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ABSTRACT

The results of a comprehensive investigation of the
principles of long- and short-pulse radar scattering are
presented. Analytical expressions are derived for use in
computing the radar cross section and scattering phase of a
variety of generic and composite shapes. Measurements
obtained by use of a coherent radar are utilized to validate
these expressions. Procedures necessary for obtaining high-
quality, coherent, long- and short-pulse scattering matrix
measurements are presented along with the derivation of a
method of processing phase data in order to determine, as
a function of aspect angle, the absolute position of the
target phase center in space. Consideration is given to
the results of an extensive investigation of the use of
linear superposition as a means of computing the scattering
matrix of a vehicle which is composed of a number of generic
surfaces. The salient points of an investigation of the
use of radar signatures in four computerized inverse
scattering techniques are included. These techniques are
based on the use of (1) cross section and phase, (2) polariza-

tion, (3) phase, and (4) short-pulse signatures.
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EVALUATION

The objectives of contract F30602-67-C-0074 were to establish and apply
the mechanics of radar scattering from complex objects in terms of actual
measurement data and the resulting empirically derived mathematical relation-
ships. Scattering matrix data was obtained for 54 different model configurations.
A number of different conditions of frequency and bistatic angle were used to
obtain 72 complete sets of scattering matrix data.

Geometric diffraction theory was used to predict radar scattering cones,
frustra, cylinders, hemispheres and combinations of these generic surfaces.
Comparisons of thsory and measurement were generally very good. However the
form of geometrical diffraction theory used was only valid at and near nose-
on and tail-on axial aspects. Additional effort is needed to improve predic-
tion techniques for the cone at other aspects. Moderate success was obtained

in using linear superposition of radar range signature data to construct radar

signatures of composite targets.

“JomN C. fi.EARY 3

Contract Engineer




SECTION 1

INTRODUCTION AND SUMMARY

1.1 Introduction
This document is Volume I of a set of four volumes
(References 1, 2, 3) which comprise the Technical Documentary
Report on the Investigation of Scattering Principles, Contract
F30(602)-67-C-0074. This investigation was performed during
1967 and 1968 by the Fort Worth division of General Dynamics
under contract to Rome Air Development Center. The overall
investigation was divided into the following elements:
1. An experimental investigation of the scattering
matrices of a broad spectrum of target configura-
’ tions and frequencies
2. An analytical investigation of the use of the
geometrical theory of diffraction (GDT) to compute
the monochromatic scattering matrix of selected
targets
3. An investigation of the applicability (and limita-
tions) of using linear superposition of target

signature data to construct radar signatures of

composite targets
4. An investigation of the possibility of synthesizing

the signatures of complex targets by the use of




targets exhibiting various degrees of physical
similitude to the target of interest

5. An investigation of the use of long- and short-

pulse radar signatures in inverse scattering analyses
as a means of estimating target physical character-
istics.

Comprehensive coverage of the spectrum of scettering
mechanisms and geometries was needed to fulfill the require-
ments for the various investigations conducted under this
contract. Consequently, the scope of the measurement program
was quite large, and a wide range of different surface and
body configurations had to be constructed and measured. In
fact, the scope of these measurements was so extensive that
the resulting data may represent a significant contribution
in the field of radar signature measurements. For this
reason, the results of the long-pulse measurement program
are being published in a separate volume (Volume II).

Volume II contains measured scattering matrix data
obtained by the use of 54 different model configurations.

A number of different conditions of frequency and bistatic
angle were used in order to obtain 72 complete sets of
scattering matrix data in which the scattering matrix was

recorded for a full 360 degrees of target aspect in steps

of 0.1 degree. 1In order to obtain the scattering matrix,

2
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it was necessary to obtain cross section and phase measure-
ments under at least two polarization conditions; three
polarizations were required in the case of asymmetrical
targets. Consequently, the measurement program involved the
accomplishment of 154 measurement runs in which targets were
used. A total of well over 300 measurements were required
for the measurement runs necessary (1) to calibrate the
system, (2) to ascertain the field gradients across the
target volume, (3) to ascertain and reduce the background
levels, and (4) to establish an absolute phase reference
for each target.

Short-pulse measurements were utilized in two areas of
this investigation. The C-band short-pulse signatures of a
sphere-tipped cone were used in connection with the
analytical investigation of the scattering from a cone.
These data are contained in Volume III of this report.
Both C- and X-band data were obtained from a short-pulse
measurement program conducted by the Fort Worth division
under Cor.tract AF30(602)-67-C-0185 with Rome Air Development
Center. The cooperation of Mr. Dan Tauroney of Rome Air
Development Center is gratefully acknowledged with regard
to the use of these data which were used to provide for the

initial checkout of the short-pulse equivalence class

technique.




An analytical investigation conducted by Cornell
Aeronautical Laboratory under subcontract to the Fort Worth
Division of General Dynamics is presented in Volume III. The
objectives of this investigation were the derivation of
analytical techniques for predicting the radar cross section
and scattering phase of a set of surface configurations,
including cones, frusta, cylinders, hemispheres, and
combinations of these generic surfaces. The derivation of
these formulae, the predictlions cbtained by their use, and
a detailed comparison of these predictions with the measure-
ments obtained by use of physical models are contained in
Volume III.

The results of the synthesis investigation and the
inverse scattering investigation are contained in Volume IV
of this report. Volume IV has been assigned a SECRET
classification by virtue of (1) the potential military
applications of the inverse scattering techniques contained
therein and (2) the use of models which represent, to
varying degrees of synthesis, targets that are presently
of military interest.

1.2 Summary

The overall objective of the scattering principles

investigation was an attempt to advance the state of know-

ledge of scattering phenomena, particularly from the viewpoint
4



of practical utilization of radar scattering information.
The investigation comprised five basic tasks:

1. Experimental Investigation

2., Analytical Investigation

3. Superposition Investigation

4, Synthesis Investigation

5. 1Inverse Scattering Investigation.
The results obtained from each of these tasks are published :
in a Technical Documentary Report comprised of four volumes.
This volume, Volume I, contains a summary of each task as
well as detailed documentation on the experimental and
superposition investigations. Volume III contains the
results of the analytical investigation conducted by CAL
under subcontract to the Fort Worth division of General
Dynamics. An extensive set of analytical expressions for
computing the scattering matrices of a set of rotationally
symmetric surfaces were derived in this .ffort.

Volume II contains the results of the experimental
investigation. 1In this effort, the scattering matrices of
| 66 separate vehicles were measured by use of coherent radars

on the Radar Range at the Fort Worth Division. These measure-

ments included the measurement of the position, in space, of L
the absolute phase center of each measurement vehicle. The

66 vehicles included a set of 12 generic surfaces (cones,

5




frusta, and cylinders) and composite vehicles obtained by
interconnecting these surfaces. Section 2 of this document
contains a complete description of this investigation,
although the bulk of measurement data is contained in
Volume II, These measurements provided a broad spectrum
of signature data for use in the other tasks conducted
during this program. These included data for use in
validating the analytical expressions derived by CAL and
for use in the superposition, synthesis, and inverse
scattering investigations.

Section 4 contains the documentation of the analysis
and results of the superposition investigation in which
the feasibility of superimposing vehicle signatures to
produce the signatuvre of a composite body was investigated.
The results of this effort indicate that the superposition
process is highly feasible within certain limitations.
These limitations are related to the confidence level
associated with the use of superposition at aspect angles
where one surface may be directly behind another surface,
such as aspects near the axis of a target and at inter-
mediate aspects in the case of vehicles which exhibit a
large number of scattering centers. Within these constraints,

superposition appears to be a powerful tool for use in




obtaining a quick look at the detailed radar signature of
composite targets.

In the practical use of superposition it should be
noted that scattering matrix signatures must be available
for a set of surfaces from which a large number of vehicles
can be constructed and for a set of radar frequencies of
interest. The number of frequencies utilized by both
operational and developmental radars which are designed
for use against exo-atmospheric and reentry type targets is
actually quite small. Consequently, it appears feasible

to develop a bank of generic signatures at a frequency

utilized by a particular radar of interest. These generic
signatures could then be used, in conjunction with the 3

superposition process, to provide initial signature inform-

ation on any vehicle whose physical characteristics become
available,

The vehicle designer end the weapon system designer

e o it st

alike would derive a great deal of information from the
utilization of such a bank of signatures. The development
of such a bank would be of moderate cost; however, its
maintenance and operation would be insignificant since

(1) any general-purpose computer could be used, (2) signature
data could be stored very efficiently on tape or discs, and

(3) the computer would be available for other uses at all

7
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times when signature data were not being processed. The
real keys to the establishment of such a bank are (1) the
demonstrated capability of obtaining accurate amplitude and
absolute phase measurements on generic surfaces and (2) the
definition of a set of surfaces into which the majority of
the composite vehicles of interest can be decomposed.

Section 5 contains a brief description of an investi-
gation of the feasibility of synthesizing signatures of
one vehicle by use of measurements on a different vehicle
which displays a given degree of similitude to the original
vehicle. A set of computerized techniques for comparing
signatures was developed for use in deriving objective
measures of the similitude of signatures obtained by use
of vehicles. These techniques can be used to synthesize
the physical characteristics of a basic vehicle to varying
degrees. The results of this investigation are reported
in detail in Volume IV. However, in general, the results
obtained with reference to physical synthesis complement
those obtained by use of superposition (e.g., the severest
errors occur near axial aspects and at intermediate angles
where a number of scattering centers combine to produce
the total scattered return).

Section 6 contains the derivation and definition of

a set of three inverse scattering techniques based on the

8




use of (1) polarization, (2) phase, and (3) amplitude and
phase signatures, Each of these techniques provide inform-
ation for use in comparative signature analyses, as well
as in the estimation of the actual physical characteristics
of targets. The results obtained by use of these techniques
to measured signatures for a number of vehicles, including
the synthesis vehicles, are described in Volume IV. The
reader who is interested in SOI will be particularly inter-
ested in some of the remarkable results obtained by use of
these rather simple processing techniques. Moreover,
techniques, such as the Matched Filter Technique, are
shown to produce good results when used with signatures
that represent only a very small variation in target
aspect.

The investigation described in Section 7 is related
to the definition of an equivalence class technique based
on the use of short-pulse signatures. As in the case of
signature synthesis and inverse scattering, the results of
this investigation are described in Volume IV. However,
Section 7 does contain a basic description of the rationale
of the equivalence class technique, as well as a general
discussion of the various discriminants which may be

efficiently extracted from the equivalence classes and the

information which these discriminants display in terms of
)
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vehicle physical characteristics. The application of this
techuique in real time, in conjunction with operational

radars, is described in Volume IV,




SECTION 2

EXPERIMENTAL INVESTIGATION

2.1 General

The objactive set for the experimental investigation
was to provide comprehensive scattering data on a selected
set of scattering surfaces and bodies in order to fulfill
the needs of the varied investigations conducted under this
contract. Consequently, the scope of the measurement program
was quite large, and a wide range of different surface and
body configurations had to be constructed and measured.

Measurements data obtained on this program consists of
long- and short-pulse radar cross section and phase measure-
ments obtained by use of the Radar Range at the Fort Worth
division of General Lynamics. These measurements were
obtained for a variety of conditions of the parameters of the
radar system including pulse width, frequency, polarization,
and bistatic angle. These measurements were such that the
monostatic and/or bistatic scattering matrix was obtained for
each vehicle model at at least one frequency by use of the
long-pulse system. Sub-sections 2.2 and 2.3, respectively,
contain a description of the measurement systems and detailed
descriptions of the specific techniques which were used to

ensure the quality of long- and short-pulse measurements,

11



Paragraph 2.2.5 contains data related to the physical
characteristics of the vehicle mndels which were measured.
Paragraphs 2.2.6 and 2.3.4 contain descriptions of the
methods used to edit the long- and short-pulse data in order
to provide these data in calibrated form on magnetic tapes
for use as library data in a variety of computer programs.

Selected data is shown in this section in order to
demonstrate the various measurement techniques used. How-
ever, due to the scope of the experimental investigation an
effort has been made to present the experimental data to as
large an audience as possible by presenting all of the analog
plots of cross section and phase for the 54 different target
vehicles in a separate volume of this documentary report,
Reference 1.

Paragraph 2.2.5 contains a summary of the long-pulse
measurements obtained under this program. This summary
provides a readily accessible index to the radar parameters
ugsed to obtain each measurement,

2.2 Long Pulse Measurements

The long-pulse radar cross section and phase measure-
ments utilized in this program were obtained through use of
the Radar Range at the Fort Worth facilities of General
Dynamics. A detailed description of this range is contained

in Reference 4, however, a brief description is presented in

the following paragraphs.12
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Figure 2-1 shows an illustration of the Radar Range
configuration during a typical measurement run. The important
components of the measurement system are discussed under
separate paragraphs.

2,2.1 Electronics System

The radar used to obtain long-pulse measurements consists
of a coherent pulsed radar which incorporates a range gate to
provide target environment isolation. A dual antenna system
is used in order to allow bi-static operation, denoted by
B , the bi-gtatic angle. Both amplitude and absolute phase
measurements are obtained with the same system,

The radar trar mitter consists of a coherent oscillator
which drives a pair of traveling wave tubes in series to
A provide approximately one kilowatt of output power. The
receiving system is a typical superheterodyne receiver which
incorporates a variable range gate that is manually controlled

to gate a 60-megahertz IF amplifier on during the time interval

of the range gate. This variable range gate is controlled by
the operator so that the location in space of the scattered
signal can be varied between the target rotation and the

secondary standard in order to calibrate the system.

Within the receiver system, a fixed range gate is utilized
to turn on the receiver at a range at which no target is
present in order to inject a reference signal from the

13
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transmitter. This reference signal is a 60-megahertz pulse
which is injected from a pulsed coherent oscillator through

a linear attenuator and a variable phase shifter. The
difference between the target signal and the injected
reference signal is applied to an amplitude servo and a

phase servo which, if differences exist, are used to drive
the calibrated attenuator and the variable phase shifter to
force the two signals to correspond in both amplitude and
phase. The resulting changes in the attenuator and the phase
shifter are used to drive a pair of analog recorders and are
also encoded to provide a digital output which is recorded

on punch paper tape. During the calibration process, the
outputs of the attenuator and the phase shifter are cali-
brated by use of a target of known cross section and location
to provide radar cross section in decibels above a square
meter (dBsm) and absolute phase.

The recording system records cross section to the
nearest 0.1 dB, phase to the nearest degree (modulo 360
degrees), and aspect angle to the nearest 0.1 degree. The
dynamic range of the cross section measurement system is
50 dB.

2.2.2 Radar Range Setup Procedures

In order to achieve accurate scattering measurements,

a number of detailed setup procedures are necessary. These

include: 15




1. Adjustment of the antenna heights and pointing
directions to obtain maximum sensitivity and a
uniform field amplitude and phase across the volume
of space to be occupied by the target.

2. Adjustment of the target rotator so that the target
rotates in the plane of the radar beam.

3. Utilization of all means possible to reduce the
cross section of the target support, the target
rotator, and other back=-scattering mechanisms which
might be located in the target range gate.

4., Calibration of the radar by use of a primary
standard and calibration of a secondary standard.

The antenna heights are adjusted so that the target is

located in the first lobe of the radar interference pattern.

The relationship

was used to provide an initial height, where
HA = gantenna
HT = target height
A = wavelength
r = radar range

Final adjustment is achieved by maximizing the return from

a calibrated target.




In the subject effort, the uniformity of the field in
the target area was determined by raising a calibration
probe (in this case a corner reflector) through the target
region and recording the signal return as a function of the
heighth of the probe. If necessary, the radar range was
then increased so that the amplitude gradient across the
target volume was less than 0.5 dB/foot.

The tilt angle of the target rotator was adjusted so
that the target would rotate in the plane of the radar beam,
which generally is not parallel to the ground &3 a result of
the ground plane action. This procedure was accomplished
by adjusting the target rotator so that the radar cross
section of each side of a flat plate was identical.

In order to determine the radar cross section and phase
of a target accurately, the return from the rotator and other
background objects must be minimized. Reduction in the cross

section of the column was accomplished by physically changing

the column size and making small adjustments in frequency. The

combined effects of these two actions were used to time the
column so that the reflections from the front and back of

the column tended to cancel. In some cases, it was necessary
to tilt the column away from the perpendicular in order to
reduce the background level over a large angular region. Use

of this tilting process essentially positioned the column so

17




that the radar illuminated a null in the column's back-

scatter pattern; however, this result could nat be achieved

at all aspect angles. In such cases, the column was positioned
so that the high value of background coincided with a high
value of target cross section in order to introduce as
insignificant an error as possible.

The background levels achieved during the measurements
presented in this report averaged less than -40 dBsm, well
below the value of cross section for a typical target.

In order to accurately measure the target scattering
matrix, the antenna system must be capable of rejecting
energy produced by undesirable polarizations. Such
capability is usually expressed in terms of the dB rejection
obtained when an antenna is required to receive a signal
whose polarization is orthogonal to that of the antenna.

The total field received by a vertically polarized antenna
can be expressed as the phasor sum of a vertically polarized
signal, E&, and a horizontally polarized signal, E , as

H
expressed in the following relationship.

= = o T
E EV + VHEH

4 represents the rejection of the antenna to
horizontally polarized signals. The rejection achieved with

the radar vsed to obtain the subject measurements was measured

by use of a spherical target to be approximately 29.0 dB.

18




Amplitude calibration of the measured cross section was
achieved by using a precision sphere for a primary standard
and a corner reflector which was located outside of the target
range gate for a secondary standard. The radar system was
initially calibrated by placing a sphere of known cross
section on the support column and measuring its cross section.
The range gate was then moved to the vicinity of the corner
reflector and its cross section was calibrated in terms of the
cross section of the sphere. The secondary standard was
subsequently measured before and after each measurement run
so that system changes would be detected and corrected before
the target was removed from the rotator.

2.2.3 Absolute Phase Calibration

A unique technique was used in order to determine the
precise position in space of the instantaneous target phase
center. Phase calibration was achieved by placing a cylinder
with its axis vertical directly over the center of rotation
of the target support column. When the rotator was rotated,
the analog phase recording produced a periodic plot of phase
similar to a sine function of aspect angle. The amplitude of
this sine function is related to the deviation of the center
of the cylinder from the true axis of rotation of the rotator.
Although knowledge of this function allows the deviation to

be post-calibrated for any deviation, the reference point on

19




the top of the rotator was generally moved so that the
measured deviation was less than 360 degrees; this deviation
corresponded to a maximum off-center distance of 1.0 inch.
The actual equation which should be used to correctly locate
the center of rotation along the radar line of sight (RLOS)
is given by

Re = 77 Ve
where k = wave number

Yo = maximum measured phase deviation in degrees

Re = distance the cylinder axis should be moved to be

colinear with the center of rotation.

The value of 4 is necessary to account for the two-way radar
path as well as the fact that the radius R, is half of the
measured geometrical difference. The aspect angle where
Yo is maximum, is easily determined from the analog phase

plot.

This same technique can be applied directly to a target

if it possesses vertical planes of symmetry. For example,

the actual center of rotation of a cylinder with its axis
horizontal can be determined by determining the measured
phase deviation between the opposite ends of the cylinders . !
and that between the opposite sides of the cylinder. An

illustration of how a cylinder might be erroneously placed

on the rotator is shown in Figure 2-2,
20
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The object of these measurements is to determine
exactly where the target is located in relation to the center
of rotation of the rotator. Consequently, the absolute position
of the target phase center was determined so that its behavior
could be traced as a function of target rotation.

The position of the center of the cylinder illustrated
in Figure 2-2 can be determined from the plot of measured
phase obtained when the rotator is rotated through 360 degrees
in azimuth. The difference in measured phase obtained when
the target presents its two end-on aspects to the radar is

given by

Ay, = 2k(2R  cos A) '
= 4kR o cos A (2-1)
Similarly, the difference in measured phase obtained when
the target presents its two broadside views to the RLOS
(broadside is here used to indicate that the cylinder axis ;
is perpendicular to the RLOW) is given by )
AWBS = 2k(2R _ sina)
= 4k Re sina (2-2)
Equations 2-1 and 2-2 may be solved simultaneously to give

the radius arm, R, and its position angle, A, which is

e’
measured relative to an end on view. The solution of these

equations gives
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=l 2 2
R, = 7 ( Aweo) + ( AwBS)
A
et o]

The location of points on the target other than its

geometrical center may also be referenced in a similar

manner by simple vector manipulations. Point P on the
cylinder could be used as a reference, for example, by

noting that

p = JRez sinlA + (R cosA + L/Z)2

and Ap = tan~! [Re sin A ]

Re cosA + L/2

where L is the length of the cylinder.
This type of transformation is necessary when the

location of a target is to be synthesized by operations on

its ineasured phase data. The use of these transformations
is discissed in detail in Section 4 with regard to the
superposition of targets.

This technique was used to locace the position of the
center of rotation on the top of the target support column.
Reference marks were then used to locate each target model
with respect to the center of rotation. Figure 2-3

illustrates the method in which different target types were

referenced to the center of rotation. \

During each measurement sequence, the following items

were continuously monitored to assure the accuracy of all
23
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1

ments.

measurements:

Repeatability of all measurements were assured by
rotating the target and recording all signatures
over at least 380 degrees of aspect.

Phase closure within +8 degrees was achieved during
all measurements.

The position of the phase center for both the VV and
HH polarizations was checked at a specular point on
each target to measure accurate phase calibration.
wVV’ ¢HH +8 degrees was necessary for acceptance.
The accuracies of the digital encoding equipment

was checked before and after each measurement run

by noting the limiting values on the digital display.
The absolute accuracy of cross section measurements

was checked against computed values of the cross
section of the generic shapes on the basis of the
physical optics approximation. These values checked

within +2 dB.

2.2.4 Bistatic Measurement Procedures

The calibration procedures used in the bistatic measure-
ments were identical to those used in the monostatic measure-
This approach was made possible by noting that the
bistatic radar cross section of the calibration sphere was

essentially the same at the bistatic angle of interest,
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namely 0, 10, and 30 degrees. Computed bistatic sphere data
was available at the Fort Worth division for a range of ka
from 0.01 to 20 and for bi tatic angles between 0 and 180
degrees.

2.2.5 Vehicle Model Specifications

The target models which were used to provide scattering
measurements during this program were designed so that the
following objectives might be accomplished:

1. To provide data on the coupling between tightly

connected continuous surfaces.

2. To provide generic type surfaces .rom which an

analysis of various scattering phenomena can be made.

3. To provide a set of generic models which can be

interconnected in order to fabricate a large number
of different composite shapes.

Table 2-1 contains target model data for each model and
type of measurement obtained during the measurement program.
This table contains a description of each model and the
frequency and bistatic angle of the measurements obtained
using each model. Also, the value of the residual radius
arm R and position angle p that remains in the processed
data is presented. The target models are grouped into a set

of five surface classifications as follows:
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Table 2-1 VEHICLE MEASUREMENT DATA
MAX MEASUREMENT | BISTATIC
TARGET DESIGNATION r(w( DIA MIN nu) L"NGTH FREQUENCY ANDLE , [
Inches) {Inches (Inches (CHiz) ‘gesugn re “2“;.)
CYLINDER | cYl 5,320 - 6.34 6. 2 0.
CYLINDER 2 cY2 6.320 - 8.31) 5.975 0 0.0 0,000
CYLINDER ) cYd 6.320 - 10.5.3 5.073 0 138.5 0.206
CYLINDER 3 cYs 7.500 - 17,260 6.0 0 234.9 0.678
5.883 10 97.0 0.226
6,050 30 243,3 0.020
CYLINDER 6 cYe 15,736 - 44,320 6.0 0 339.4 0.661
5.885 10 162.5 0.226
6.050 30 6.9 0.3
CONE 1 cl 6,320 0 11.783 6.0 0 214,46 0.806
CONE 2 c2 6,320 0 15.814 6.0 0 2.4 1,620
CONE 4 ca 7.500 0 13,983 5.975 0 1717.4 2,302
FRUSTRUM | Fl 6.316 2.000 4.030 5.97% 0 183,4 0.365
FRUSTRUM 2 r2 7.%00 6.320 2.200 6.0 0 0.0 1.150
FRUSTRUM 3 F3 7.500 6.320 3.3%8 6.0 0 116.5 0.503
FRUSTRUM & Fo 6.312 4.892 4.063 6.0 0 N4 0.902
5.883 10 37.0 6.187
6.050 b [) 63.0 0.179
FRUSTRUM FS 7.500 4,892 7.421 6.0 0 ' ] 4.313
5.889 10 163.9 0.487
6.050 30 216.4 0.049
HEMISPHERE 2 H2 4.892 - 2,646 $.973 0 90.0 0.004
HEMISPHERE 3 H) 6,320 - 3.160 5.978 0 239.6 0.027
CONNECTING ROD L CR1 1.500 - 6.000 5.975 0 0.0 0.494
CONNECTING ROD 2 CR2 1.500 - 12.000 5.97% [} 180.0 0.077
CONNECTING ROD 3 CR) 1.500 - 24.000 5.97% 0 180.0 0.016
AFT RACK 1 ARl 6.320 $.500 8.000 $.97% 0 0.0 0.00
AFT RACK 2 AR2 6,320 5.500 8.000 5.97% 0 0.0 6.00
AFT RACK ) AR3 6.320 5.500 8.000 $.978 0 0.0 0.00
PARABOLOID OF REVOLUTION | 31 4,892 - 3.50 5.975 0 0.0 0.000
DIPLANE 1 Dl 10.000 - 10.000 5.97% 0 133.6 8.486
FRUSTRUM 2 CYLINDER 3 rays 7.500 6.320 19.460 5.975 0 180.0 0.330
FRUSTRUM & CYLINDER 3 FAY) 6.320 4.892 14,576 5.97% 0 97.3 0.228
FRUSTRUM 5 CYLINDER 3 FSYS 7.500 4,892 26.680 5.973 0 00,0 0.000
5.885 10 232.9 0.114
6.050 30 230.6 0.317
CYLINDER & FRUSTRUM & Y4Fs 6.312 4.892 12,063 5.975 0 204.) 0.047
5.885 10 0.0 1.373
6.050 30 180.0 0,019
FRUSTRUM 2 CYLINDER §
FRUSTRUM 3 FIYSP) 7.500 6.320 22,818 5.975 0 180.0 0.012
CONE 1 CYLINDER ) clyl 6.320 0.000 22.246 5.97% 0 0.0 0.000
CONE 2 CYLINDER 3 c2y3 6.320 0.000 26.327 5.978 0 3.0 0,343
CONE 3 CYLINDER 3 c3yl 6.320 0.000 12,543 9,975 0 215.8 0.019
CONE & CYLINDER § c4yYs 7.500 0.000 31.24) 6.0 0 225.8 0.571
CONE 2 FRUSTRUM 2 car2 7.500 0.000 18.014 6.0 0 2.5 0.52%
CONE 1 CYLINDER 1 FRUSTRUM 3 clyiry 7.500 0.000 21.485 6.0 0 219.0 2.55%
CONE 2 CYLINDER ) FRUSTRUM 3 ciyiry 7.500 0.000 25,654 5.975 [} 193.9 1.202
CONE & CYLINDER $ FRUSTRUM 3 c1Ysr3 7.500 0.000 34,601 5.978 0 18.4 0.096
HEMISPHERE 2 CYLINDER & H2Y4 4,892 - 10,446 5,978 0 239.6 0,027
HEMISPHERE ) CYLINDER 1
CYLINDER 2 RIY1Y2 6.320 17.817 5.975 0 173.0 0.96)
HEMISPHERE 3 CYLINDER ) H3Y3 6.320 13,673 3.975 0 107.8 0.239
PARABOLOID 1 FRUSTRUM & PIF4 6.314 - 7.563 5.97% 0 182.8 0.329
PARABOLOID 1 FRUSTRUM 4
CYLINDER 3 P1F4Y) 6.320 . 18.076 5.97% 0 180.0 0.13%
SMNOTH AEROSPACE VEHICLE AO PLF4YIFZYSFIY2F1 7.500 - 53,237 3.0 0
SMCOTH AEROSPACE VEMICLE Al PLF4Y2P2YSFIYIFL 7.500 - 53,239 3.0 0
6.0 0
SMOUTH AEROSPACE VEMICLE A2 ClYIF3YSF2YLF1 7.500 0.000 55.408 3.0 0
6.0 0
SMOOTH AEROSPACE VEHICLE A) HIY1Y2YSYIC3 7.500 - 47,620 3.0 0
6.0 0
COMPLEX AEROSPACE VEHICLE ACO | ACTUAL AEROSPACE MODEL 5.975 0
COMPLEX ALROSPACE VEHICLE AC1 | PLFAYIF2YSFIARIFL 7.500 - 52,9264 5.975 0
COMPLEX AEROSPACE VENWICLE AC2 | PLFAYIF2YSFIAR2FL 7.500 - 52.924 5,975 0
COMPLEX AEROSPACE VEHICLE AC3 | PLF4YIF2YSFIARIFL 7.500 - 52,924 5.975 0
COMPLEX AEROSPACE VEHICLE AC4 | PIF4Y3F2YSPIV2FL 7.500 - 53.237 5.975 0
COMPLEX AEROSPACE VEMICLE ACS | PlrPAY2F2YSFIYIFL 7.500 - $3.237 5.97% 0
SCIENTIFIC SATELLITE X1 HIPLCR1H2 6.320 1.500 15.636 3.0 0
5.95 0
SCIENTIFIC SATELLITE X2 CIFICRIAR2CR2H) 6,320 1.500 20,660 3.0 0
5,93 0




1. Generic Surfaces

2. Composite Generic Surfaces

3. Smooth Aerospace

4., Complex Aerospace

5. Scientific Satellites

Figure 2-4 contains a photograph of some typical generic
and composite generic models measured during this program,
Figure 2-5 contains an illustration of the method of construc-
tion used to form composite models from generic models. Addi-
tional photographs of other models are contained in Reference
2 along with the analog plots of measured data.

2.2.6 Measurements Data Recording and Processing

In order to prepare scattering measurement data for use
as library data for the various processing techniques
developed during this program, it was necessary that these
data must be edited, calibrated, and recorded on magnetic
library tapes. Figure 2-6, contains a flow diagram showing
the evolution of scattering data between the radar range and
the completed library tape.

In its final form, the cross section, phase, and aspect
data for each measurement run have the following character-
istics.

1. Data on magnetic tape is recorded for exactly 3600

discrete aspect angles beginning with @ = -180.0
28




Typical Composite Vehicle

Fig. 2-4 TYPICAL VEHICLE MODELS
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degrees, increasing to 6 = 0.0 degrees and then
increasing to 8 = 179.9 degrees in increments of
0.1 acgree. Aspect angle data is recorded on tape
in an integer mode for 8 = -180.0 through 0 degrees
to 8 = 179.9 degrees.

2. Aspect angle data is calibrated from knowledge of
the orientation of specular returns. This cali-
bration assures, for example, that the specular
returns from the end-on aspects of a cylinder will
occur at 8 = 0.0 degrees and 6 = 180.0 degrees.

3. In some instances, cross section data was post-

calibrated (1) in accordance with post-calibration
radar range data or (2) by use of computed cross
section values obtained by use of the physical
optics expressions for cross section at specular
points for cones, frusta and cylinders.
4, 1If a phase bias error was detected, a fixed bias
value was added to the measured phase as a correction.
The target model data contained in Table 2-1 indicates
the value of the residual radius arm R and position angle
o which remains in the final library data after it is
formatted on magnetic tape. The position vector determined
by R and p indicates the position of the target phase réf-

erence with respect to the actual center of rotation of the

turntable. 32




Scattering measurements data was recorded on magnetic tape
as BCD information in the following manner. Each file on a
tape consists of 903 records or card images and an end-of-file
ma: k. Each record consists of 14 words and represents one
80 column card. The first two records contain alphanumeric
information identifying the target and the parameters of the
radar range for that sequence of measurements. These two
records are followed by 900 records containing measured data.
Each of these records contains a set of four values of aspect
angle, cross section, and phase. The last record of each
file consists of an end-of-file mark. Table 2-2 illustrates,
in detail, the format of a typical data file.

2.3 Short Pulse Measurements

The short pulse measurements utilized during this program
were also obtained on the Radar Range at the Fort Worth Divi-
sion. C-band measurements on a sphere-tipped cone were
obtained for use in the analytical investigation of the
geometrical theory of diffraction. These data are discussed
in Appendix C of Volume III of this Technical Report (Reference
2). Short-pulse data were also used in the inverse scattering
investigation reported in Volume IV (Reference 3). The
important components of the short-pulse radar and the proce-
dures utilized to ensure the quality of short-pulse measure-

ments are discussed in the following paragraphs.
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2.3.1 Electronic System

The measurement systems used in this program to obtain
short-pulse signature data were phase coherent C- and X-band
radars which exhibit range resolution of 6 and 3 inches,
respectively. Figure 2-7 contains a simplified block diagram
of the radar system and the tie-in between the radar system
and the recording system.

In operation, a dc pulse from an impulse generator is
transmitted to the waveguide modulator at a rate of 20,000
pulses per second. When the waveguide modulator is triggered
by these dc pulses, it produces a short RF pulse from the
continuous wave input. This pulse is amplified through a
3-stage TWT and amplifier chain and is passed through the
system attenuator to the transmitting antenna. The system
attenuator is accurately calibrated in db for use as a
calibration reference. The received signals are amplified
in a low-noise TWT and applied to one channel of a sampling

oscilloscope. The output of this channel is used as an

analog of the target response and is applied to the recording
system and the phase comparator network. The input from the
continuous wave reference oscillator is applied to the other
channel of the sampling oscilloscope through a phase shift

reference. The phase shifter is also used as a calibration

device.
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The phase of the reference signal at the oscilloscope
is shifted 90 degrees intrapulse in order to provide a phase
reference for both the quadrature and in-phase chanunels of
the phase comparator. Representative system timing relation-
ships used in the operation of the radar and recording
system are presented in Figure 2-8, The timing relationships
shown in this figure include the real time and the processing
time required for operation of the radar and the recording
components.

Details of the characteristics of the radar systems
are presented in Table 2-3. The primary items of interest
in this table are the pulse characteristics and the radar
ser.sitivity and stability. Pulse data is obtained by recording
the signal from a large sphere in the vicinity of the target
during a calibration process. A 3-dB pulse width of less
than 0.5 nanosecond can be obtained at C-band (.3 nanosecond)

' at X-band. However, optimum C-band system performance is

usually established by observing both the 3-dB and 25-dB
levels and adjusting the optimum until a 0.6-nanosecond pulse

width is obtained at the 3-dB point and a 1.8-nanosecond 1

signal at the 25-dB point. The time sidelobe level is
initially set approximately 30 dB down from the peak signal
amplitude. The time sidelobe remains at a level greater

than 25 dB down during the couirse of a measurement series.

37

'-—-————-——-—-—-—-—“




|
|
i

— k— 50 u SEC

TRANSMITTED PULSES

CALIBRATION

REFERENCE 2rAdG

RANGE
GEOMETRY

|..___ RANGE SAMPLING SPAN

RECEIVER TWT GATE

1

1!"\
1 /

20 N SEC

RANGE RAMP

= 7 SEC -

b 4 SEC —af

—{}- 11 MSEC

DIGITIZED DATA

Fig. 2-8 SYSTEM TIMING DIAGRAM

-4




Juawaanseaw aseyd YyiaTm Juaaayod «x

00§ 0t Le-

00Y 0t Lec-

(apr)
(3993) *XeW
9Z1S (ap) |[(s3aem) | (dp) |2901
pUUD]UY a3uey andanQ ‘814 |9P1S
‘X | OTweulq I9amod | ©STON [2uWll Md

SOILSTYALOVEVHO ¥vavd ASTINd IL¥OHS ¢€-7 °14BlL




Typical C-band data obtained by using these parameters are
shown in Figure 2-9. These data were recorded at two
attentuation levels in order to display the pulse width at
tﬁe 25 dB points and define the sidelobe levels.

The use of an accurately calibrated reference attenuator
and phase shifter, in conjunction with exceptional system
stability, provides the basis for accurately determining the
amplitude and phase response of target scattering centers.

A measure of the system stability is presented in Figure 2-10.
These data represent the analysis of a large number of data
runs which were obtained over a time period longer than
typical data runs. These results indicate that system
stability in phase and amplitude are represented by a standard
deviation of less than 2.5 degrees and 0.45 dB, resp - e

The recording system used to produce target and aspc ..
angle information is designed to provide an easily manageable
form of analog and digital data. The functional tie-in between
the radar and the recorder was previously shown in Figure 2-7,
A more detailed diagram of the digital recorder is shown in
Figure 2-11. The output of the sampling oscilloscope, the
envelope of the target response, appears at the input to the
recorder amplifier and is subsequently recorded on 4 channels
of a strip chart recorder. The aspect angle data, target

amplitude data, and the in-phase and quadrature components
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of the phase data are recorded. Analog voltages are used
in the digital system to produce the digital data through
analog-to-digital (A/D) conversion of the analog signals.
The digital recordev is programmed to accept the output of
various A/D converiers, the aspect angle information from
the angle encoders, and other input data required as desig-
nators, and to produce a 7-track magnetic tape. The IBM-
compatible format used to produce the 7-track binary coded
decimal (BCD) magnetic tape is shown in Figure 2-12,

2.3.2 Radar Range Setup Procedures

The range geometry used in a typical short pulse measure-

ment program is illustrated in Figure 2-13, where the offset-
fed antennas are only applicable to C-band measurements.
With this exception, the geometry can be applied equally
well to X-band measurements, where, lunberg lens antennas
are utilized at present.

The ground plane mode is utilized with this range

configuration in order to reduce the background by virtue

of the null near the ground. This null is an inherent property
of the configuration, and advantage is taken of the constructive
interference between the direct and indirect waves in the target
vicinity to obtain additional sensitivity. Test results
obtained by using this range geometry have indicated two

salient facts. First, theoretically possible gain is realized.
44
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Record Prefix (=)

MSD Model Number

LSD or Calibration Dats Code

Run Number (Used when all other identifiers are repested)
Frequency (1-UHF, 2-L-Band, }-S-Banc, 4-C-Band, 5-X-Band)
Bland

Polarizatfon (Trans-RCV:1-VV, 2-HH, 3-VH, 4-HV)

MSD
Full Scale Range Sweep in inches

LsD
Blank
MSD
Record Number (Progressive from 0000)

LSD
Data Prefix (/)

MSD Block Number

LSD (00 for this application)
8lank
Blank
Sign
MSD

+ 9999

LsD
Sign
MSD One Sample
In-phase cowponent

in Millivolts Repeated 1 to 128 times

LsSD (30 for this spplication)
Sign
MSD Range increment per

Quadrature component
in Millivolts

sample (in inches) to
be marked on each reel

LSD
Sign
MSD
Amplitude Component
in Mi{llivolts

LSD

Blank
Blank
Sign
MSD
Attenuation Level

LsD
MSD

I Cal Phase on Cal Runs in Degrees
LsD
Sign
MSD

Pitch Angle (n Tenths of Negrees
LSD
Sign
MSD
Roll Angle in Tenths of Degrees
LSD .
Sign
MSD

Yaw, Azimuth, or Aspect In Tenths of Degreas

LSD Notes:
1) All Recordings @
8CO_BPI in BCD Code
Fixed Format Bits
Fixed Format lero
Auto or Preset
Bit Changes
Data Bit Changes

Longitudinal Parity 2)

3/4 inch gap
3/4 inch gap

Next Record

Fig. 2-12 MAGNETIC TAPE FORMAT FOR SHORT PULSE DATA
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Second, pulse dispersion effects resulting from differences
in the time of arrival of the direct and ground reflected

waves produce no significant impact on the system pulse width

characteristics or the time sidelobe levels. The offset fed
dishes used for C-band measurements have provided additional |
sensitivity concurrent with a high degree of antenna rejection,
This sensitivity has been obtained without introducing
undesirable reflection levels, and it is a result of the

fact that the focal length is much longer than a pulse width |
H : and aperture blocking effects are minimized.

As illustrated in Figure 2-13, the range sampling span

must encompass the calibration reference and the entire

volume occupied by target. It is desirable to minimize the

length of the range span in order to reduce the amount of

data recorded. However, this action is practical to a

A AR Ml

H limited extent since the radial range difference between the

PN

calibration reference and the target must be great enough to
eliminate interaction between the time sidelobes of the
reference and the low-level components of the target signature.
Calibration of the measurement system involves (1)
establishing an accurate time (range) refcrence on the
recording system, (2) recording system noise levels, (3)
establishing a system response curve for both phase and

amplitude, and (4) determining system amplitude and phase
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stability via post-calibration after a series of target
measurements. Calibration of the C-band system i3 accomplished
by completing the 12 steps delineated in Table 2-4. Prior to
calibrating the system, the reference scatterer is positioned
to produce a signal level about 2 dB below full scale at full
sensitivity and system performance is extensively examined.
In Step 1, the appropriate system parameters are commonly
adjusted to provide a 2-nanosecond time interval (1 foot) per
centimeter on the analog data strip chart. In steps 2 and
3, system noise levels are recorded. Steps 4 and 5 are used
to establish the basic phase and amplitude calibration of the
reference scatterer.

Steps 6 through 8 of the procedure are used to calibrate
the reference scatterer in VH polarization, Calibration in
amplitude and phase is accomplished by using the relationship

= O = g

v HH =~ “VH HV*

In Step 9, the background level is measured for all
polarizations of interest and target measurements are obtained
in Steps 10 and 11. 1In order to validate the target data,

a post-calibration procedure (Step 12) is included. In this
step, selected initial calibration steps are repeated.

2.3.3 Amplitude and Phase Calibration

Data obtained in the system calibration procedure is

used to calibrate a reference scatterer which, in turn,
48




Table 2-4 SHORT-PULSE SYSTEM CALIBRATION

93
10.

11,

12.

Record 1-GHz signal.

Record detector zero and sampling noise.

Record receiver noise.

Place calibration sphere on support.

Record scattering from calibration sphere and
reference scatterer in all polarizations to establish
phase and amplitude calibration of the reference.

Remove sphere and place 45-degree dipole on support.

Determine cross section of 45-degree dipole in VV
relative to the reference.

Determine reference cross section relative to
45-degree dipole.

Remove 45-degree dipole and record background.

Place target on support and mechanically align
aspect angles.

Record target data in all polarizationms.

Perform post-calibration.
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provides a calibration signal on each recorded frame in a
target data run. Amplitude calibration is accomplished by
monitoring a constant signal (the scatter from a sphere) and
recording the response as a function of the setting of a
calibrated attenuator. Calibration data are then recorded

in conjunction with changzes in the attenuator. The results
of this procedure are used to construct an amplitude response
curve in dB. Absolute amplitude calibration of the reference
scatterer in dBsm is then deduced by noting the difference

ir the response of the reference and the sphere whose cross
section is krown. For other than VV and HH polarizations,

a dipole oriented at 45 degrees is used for calibration.

The system phase response is determined by recording
data in conjunction with 10-degree changes in the system
phase shifter. This data is then used to construct a phase
response curve from which any corrections necessary for

system nonlinearity can be obtained. No absolute calibration

is provided for phase since all phase data is to be interpreted

relative to the phase of the reference, Modulo 27 . However,

a phase correction factor for the ith polarization, relative

to VV polarization, is established through the relationship
pL = (03 - 09) - (Pn - B3)

where ﬂR = Phagse of the reference scatterer

¢S = Phase of the calibration sphere
50
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The method of calibrating typical target data in
amplitude is shown in Figure 2-14. The basic curve (a)
represents the system amplitude response derived from the
calibration measurements. Curve (b) illustrates the procedure
used to calibrate the reference scatterer by comparing the
reference signal with that of the sphere. In this example,
a 9-inch sphere whose radar cross section is -14 dBsm is
found to produce a response of 5.3 dB above the level of the
reference. Thus, it is evident that the radar cross section
0f the reference scatterer is -19.3 dBsm. An actual target
response, with an additional 4 dB of attenuation, is shown
in curve (c). At this attenuator level, the effective cross
section of the reference is still -19.3 dBsm; however, a
scale change on the record has been introduced so that the
larger target signals can also be observed. The target
response is conveniently converted to dBsm by using the
response curve and noting the difference in amplitude levels
(7.3 dBsm) between the returns from ¢he reference and the
target.

Target phase calibration is illustrated in Figure 2-15.
Since the phase detectors are bipolar, there is no offset in
the presentation as in the care of the amplitude record. The
primary consideration in obtaining accurate phase data is

that of correcting all target data to produce a numerical
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Fig. 2-14 INTERPRETATION OF AMPLITUDE CALIBRATION
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Fig. 2-15 INTERPRETATION OF PHASE DATA
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result which is a measure of the phase of the target response
relative to the phase of the reference scatterer.
The phase of the signal from a scattering center can be

written as

P, = P,(t) + 2k(t)R_ + (bs(f,e) = 2kR cos (8 + V)

where t denotes time, f denotes frequency, o denotes aspect
angle, k denotes wave number, and ¥ denotes a position angle
associated with the geometry of the scattering center. The
¢o term corresponds to the actual phase of the transmitted
signal. This term, which is dependent on the stability of
the system, can be a sensitive function of time. The 2k Rj
term, where k = 27 £/c and R, is the range from the radar

” system reference to the center of rotation of the target,

is a sensitive function of time if (1) R, is large and (2)
significant frequency changes occur. The function ¢S(f,9),
which is a phase term arising from the characteristics of the

scattering center, is ~ne of the elements of interest. This l

term is commonly insensitive to frequency. The 2kR cos(0 + ¥)
term is a result of rotation of the target about gsome axis
where R is the distance from the axis of rotation to the

scattering center; since R is sm=1l, the time dependence of

s - .~

this term is insignificant. Thus, it can be seen that

provisions of only nominal frequency stability and a refer-

ence scatterer in the target vicinity allow the phase term
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to be reduced to the expression

¢t = ¢1 + ¢s (8) + 2kR cos(9 + ¢)

where ¢t is measured relative to the reference and ¢1 accounts
for the effective distance between the reference and the center
of rotation of the target. Thus, the measured parameter is the
desired parameter except for an additive constant which is of
no consequence,

By using the notation of Figure 2-14,

P = 1 + tan”! [( orq/ UTI)%]' tan™! [( oRQ/ O'RI)%]
where o can be defined in record units or in terms of the
millivolt levels recorded on magnetic tape. It should be

noted that the ¢1 includes the @, required to correlate

i
data obtained at different polarizations. Example computatiocns
are tabulated in the Figure 2-15 by using the most significant
target signals. Figure 2-16 contains typical data illustrating
the deviation of system response from the ideal circular

function.

2.3.4 Measurements Data Recording and Processing

Short-pulse measurements are obtained by use of proce-
dures identical to those used in obtaining basic calibration
data. In this case, the target is placed in the physical
location previously occupied by the calibration sphere.
Target data is calibrated by comparing measured data with the

data from the reference scatterer. The variables commonly
55
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associated with data acquisition are target aspect angle,
measurement system attenuation or sensitivity level, target
configuration, and polarization. These variables are fixed
at some known point during the recording of a frame of data.
In a typical measurement series, the system attenuator is
fixed and the aspect angle is changed while measurements are
made at a selected polarization. Thus, a series of data
frames is obtained wherein each frame corresponds to a
different aspect angle. An angular increment no smaller
than 1.0 degree is commonly selected in order to limit the
time required for a measurement series.

An attenuation level of zero dB is commonly used on the
first series of runs covering the aspect angles of interest.
The same aspect region or a portion thereof is then remeas-
ured by using additional system attenuation levels in 20-dB
steps until all signal levels of interest may be observed.
This process provides a simple means of obtaining, in effect,
a wide dynamic range although the single pass dynamic range
of the measurement system is about 26 dB. After target data
has been obtained by use of the appropriate attenuation
levels, the polarization 1is changed and the sequence of
angular coverage and attenuation levels repeated. After
measurements have been completed for all polarizations of

interest, the initial position of the target is changed, or
57
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a new target configuration is measured by repeating all of
the steps described above.

Processing of target data is accomplished by use of a
computer program in conjunction with the IBM 360 computer.
The primary functions of the program are to edit, calibrate,
merge, and reformat the target data in order to produce an
output magnetic tape which contains the processed data in
card image form. These functions are illustrated in
Figure 2-17.

Editing the original magnetic tapes requires the neces-
sary program logic to (1) bypass bad data, (2) compensate for
any missing data (if possible), (3) retrieve data from two
or more tapes for proper sequencing, and (4) align aspect
angles for data taken at two or more attenuation levels for
a given set of target parameters. Because of the potential
impact of editing on the overall data processing, the follow-
ing background is provided for better understanding this
procedure.

As previously discussed, target data is serially written
onto magnetic tape in fixed length records according to the
format shown in Figure 2-12. This format provides a means of
inserting fixed and variable indicators within the first 20
characters and last 30 characters of each data record so as

to uniquely define the measurement parameters associated
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with the data, Of particular interest during editing is the

run numbey (4th character), polarization code (7th character),

the +9999 code (22nd through 25th character), and the system
attenuation level (1824th through 1826th character).

At the beginning of a measurement series, the run number
is set to zero, and the proper values inserted for the
polarization code and attenuation level. If no problems are
encountered during the measurement run, these indicators
remain unchanged. However, in the event of any occurrence
which would invalidate the data being taken, the run number
is set to a value of 1, and the measurements retaken. If
the editing program senses an increase in the magnitude of
the run number, it discards the previous data and replaces
it with the new data that is then associated with the higher
run number. Values of 2, 3, etc., are uscd for any subse-
quent errors encountered while recording data for otherwise
fixed measurement parameters. After successfully completing
a measurement run (typically a full rotation of the target
for a given attenuation level, roll angle, pitch angle, and
polarization), the run number is reset to zero and the next
series of measurements then taken. The recorded attenuation

level is used to properly associate target data obtained at

otherwise fixed parameters.

L




The total number of digital samples taken over the range
sampling span of the target far exceeds the capacity of one
fixed-length record. Consequently, several records must be
serially transmitted and later combined to reconstruct the
carget signature over the range sampling span. To facilitate
this, the algebraic sign of the 9999 code is programmed by
the recording system so that the first and last record of a
range sweep are easily sensed. The presently adopted data
acquisition procedure is such that 307 of the first record
and 407 of the last record of a range sweep are used to
record the system noise level. Over this portion of the
respective records, the -9999 is encoded with the digital
samples. Over the remainder of these records, and for all
between, the algebraic sign of the 9999 code is positive
(see Figure 2-18).

Experience has shown that occasionally the recorder
will lose synchronization with the basic system timing, and
the last record of a range sweep will be lost. Although
the lost data represents less than 17 of that obtained for a
typical measurement series, it must be detected so that the
following range sweeps are properly reconstructed. The
editing program is used to sense the first -9999's encountered
in a range sweep, and combine the following records until it

senses the change from + to - within a record. If the last
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record is missing, a dummy record is inserted so that all
range sweeps consist of a fixed number of records.

With the single exception of inserting records for those
found missing, no alteration is made to the input data during
editing. There presently exists no way of distinguishing
between actual target responses and spurious responses
gerierated internal to the radar system.

The editing portion of the program is by far the most
complex of any of the program functions since the output of
this routine is considered to be error-free by the other
routines. Although this greatly facilitates calibration,
data merging, etc., it requires that all error conditions be
satisfied prior to leaving the editing routine since no
further checks are to be made.

Calibration of the target data, both in amplitude and
phase, presently utilizes the system response characteristics
as library input data which is compiled into the computer
program. The program could be used to generate the calibration
curves and correction factors since the calibration procedure
is also recorded on magnetic tape, however, no apparent
advantage would be gained from this action.

The reference scatterer, which appears in each range
sweep, is used in conjunction with the input library data to

calibrate the target response in each recorded frame. To
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accomplish this, the digital data is scanned in order to
locate the peak amplitude of the reference. This signal

level is used to reconstruct the amplitude response curve,

in dBsm, from which each digital sample of the target response
is then calibrated. At the range where the peak reference
signal is located, the phasa, ¢;, of the reference scatterer
is then computed, and corrections are made as necessary to
compensate for any nonlinearity in the system phase response.

A phase correction term for the ith polarization, relative
to VV, is computed as y; = (¢; - ¢;) - ¢i and applied to the
target phase response. The value of ¢i was established during
the system phase calibration procedure. To avoid <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>