
-27.8 
-29.0 

-35.4 
-19.1 
-17.4 

-22.1 
-24.5 
-25.7 

-22.8 
-23.0 
-24.1 



3.2 DISCRETE SCATTERER MODEL 

A complex radar target may be described as a large 
number of individual shapes that scatter energy in virtually 
sil directions. Analysis of high-resolution measurements 
have shown that, in the frontal region, the scattering can 
primarily be associated with discontinuities on the target, 
such as the leading edges of inlets. The conventional 
approach to describing the scintillation of radar echoes 
resulting from the phase interference of these individual 
sources of scattering is to assume a random spatial distri¬ 
bution of these scattering points with corresponding random 
amplitude and phases. The resultant probability density 
function, in conjunction with assumed correlation properties 
with time and frequency, provides an extremely useful tech¬ 
nique for describing radar system performance for the case 
in which a wide range of targets may be encountered. This 
approach has been utilized extensively by Swerling (skolnik 
1962). 

The desire to evaluate the performance of sophisticated 
radars, in which use is made of wideband techniques and/or 
specialized functions, has created a need for a more flexible 
model of target scattering characteristics than the simple 
statistical models of Swerling because the Swerling models 
are not descriptive of target dimensions or specific scatter¬ 
ing characteristics. Applications of a target scattering 
model in cases in which the simple statistical models are 
inadequate include the iletermination of (1) target-induced 
angle tracking errors associated with the glint phenomenon, 
(2) the target response to a high-resolution waveform, (3) 
target-induced range tracking fluctuations, and (4) cross 
section fluctuations for the case of a frequency-diverse MTI 
system (Pierson and Clay, 1972). 

A more accurate representation of target scattering 
characteristics can be achieved by modeling the target as a 
number of discrete scatterers whose amplitudes and positions 
have been determined. In the present state of the art, the 
use of the discrete scatterer target model provides the best 
manner of rapidly determining complex target signatures for 
use in a computer simulation. The signature characteristics 
obtained with the use of such a model generally provide the 
accuracy required in simulation. In any event, the use of 
information concerning the position and amplitude of the 
significant sources of target scattering in formulating the 
discrete scatterer target model will enhance the quality of 
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this model in comparison to one in which the p sition and 
amplitude of the scattering sources are assumed to be random. 

Tu particular it was desired to develop a Discreto 
Scatterer Model of the BQM-34A for this contract for the 
purpose of calculating the linear glint. Since phase data 
were not obtained on long pulse measurements of the scale 
model, the linear glint could not be computed from these 
measurements. Therefore, since a discrete scatterer model 
provides both cross section and phase information, models 
were developed for linear and circular polarizations and the 
linear glint was computed from the models for the purpose of 
comparing the effects of target induced tracking errors. 

The following paragraphs contain a description of the 
techniques utilized in the development of a discrete scat¬ 
terer model, the procuedures used to verify the model, and a 
comparison of the results obtained from the models for the 
case of linear and circular polarizations. 

3.2.1 Development of the Discrete 
Scatterer Model 

The discrete scatterer model consists of a number of 
discrete scutterers whose positions and amplitudes are deter¬ 
mined as a function of target orientation. The scattering 
model can be expressed in the following form: 

Vo-(e) = ^ aiie^2^00^9'^ (3.2-1) 

where: ai(6) denotes the amplitude of the ith 
scattering source as a function of 
target rotation angle 

r^cos(0-0¿) denotes the position of the source 
with respect to the target reference 
point (projected onto the target 

rotation plane) 

2 7T 
k * X 

X = wavelength 
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The scattering model can be obtained by using purely 
analytical formulations of target scattering or by using 
measurements data in combination with a knowledge of the 
characteristics of the basic scattering mechanisms. The 
normal approach in computing the signature of a complex tar¬ 
get by analytical techniques involves (1) the derivation of 

a simplified geometrical model of the target and ¢2) the use 
of hign-frequency analytical techniques in determining the 

scattered field from different regions of the target. Very 
good results have been achieved in computing the radar cross 
section of several selected shapes including the cylinder, 
hemisphere, frustrum, and certain combinations of these 
bodies (Pierson, 1970; Ross, 1969). Extending the analyt¬ 
ical techniques for applications in computing the response 
of a complex aircraft target is a difficult task. At the 
present time, state of the art analytical techniques are not 
adequate to accurately handle the scattering from inlet ducts, 
engines and exhausts of aircraft type targets. In addition 
the degree of complexity of analytical scattering formula¬ 
tions is increased and the accuracy is reduced if the target 
surface contains nonmetallic or poorly conducting material. 

Convair Aerospace has developed a technique that utilizes 
wideband measurements data to isolate and determine the indi¬ 
vidual scatterer characteristics. There are essentially two 
steps involved in using measurements data in developing a 
discrete scatterer model. These steps are (1) isolation of 
the position of the significant individual scatterers and 
(2) determination of the directivity pattern and relative 
motion of these scatterers. 

3.2.1.1 Short-Pulse Measurements 

As mentioned in the previous paragraphs it is necessary 
to isolate the individual sources of scattering in the 
development of a discrete scatterer model. It is therefore 
desirable to achieve the highest resolution possible in order 
to isolate, to the highest degree possible, the individual 
scatterers. The technique utilized by Convair Aerospace to 
develop a discrete scatterer model is based upon measurements 
data taken on the Short Pulse Radar Range located at Fort 
Worth. 

Measurements data on the BQM-34A were obtained through 

use of the X-band short-pulse system which has a 3-inch range 
resolution capability. The measurement system used to obtain 
these high-resolution signature data consists of a coherent 
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X-band transmitter, dual transmit/receive antenna system, 
coherent wideband receiver, recording system, target rotator 
system, and environmental shelter (Pierson, et.al., 1970). 
A brief description of the measurement system and measurement 
procedures are contained in the following paragraphs. 

A block diagram of the radar system is shown in Figure 
3.2-1. The subnanosecond width transmitted pulse is generated 
by high-speed modulation of the CW output of a phase-locked 
source and is amplified to one kilowatt by a single high-gain 
pulsed-grid TWT. The received signal is amplified by a low- 
noise, wideband (4-gigahertz bandwidth) TWT and sampled by 
one channel of a high-speed dual-channel sampling scope. The 
dual channel sampling scope provides a sample-and-hold output 
of the signature data and CW reference at the PRF rate. The 
signature channel output is envelope-detected and filtered to 
provide amplitude data. Coherent data is obtained by post¬ 
sampling correlation of the received signal with the sampled 
CW reference output signal. The correlation process is per¬ 
formed on sampled data by the phase comparison circuitry. 

A delayed sample of the transmitted waveform is located 
near the target region in order to provide a reference signal 
for use in calibrating measurements data. When the attenua¬ 
tion in the transmitter output is increased to provide an 
increased dynamic range, the calibration reference signal, 
which is independent of system attenuation, will remain at 
a constant amplitude. The manner in wt u.ch this signal is 
generated is shown in Figure 3.2-1. The transmitted wave¬ 
form is attenuated, delayed, and injected into the receiver 
at the leading edge of the 40-nanosecond-wide range window. 

The amplitude data, two orthogonal channels of phase 
data, and the rotation angle are recorded simultaneously on 
an analog strip chart and on digital magnetic tape. Digital 
data is sampled and recorded at approximately 0.088-nanosecond 
time intervals to ensure accurate reproduction of the fine- 
structure information within a pulse. 

The rotator position is recorded to the nearest 0.1 
degree. The beginning of each range sweep is synchronized 
with a fixed aspect increment of 0.2 degree to ensure that 
repeated measurements will provide data at the same aspect 
angles. 

The air-inflated shelter provides a stable environment 
which facilitates accurate measurement of coherent short-pulse 
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signatures. The relationship of a typical short-pulse signa¬ 
ture measurement to the range geometry is shown in Figure 
3.2-2. The screens indicated in the figure are utilized to 
reduce multipath ground reflections that would appear as time 
sidelobes and to reduce the background by reducing illumina¬ 
tion of the column. These screens are positioned well below 
the main beam in order to ensure a low vertical field gradi¬ 
ent. The measurement system can also be utilized at longer 
ranges outside the air shelter. 

Typical system parameters obtained with the short-pulse 
system are contained in several published reports (Pierson, 
1970; Pierson and Clay, 1972). The value of these parameters 
will vary depending upon the target and system setup. For a 
large target such as the BQM-34A the antenna system consists 
of two 2-foot parabolic dishes with offset feeds. The feeds 
are defocused in order to provide the wide field required for 
the m '.asurement of a large target. Field probes taken during 
measurement of the BQM-34A indicated less than 3-dB variation 
of the field over the target volume. System sensitivity was 
approximately -30 to -35 dBsm for the BQM-34A. 

Through the use of the short-pulse system most of the 
sources of scattering can be isolated in range. Selected 
short-pulse measurements data are shown in Figures 3.2-3 
and 3.2-4 to illustrate the resolution capability of the 
system. Five distinct returns can be observed in Figure 
3.2-3. 

3.2.1.2 Determination of Model Coefficients 

The short-pulse signature of a target is characterized 
by the range resolution of discrete scatterers. The return 
from each of the scatterers will usually exhibit a change in 
phase as the target is rotated. The rate of change of this 
phase with respect to aspect angle constitutes a doppler 
frequency which is proportional to the perpendicular distance 
between the location of the scatterer, projected to the plane 
of target rotation, and the radar line-of-sight. The cross 
range position of the scatterer may be determined by corre¬ 
lating the measured data with the position of a postulated 
scatterer. 

The first step in this correlation process is to postu¬ 
late the individual scatterer positions based on the short- 
pulse measurements data. This can be done since the measure¬ 
ments data are recorded as a function of range for each aspect 
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angle. Therefore, the location in range of each scatterer 

toPthpS^S Cíe project^on on the radar line-of-sight relative 
FWp ï CTÍteí yotation. This is illustrated in 
Figure 3.2-5. The location of the individual scatterers can 
therefore be postulated based upon a knowledge of the target 
once the target center of rotation is known. 8 

Utilizing the postulated position of the scatterers 
one can determine the location of these scatterers in raige 

and phase data can then be extracted at the range position 

determined from the postulated scatterers. This process is 
expressed in the following equation: 

E(0»rnen) " ¿ ai(e)g(r“riCos(9-Öi))8(r-rncos(9-9n)) • 

ej2kricos(9-9i) 
(3.2-2) 

where: S(r-rncos(9-9n)) = 1 if r*rncos(0-en) 

0 otherwise 

ai(9) is the angular amplitude dependence 
of the ith scatterer 

g (or) is the wideband waveform of the 
short-pulse system 

rn»®n ^-8 postulated scatterer position 

The extracted data is then multiplied by the complex conjugate 
o the geometrical phase of the postulated scatterer to form 
a correlation function C(9,rn,9n). 

and 

C(9»rn»9n) = E(9,rn,9n)-e-j2krnco8(0-Ön) 
(3.2-3) 

Equation 3.2-3 can be reduced to the following form: 

c(0,rn»en) = ¿ ai(0)g[(Xn-Xi)cos9+(Yn-Yi)sin9]• 

e-j2k[(Xn-Xi)cos0+(Yn-Yi)sinGj (3 ^ 
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The cross-range position of the scatterers which are approxi¬ 
mately in the same range cell as the desired scatterer can be 
determined by computing the Fourier transform of Equation 

3.2-4 with respect to aspect angle. (This process is analo¬ 
gous to the formation of a synthetic aperture.) 

A9 

T'(y,rn»en) " 2ÄÖ J c(0>rnen)e “^de (3.2-5) 

-AÔ 

where: Y 2ky (y being the cross range dimension) 

The transformed function T' can be utilized to determine the 
ference in cross-range position of the postulated scatterpr 

/oc a:CtUal scatterer- Utilizing a 128 point transform 
(25.6 ot short pulse data) it is possible to achieve a cross 
range resolution of approximately 1.45 inches. It can be seen 
from equations 3.2-4 and 3.2-5 that if the postulated scat¬ 
terer and the actual scatterer positions are the same, the 
scatterer will appear at zero cross-range. Since it is 
desired to completely isolate each scatter, it is necessary 

filter the transformed data T1 in cross range if other 
scatterers are in the same range cell. 

T(r,rn,en) = T'(y,rn,ön) * F(y) (3.2-6) 

The filtered function T may then be inverse transformed to 
obtain the amplitude variation of a single scatterer as a 
function of aspect angle. It is therefore possible to des¬ 
cribe the amplitude variation of a scatterer by use of the 
filtered function T and the scatterer position. 

Perhaps this process may best be described through an 
example. Figure 3.2-6 contains the geometry and plot of the 
short pulse data taken on five spheres. The data were pro¬ 
cessed over a sixteen degree window following the steps out¬ 
lined above. Positions were postulated for each of the 
spheres based on the geometry and measurements data, ampli¬ 
tude and phase data were extracted at the range locations 
determined from the postulated scatterers and the correlation 
function for each scatterer formed. The results of trans¬ 
forming, filtering and inverse transforming the correlation 
function are shown for each of the spheres in Figures 3.2-7 
and 3.2-8. The cross-range filtering was accomplished simply 

35 



36 

À L KÉMUauaiaiaÉiillMaMiMlte 

F
ig

. 
3
.2

-6
 

S
H

O
R

T
-P

U
L

S
E
 

R
E

S
P

O
N

S
E
 

O
F
 

F
IV

E
-S

P
H

E
R

E
 

T
A

R
G

E
T

 



T
H

E
O

R
E

T
IC

A
L

 

uisgp- 

w 
C/3 
S o 
CL, 
CO u 
DÜ 

w 
§ 
S 

Q co 

CO Cl, 
W CO 
Dá ^ 

r>. 
i 

CN 
• 

CO 

00 
•rt 

37 



F
ig

. 
3
.2

-8
 

R
E

S
O

L
V

E
D
 

A
M

P
L

IT
U

D
E
 

F
U

N
C

T
IO

N
 

A
N

D
 

C
R

O
S

S
 

R
A

N
G

E
 

R
E

S
P

O
N

S
E

 
(S

P
H

E
R

E
S
 

3
, 

4
 

A
N

D
 
5
) 



ranee^ositioi^oftí>hzero che ^ta beyond the expected cross- 
anse Position of the scatterer as shown In Figures 3.2-7 and 

Aiirs :pdthèdiï„henL3rofSr:sr.coupUng assumed> 

3*2*1*3 Computation of RCS and Glint 

‘i(9) = f Tj (y)ejx9dÖ 
(3.2-7) 

Equation 3.2-7 can be expressed in 
the following manner: 

terms of a summation in 

ai(9> = PQ Ti(yjl)eiyJlg (3.2-8) 

th^fín^8 Equation.3-2‘8 into Equation 3.2-1 results in 
he following expression for radar cross section. 

= Z ¿ 1.(/.)63¾9 
1¾ jR) 1 1 

ïj2kricos(0-0i) 

or in terms of a discrete Fourier transform 

Vo-(n) 

i=l i=0 
¿ Ti(^)sJ 

2yrin 
j M 321^008(0-0^ 

(3.2-9) 

for n = 0, 1, ... M-l 
(3.2-10) 

Puted"mïvlorhthr°SS Sectlon> the sum O“ ^ has to be com- pucea only tor the non-zero terms. 

The method described above has been found to work well 
for scatterers which do not have a rapidly varying acular 
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amplitude dependence. Wing speculars are examples of scat- 
terers having a rapidly varying amplitude. If processed 
using this technique, these specular returns would be dis¬ 
tributed in cross-range and require a very large number of 
coefficients to describe them. To avoid the necessity of 
storing a large number of coefficients, specular type scat- 
terers were modeled using analytical techniques. Wing 

speculars for example were modeled using sinc(X) functions. 
The expression given for the radar cross section in Equation 
3.2-10 would therefore have to be modified to include these 
analytical expressions in regions where specular-type scat- 
terers are present. 

The li c. . glint may be computed by either one of two 
methods: (iy by use of the balance point equation or (2) by 
use of the phase derivative process. The glint may be com¬ 
puted using the following balance point equation (Peters and 
Weimer, 1963). 

(3.2-11) G(6) - Re 

The use of this equation, however, Implies that the target 
can be assumed to be represented by a number of point scat¬ 
ter er s. in deriving the Discrete Scatterer Model it was at 
times necessary to include scattering complexes (more than 
one scatterer) therefore making the use of Equation 3.2-11 
questionable. Since the output of the Discrete Scatterer 
Model w(Q) is a complex number, the phase of the return 
can be computed by taking the arctangent of the two compo¬ 
nents. The linear glint may therefore be found from the rate 
of change of phase with respect to rotation angle using the 
following relation. 

1__ d0 
G(9) = 2k d6 (3.2-12) 

where: 
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3.2.2 Verification of the Discrete 
Scatterer Model 

The Discrete Scatterer Model was vpi-ífíoa k j 
the RCS computed with the use of thí con,Parin8 

RCS1UM¿t ThÍS CrParl30n includes che basi<= s truc tures6«/the 
the SMU anguUr'sTctorsVe °f ^e 

A visual comparison of the analog olots of th* 

phenomena which are observan in e^i ^ j ,in Scattering 
are not observed in thf ï ^/elected short-pulse data 

Additional investigation of8¡he ^ measuretnen“ results, 
indicated thit í-h«8? Í th C mea8urevents results 
rar-hai "iL the lon8-Pulse measurements data within 
certain angular secto?*s werp Q. , * cmn 

variations in the initial tarapí ^SenSÍtÍVe t0 stna11 
It was observed that a verv «8 . po®ltion on the rotator. 

get position could result in signifient ^ Che i?itial “r- 
measured RCS. ^ c nt changes in the 

A technique was proposed in order that the ura r,k»-o4 a 
using the Discrete «¡rat-ho»-«,. >ur a i ,, c cne RCS obtained wj-atrece scatterer Model could be comnarpH rri-u 

techniqnrnvolventheUcomputation*1ofmthe^l^S ^ 

3.2-9. us crated in the block diagram of Figure 

amplitude3(using"the cohered h" l" the f°™ of a complex 
the carrier frnuencv h»fh2 Ph<*Se d2Ca) versus «here 
data usinée Fourierytransform By Pr°oessing the 

obtained bv dividínv’th97^ ’ Carget ««Ponse can be 

th: r^-of^UbralE8^ 

desired system waveform Ld f freqrnCy sPectrum °f the 
in the frequency or tima refPonse obtained 

not applicable if the bandwidth*of^he^es^rf6 °bviously is 
form exceeds that of the measurement system SyStem ^ 
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For tha case of a single frequency response at the 
carrier frequency of the short-pulse system, the long-pulse 
RCS is computed by summing the in-phase and quadrature sig¬ 
nals obtained at each range sample within the target region 

RrQ8’ íhe £aS® °î the the equivalent long-pulse 
ïOU}Lbe °^ained hy summing the phase data from sample 

120 to 480, a distance of approximately 15 feet. These sums 
are then calibrated using the summed response of a referenced 
target, it is expected that these data would be somewhat 
noise sensitive due to the large bandwidth of the measurement 
system; however, the general trends and average value of the 
cross section should be accurate. 

Selected RCS data computed with the use of the Discrete 
Scatterer Model are compared with both the long-pulse measure¬ 
ments results and the long-pulse RCS computed directly from 
short-pulse measurements data. The data are plotted in 
Figures 3.2-10 through 3.2-13 in the form of RCS versus angle 
and cumulative distributions within a given angular sector 

All of the results are in reasonably good agreement; 
however, the RCS computed using the model and that computed 
from the short-pulse data gene-ally compare more favorably 
with each other than with the measured long pulse data. This 
eature is attributed to the sensitivity of the measured RCS 
o slight deviations in the initial positioning of the target. 

3.2.3 Comparison of RCS and Glint 

The RCS and glint were computed within selected angular 
ínn!uUSln? ?jscrete scatterer model and Equations 

3.2-10 through 3.2-12. Selected results are presented in 
Figures 3.2-14 througn 3.2-17. These results are typical of 
those obtained in several other small angular sectors. The 
RCS shown in Figure 3.2-14 is representative of the signature 
of a small number of dominant scatterers whose relative phase 
is slowly varying, whereas the RCS shown in Figure 3.2-16 is 
representative of a larger number of scatterers whose rela- 
tive phase varies rapidly. The V/V and R/L signatures shown 
n Figure 3.2-16 also contain an analytical representation 

of the specular return from the leading edge of the wing at 
aspects near -45°. 6 

The different characteristics of the target RCS in the 
two angular sectors are indicated in the target glint within 
those sectors. The slowly varying RCS returns within the 
angular sector from -15 to 0° correspond to the small, slowly 
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varying glint spikes shown in Figure 3.2-15. The glint 
within the angular sector from -45° to -15° is oscillating 
rapidly, and contains spikes which are more than twice the 
target length. 

The RCS and glint obtained using circular and linear 
polarization are similar in structure when compared within 
the angular sectors shown in Figures 3.2-14 through 3 2-17 

In f?® 5fgj°n fbouí the nose (-15° to 0°), the RCS is'gen-' 
erally higher in L/L polarization than in V/V or R/L polari¬ 
zation and the largest glint spike is approximately three 

*In the an8ular region centered about an azimuth angle 
°f degrees, the average RCS is largest in V/V polarization. 
Within this region, the largest glint spike is also in V/V 

polarization, but the difference in the standard deviation 
of the glint is less than one foot varying from a maximum of 

5.3 feet in V/V polarization to 4.37 feet in L/L polarization. 
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SECTION 4 

PROCESSING AND 

COMPARISON OF ACTUAL 

VEHICLE MEASUREMENTS DATA 

In addition to the measurements data available from the 
discrete scatterer modeling effort, the contractor was sup¬ 
plied, by the project monitor, with additional data obtained 
for the case of an actual BQM-34A drone vehicle. These data 
were measured at the Radar Target Scatter Site (RATSCAT) and 
include cross section, phase and linear glint for the case 
of the three principal polarizations. The data were supplied 
on magnetic tapes and was recorded at increments of 0.01 
degrees. The original intent in supplying the contractor 
with these data was to provide additional results with which 
to compare the glint data computed using a discrete scatterer 
model. However, upon an examination of the RCS data, differ¬ 
ences in the scale model measurements and the actual vehicle 

measurements were apparent. 

These differences in the radar cross section are post¬ 
ulated to be basically due to perturbations and discontinu¬ 
ities in the target surface. Whereas the scale model is 
representative of a drone which has not been flown, some of 
the surfaces of the actual vehicle were not smooth at the 
junctions. In addition to discontinuities in the vehicle 
surface at some of the junctions, some of the surfaces con¬ 
tained small indentations and small, fluctuating changes in 
curvature. Selected sectors of the actual vehicle measure¬ 
ments data were processed in order to determine the circular 
polarization loss and the relationship between the linear 
and circular polarization glint data. 

4.1 COMPUTATION OF CIRCULAR POLARIZATION 

RESULTS 

The measurements of the actual BQM-34A radar signature 
included the three principal linear polarizations. Although 
circular polarization measurements were not made, the mono¬ 
static circular polarization signatures can be computed from 
the measured linear polarization data using the polarization 
scattering matrix (Ruck, et. al., 1970). Since the target 
is essentially a perfect conductor for purposes of radar_ 
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measurements, and the measurements were essentially mono¬ 
static measurements, i.e., the bistatic angle was very small; 
the approximation was made that the V/H signature is equal 

to the H/V signature, where the first literal denotes the 
transmitter polarization and the second literal denotes the 
receiver polarization. This is the only approximation re¬ 
quired to compute the circular polarization signatures pro¬ 
vided the radar to target phase did not change as the 
antenna polarization was varied. 

The form of the equations used in computing the cir¬ 
cular polarization signatures is the following: 

e^^RR = 0.5 * (Shh“^W^ + ^VH (^-1) 

'/r®RL ej0RL “ 0,5 * ^SHH+SW^ 

V^lL e^LL = °*5 * ^SHH“SW^ + e ^ SVH 

where o- is the radar cross section 

and 

0 is the associated phase 

SHH = 6 HH 

ej0W 
5W 

’VH 

W 

y-VH e^^ 

This form of the circular polarization signatures can be 
utilized to illustrate the use of R/R or L/L circular polar¬ 
izations in all-weather radar systems in order to reduce the 

effects of rain clutter. 

In the case of backscatter from rain, each raindrop can 
be considered to be a small dielectric sphere and is thus 

polarization insensitive, i.e., 
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(4-2) 

eJ^VH « 0 

thus 

/¾= 0 or = ° 

^However^11he ^ ^ 
pie* target such as an aircraft’is polarKatiTsfLuLr’ 

zerf1crosJV • ''"Z a"d ChUS WiU be characteri2ed by a non- 

ZI ïr^ld ror utiïïarneZ:îr0n,baCkSf The 
the target to rain clutter raHU ^ polarization to enhance 
be the ratio <r / “°ls normally considered to 

circ linear* ratl° is defined as the 
circular polarization loss. 

center of^rld'rtarg'etlo^oï^î1“ TT“ Phaaa 
ing problem has been described (Brockner 19¡U T" CraCk' 

have been derived for thp r^oo Z? .8 * GUnt e<luations 

1963) t"andSver if le^experimen tally C (p^erson amination of additional Rpq »«a rson* An ex- 

ulated dhfcïr therefo«. ^ cln be post- 

Chan the linear poïarizItïÔ^gîin“0" WlU be 8maUer 

4.2 
0F FROM MEASURED 

4.2.1 Direct Computation 

equations where th^target0^^^11^ r^”8 bala"Ce point 
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1963) or fis the deriv&tive of the terget phase with respect 
to rotation angle (Ross and Bechtel, 1968). For the case 
of experimental determination of target glint, the radar 
system can be utilized to measure the received phase and 
the glint can be obtained by using the differentiation pro¬ 
cess or the glint can be measured using two receiving 
antennas. 

Since measured circular polarization glint data was not 
available, the circular polarization glint was determined 
from the circular polarization signatures computed using the 
scattering matrix. The equation used in determining the 
circular polarization glint is the following: 

P 1 A0 
G = 5k (4-3) 

where G is the linear glint 

k is the wave number (2n/\) 

A0 is the angular difference between adjacent 
sample points (.01 degrees) 

A0 is the difference in the phase between 
adjacent sample points 

Selected results of glint computed from measured phase 
data are presented in Figures 4.1-1 to 4.1-3. Glint spikes 
which are approximately four times the target length are ob¬ 
served. The data shown in the figures are somewhat noise 
sensitive due to the differentiation process and the extreme¬ 
ly small angular increments. However, the measured amplitude 
and phase data can be processed to reduce the phase noise. 

4.2.2 Data Processing (Filtering) 

The glint data computed from the measured phase data 
are rather noisy due to the extremely high angular sampling 
rate and the sensitivity of the differentiation process to 
high frequency noise. The glint determined using the small¬ 
est angular increment (0.01 degrees) and a phase difference 
of one degree, is approximately 1.4 feet. Thus, a small 
phase error will result in a rather significant glint error. 
However, since the angular sampling rate is quite high, the 
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amplitude and phase data can be processed to reduce the phase 
noise with little or no degradation in the resulting glint 
computation. 

The data processing in order to reduce the phase noise 
involves removal of the high frequency components of the 
measured data. This process is easily implemented by trans¬ 
forming the data from an angle space to a cross-range or 
aperture space using the Fast Fourier Transform, filtering 
the result, and performing an inverse transform. The ini¬ 
tial transformation is similar to synthetic aperture imaging 
and results in a measure of the cross-range position of the 
localized sources of the target scattered field. Although 
the energy from a specular return, such as the signal from 
the leading edge of the wing at an aspect of normal incidence 
to the wing will be distributed in cross-range, the amplitude 
of these returns should be insignificant at a position in 
cross-range which is more than twice the length of the target. 
The filtering is implemented by setting to zero all compo¬ 
nents of the transformed data which appear at a cross-range 
position which is approximately twice the entire target 
length. The filtered data are thon inversed transformed in 

order to obtain the amplitude and phase data with the high 

frequency components removed. 

The steps in the filtering process are illustrated 

mathematically in the following: 

1. Transform Data to Cross-Range Space 

(4-4) 

where y is the cross range position 

20 is the width of the angular data sector s 

0C is the center angle of the sector 

2. Filter the data 

F(y) = T(y) for | y| < yf (4-5) 
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F (y) =0 for | y | 

! yf is chosen to be approximately twice the 
target length 

3. Inverse transform to obtain the smoothed amplitude 
and phase data 

(4-6) 

The process was actually implemented using the FFT algo¬ 
rithm and an angular sector of 512 data points corresponding 
to 5.12 degrees. The transformed data then corresponded to 
a cross-range span of approximately 256 feet on either side 
of the center of rotation of the target. These data which 
exceeded a span of 50 feet (50 data samples) on either side 
of the zero cross-range position were set to zero. The re¬ 
maining data were transformed using the inverse FFT algorithm. 
Because the two transformation process results in a periodic 
function, the first 6 and last 6 sample points were not in¬ 
cluded in the computation of the glint from the filtered 
phase data. 

Selected glint data determined from the filtered ampli¬ 
tude and phase data are presented in Figures 4.2-4 through 
4.2-6. Also included in the figures are plots of the ampli¬ 
tude of the transformed data in the cross-range or aperture 
space. The relative amplitude of these data is plotted on a 
linear scale, and the data which are set to zero are indicat¬ 
ed. The resulting glint data can be compared to the data 

presented in Figures 4.2-1 through 4.2-3 where the glint was 
computed directly from the measured phase data. The basic 
shapes of the two sets of data are in good agreement, and 
the glint computed from the filtered phase data appears to 
be a smoothed version of the glint computed directly from 
the measured phase data. 

4.2.3 Comparison With Measured 
Glint Data 

Although measured glint data were not available for the 
case of circular polarization, glint measurements were avail¬ 
able for the case of the three principle linear polarizations. 
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Selected portions of these measurements data were compared 
to glint data computed both from the measured phase data and 
from the processed (filtered) phase data. 

The measured glint data were obtained using two antennas, 
separated in space, to receive the target scattered field. 
The received signals are then processed to obtain a relative 
phase. The difference of the two phase signals can be cali¬ 
brated in terms of the linear glint (Mensa, 1971). Since the 
maximum unambiguous phase difference is 180 degrees, the 
measured glint is limited to a value which corresponds to 
this phase difference. For the case of the BQM-34A glint 
measurements, the maximum glint value corresponded to 60 
feet on either side of the center of rotation. This limit 
exceeds the maximum target displacement from the center of 
rotation by a factor of approximately five. However, due 
to the extremely high angular sampling rate, glint spikes 
are occasionally observed which exceed this value and are 
folded into the cross-range position on the opposite side of 
the target. 

The measured data corresponding to the same angular 
sectors within which the glint was computed from the phase 
data are presented in Figures 4.2-7 through 4.2-9. The 

magnitude of the glint spike exceeded the range of the meas¬ 
urement system configuration in only one angular region at 
approximately 56 degrees. 

The basic structure of the measured glint is in good 
agreement with either the glint computed from the measured 
phase or the glint computed from the processed phase data. 
However, due to the large number of small fluctuations in 
the glint computed directly from the measured phase data, 
the glint computed from the processed amplitude and phase 
data appears to be in better agreement with the measured 
glint. _ 

The mean value and standard deviation of the glint data 
obtained within selected angular sectors were determined in 
order to compare numerically the three types of results. 
These data are presented in Table 4.2-1. It was expected 
that the mean values would be in generally good agreement 
in all cases and that the standard deviation of the glint 
computed directly from the phase data would be slightly 
higher than the values obtained using the other two methods. 
Although these expectations were correct in several cases, 
in particular, the selected VV polarization data; conclusive 
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results were not obtained. Perhaps the expected results 
would be achieved If a larger sampling of data were utilized 
and precautions were made to exclude from comparison all 
sectors In which the glint spikes exceeded the range of the 
measurement system configuration. 

4.3 COMPARISON OF LINEAR AND CIRCULAR 
POLARIZATION RESULTS 

The measured RCS and computed glint of the linear polar¬ 
ization data obtained for the case of the full scale vehicle 
are compared to the RCS and glint computed for the case of 
three circular polarizations. The glint data are obtained 
using (1) the data processing technique described in sub¬ 
section 4.2.2 in order to reduce the phase noise and (2) 
the difference between two adjacent phase samples of the 
filtered data. Selected results are presented in Figures 
4.3-1 through 4.3-5. 

The lobing structure of typical RCS data can be compared 
for the case of three linear and three circular polarizations 
in Figure 4.3-1 and Figure 4.3-4 and the corresponding glint 
data can be compared in Figure 4.3-2 and Figure 4.3-5. The 
RCS data contain deep nulls for the case of all polarizations 
and the angular sector from 55 to 50 degrees; thus, the 
presence of rather large glint spikes could be predicted. 
Some of these glint spikes are greater than four times the 
largest physical target dimension. 

The cumulative distributions of the RCS and glint data 
obtained from a unifonn distribution of aspect angles with¬ 
in the angular region from 55 to 50 degrees are presented 
in Figure 4.3-3. For the case of this angular sector, the 
median values of the R/R and L/L polarization RCS ate larger 
than the median of the H/H polarization RCS. The glint 
data are plotted to a scale which provides an indication of 
the magnitude of the tails of the probability distribution. 

For the case of all polarizations, these tails are pronounced. 

The data shown in Figure 4.3-4 and Figure 4.3-5 were 
obtained within the angular region from 35 to 30 degrees. 
The structure of the RCS data contains fewer nulls and their 
depths are generally smaller than those shown in Figure 
4.3-1; therefore, the glint spikes shown in Figure 4.3-5 
are generally smaller than those shown in the preceding 
sector. 
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Fig. 4.3-1 RCS OF BQM-34A DRONE (55 to 50 Degrees) 
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Fig. 4.3-3 CUMULATIVE DISTRIBUTION OF BQM-34A RCS 
AND GLINT (55 to 50 Degrees) 
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Fig. 4.3-4 RCS OF BQM-34A DRONE (35 to 30 Degrees) 
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Fig. 4.3-5 GLINT OF BQM-34A DRONE (35 to 30 Degrees) 
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In examining the magnitude of the glint spikes and the 
standard deviation of the glint data obtained within small 
angular sectors, no conclusion could be drawn concerning 
the effects of polarization upon the magnitude of the glint 
data. It could be concluded that the magnitude of the glint 
spikes was highly dependent upon polarization as well as 

aspect angle. Results obtained for the case of 5 degree 
angular sectors each containing 500 data points are present¬ 
ed in Table 4.3-1 and Table 4.3-2. 

Although the angular coverage of the data examined is 
limited to a region within 60 degrees of the nose and the 
horizontal plane of the target, two observations can be 
made concerning the polarization characteristics of the RCS 
and glint data. These observations involve the circular 
polarization loss and the effect of polarization on the mag¬ 
nitude of the glint data obtained from a complex target. 

The circular polarization loss measured by the difference 
in the average value of the circular and linear polarized 
RCS is approximately 1 to 2 dB and varies from a loss to a 
gain depending upon the angular sector and the particular 
circular and linear polarization used in the comparison. 

No significant trend was observed in comparing the 
polarization characteristics of the standard deviation of 
the glint data. Although the standard deviation of the 
glint was somewhat smaller for the case of linear polariza¬ 
tion as compared to circular polarization, the differences 
in the average values of all the sectors are small and no 
trend was found to be consistent in the majority of the 

small angular sectors. 

Although the results presented in Figures 4.3-1 through 
4.3-5 and in Tables 4.3-1 and 4.3-2 are representative of 
circular polarization data obtained using the technique des¬ 
cribed in Section 4.1, the numerical results should be con¬ 
sidered preliminary since it was determined, immediately 
prior to publication, that the relative phase measurements 
among the V/V, H/H, and V/H data were not recorded. Addi¬ 
tional effort is required in order to verify that the rela¬ 
tive phase is zero or to determine the constant phase cor¬ 
rection terms required. 
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AND 

SECTION 5 

CONCLUS IONS 

RECOMMENDATIONS 

A large volume of measured signature data of the BQM-34A 
drone was processed and analyzed to determine the polariza¬ 
tion dependence of the radar cross section and glint. Anal¬ 
yses of short-pulse and long-pulse measurements data and the 
data computed using the discrete scatterer model have resulted 
in the following observations and conclusions: 

1. The results are highly dependent upon the angular 
sector or region of azimuth angles. By careful 
selection of an angular sector, the circular polar¬ 
ization loss can be made to vary from 17 dB to -6 
dB. 

2. In general, the CP loss is not as large as the often 
quoted figure of 6 dB and ranges from approximately 
0 to 3 dB. For the case of the BQM-34A, the typical 
CP loss is 2 dB. 

3. Although the position, magnitude, and number of the 
spikes of the BQM-34A glint signature are highly 
dependent upon polarization as well as azimuth, no 
significant differences were observed in the glint 
characteristics of the linear and circular polarized 
target signatures. 

The BQM-34A is a single-inlet vehicle which is used 
extensively in radar system testing. However, within some 
angular regions, the scale-model vehicle cross section is 
extremely low and consists of the composite returns from a 
small number of discontinuities in the target surface. Since 
the characteristics of the inlet structure and vehicle shape 
of the BQM-34A are very different from those of a fighter air¬ 
craft, it is recommended that additional effort be directed 
toward the analysis of the polarization characteristics of a 
more complex aircraft target. 

In comparing the cross section measurements data of the 
scale model and the actual vehicle, it was discovered that 
the scale model RCS reached extremely low levels within a 
large angular region. These extremely low-level returns were 

— 
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not observed in the measurements data of the actual vehicle. 
It has been postulated that these differences are due to 
perturbations and discontinuities in the surface of the 
actual target vehicle. It is recommended that the scale- 
model BQM-34A be modified and selected additional measure¬ 
ments be made in order to verify this postulate. 
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APPENDIX A 

LONG-PULSE MEASUREMENTS 

DATA 

Long-pulse measurements of the 0.55 scale model BQM-34A dront 
were made during the Discrete Scatterer Target Modeling pro¬ 
gram for the Missile Systems Division of the Raytheon Company. 
Presented in this appendix are the raw measurements data 
obtained at X-band for the cases of V/V, L/L, R/L (transmit/ 
receive) polarizations. Included is a brief description of 
the measurements system utilized in obtaining these data. 

A.1 MEASUREMENTS SYSTEM 
DESCRIPTION 

The X-band long-pulse measurement system is a pulsed 
system which is range-gated at the range of interest. This 
system provides the capability of recording amplitude and 
phase data over a 50-dB dynamic range. 

The transmitter consists of a coherent source which 
contains two stages of traveling wave tube amplification. 
The unique receiving system accurately measures both the 
amplitude and the phase of the returned signal. A range¬ 
gated receiver gates the 60-megahertz IF amplifier in order 
to pass only the target echo. The IF amplifier is again 
gated at a time when no ta-get is present, and a GO-megahertz 
pulsed coherent signal is injected through a linear variable 
attenuator and a variable phase shifter. The receiver pro¬ 
cessing circuitry is used to compare the amplitude and the 
phase of the target signal with the amplitude and the phase 
of the injected signal. If differences exist, servos drive 
the variable attenuator and variable phase shifter to force 
a correspondence in both the amplitude (tr) and the phase (0) 
of the two signals. The amplitude linearity of the system 
is 0.5 dB and its phase linearity is 2 degrees. 

Frequency is controlled by locking the master oscillator 
and local oscillator to a frequency synthesizer to provide a 
short-term frequency stability of one part in 109. Frequency, 
transmitter power, and pulse shape are monitored during mea¬ 
surements. 

I 
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A.2 MEASUREMENT TECHNIQUES 

The long-pulse measurements acquired during this program 
were obtained in conjunction with a ground plane radar scat¬ 
tering facility with an 1800-foot measurement range. The 
ground plane technique is based upon the utilization of both 
the direct and the indirect (or ground reflected) waves to 
illuminate the target being measured. A previous investiga¬ 
tion of the use of a ground plane range in mar.ing scattering 
matrix measurements (Ross and Freeny, 1964) culimated in a 
detailed explanation of the salient features of the ground 
plane concept, including the advantages and disadvantages of 
the technique. 

Amplitude calibration of the measured cross section data 
for the case of linear and similar sense circular polariza¬ 
tions was accomplished by the use of a precision sphere as a 
primary standard and a corner reflector which was located 
outside of the target range gate as a secondary standard. 
Calibration of cross circular polarization was based on the 
use of a dihedral corner reflector as a primary reference. 
The radar system was initially calibrated by placing the 
reference sphere or dihedral corner of known cross section 
on the target rotator and measuring the received power. The 
range gate was then moved to the vicinity of the secondary 
reference corner reflector and the signal from the corner 
was measured; its cross section was then calibrated in terms 
of the cross section of the primary reference. The secondary 
reference was subsequently measured before and after the 
measurement of each target so that system changes would be 
detected and corrected before the target was removed from the 
rotator. 

A. 3 MEASUREMENTS DATA 

The following pages contain the analog plots of the 
cross section measurements data. These data correspond to 
a scale model BQM-34A drone and must be increased by a con¬ 
stant value in order to obtain equivalent results for the 
case of the actual vehicle. These data were obtained during 
continuous rotation of the target which was mounted with 
fixed pitch and roll angles. Table A-l contains the matrix 
of target configurations. The pitch, roll, and rotations 
conventions are shown in Figure A-l and the data are shown 
in Figures A-2 through A-34. All angles are referenced to 
the nose of th*2 model. Distal data were recorded every 0.1 
degree of azimuth rotation and are available in card-image 
format on 7-track magnetic tape. 
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Table A-l LONG PULSE MEASUREMENT MATRIX 

i'V/V, L/L, R/L POLARIZATIONS) 
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RLOS 

POSITIVE ROTATION ANGLE 

Fig. A-l TARGET ORIENTATION CONVENTIONS 
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Each of the analog cross section plots contains a head* 
ing at the top of the figure that identifies the measurement 
frequency, polarization, run romber, target configuration, 
and target orientation. The return from the calibrated 
secondary reference is also shown as a horizontal line on 
each plot. The cross section values as determined from this 
reference are also shown on the vertical scale. 
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