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ABSTRACT

This is the final report to NASA Contract NAS 6-2571,
Sources of geometric and radiometric fidelity errors in |
AN/APQ-102A radar imagery are discussed, along with a
digital computer program to correct the distortions. The
major effort, a computer program which will process
digitalized recorded AN/APQ-102A phase histories into

imagery, is described, All computer programs are listed,
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SECTION I - INTRODUCTION AND SUMMARY

This report describes the work accomplished on a study program entitled, '"Study of

Synthetic Aperture Radar Imagery Characteristics, " funded under NASA Contract NAS 6-2571,
The objective of the program was to analyze the characteristics of synthetic aperture radar
(SAR) imagery and develop digital processing techniques to utilize this type of data in con-
junction with other sensor data on the NASA earth resources program, - Spécifically, the
major effort was directed tdward producing the digital computer programsfor the processing

of data obtained from the AN/APQ-102A radar system,

The study program consisted of two major tasks: (1) the definition of SAR image character-
istics, and (2) the development of digital computer programs to accept phase history data and

generate a radar image normalized relative to both intensity and geometry,

Section II discusses the sources and magnitude of errors in the AN/APQ-102A imagery., The
theoretical analysis consists of enumerating the known sources contributing to geometric
distortion, determining the effect of each source, and combining to yield an overall estimate
of the geometric fidelity of the imagery. Sources for geometric distortion fall into three
categories: (1) sensing geometry, (2) radar equipment errors, and (3) errors in the aircraft
inertial navigation system (INS) and altimeter. In addition to the theoretical analysis, the
distortions in an AN/APQ-102A image of Wallops Island flown on 30 August 1973 were

measured,

Section III describes the computer programs and procedures developed to.process AN/APQ-
102A phase history data, These progi‘ams and procedures wer e validated by actually
processing imagery at the Wallops Station facility utilizing the Optronics Microdensitometer
and the Honeywell 625 computer, This validation effort included the training of Wallops
Station personnel, thus giving NASA the capability to process subsequent i‘adar data without

contractor support,

Conclusions are given in Section IV, and the appendixes contain program listings of all

computer programs generated or used,
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SECTION II - DEFINITION OF IMAGERY CHARACTERISTICS

1. GENERAL

The AN/APQ~-102A has been quite successful in mapping for tactical purposes; however,
its imagery has small geometric and radiometric fidelity errors which it would be
desirable to remove when it is being used for cataloging earth resources, Some of the
geometric errors are internally generated within the radar; however, these errors are
generally small, The majdr sources of geometric errors are inertial system errors,
Since these errors are not known for any particular flight, their effect (geometric dis-
t-ortion) must be measﬁred by comparison with a map or other well-controlled data, This
section discusses the error sources, their effect on.geometric fidelity, and a method of
measuring geometric distortions through the use of terrain features recognizable both in

the radar image and on a map,

The basic design of the AN/APQ-102A includes features that minimize radiometric dis-
tortions that would be caused by sensing geometry (e.g., csc2 cos 1/2 vertical antenna
pattern), Radiometric distortions can be determined by measuring the deviation of the
radar transfer function from the ideal or by imaging a calibrated radiometric range,

Only the first of these methods is discussed,

2. GEOMETRIC FIDELITY ANALYSIS

The velocity and flight characteristics of the R¥-4 aircraft and its ‘av-ionics ﬁre used in
the numerical calculation of the magnitude of the error components, The calculation is
typical of the parameters of the flight of 30 August 1973. This analysis includes only

fixed target imagery and only the modes listed in Table I, o

PRECEDING PAGE BLANK NOT FILM
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TABLE I - AN/APQ-102A HIGH-RESOLUTION OPERATING MODES §
Altitude ' Type of Range coverage : Velocity
Mode (£t) coverage (NMI) (ft/s)
1 500 to 5, 000 HR 0 to 10 both sides 700 to 1250
5 30, 000 to 50, 000 HR 5 to 15 both sides 700 to 2000 B}
6 30, 000 to 50, 000 HR 10 to 30 left 700 to 2000 -
7 30, 000 to 50, 000 HR 10 to 30 right 700 to 2000

3.

ACROSS-TRACK ERRORS

a.

o
..

Ground Range Sweeps

The CRT recorder in tﬁe AN/APQ-102A employs ground range sweeps., Two
characteristics of the sweep are normally considered relative to geometric fidelity,

i,e., linearity and stability, Sweep linearity is expressed in tefms of percent error

in the distance between two points in the sweep interval, The linearity of the sweep

of the AN/APQ-102A is =0,5 percept. The error in position of a target at one edge -
of the swath with respect to the other for a 10-NMI swath is

+(0,005) X (5) (6080) = +152 ft . (1

The long-term stability of this error should be good, and the »e'lj'rbr should be highly
correlated between "data films using the same recorder on successive missions,

The expected dominant spatial frequency of this range scale 'faétor error is one-half
cycle per sweep length, with the error near the center of the sweep trace being very

small,

Film Thickness Variations o .

Linear film thickness variations can cause errors on the order of four feet in the

range direction, The spatial frequencies of these errors have not been determined,

-4~
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Range Displacement Error from Target Altitude

Conversion from slant range measurement to ground range measurement depends on
the relative altitude between the radar flightpath and a given target and thus is
affected by terrain roughness, earth curvature, etc, No error is attributed to the

radar for this operation,

4, ALONG-TRACK ERRORS

Recorder Film Drive Error

The major error in film drive is caused by the error in the measurement of ground-
speed, The accuracy of the velocity measuring equipment is about nine feet per
second, Thus, the linear error in target location resulting from errors in velocity

is

\Y
E, = ‘TE xD (2)
where
VE = error in velbcity
VY = aircraft velocity
D = the along-track distance over which error is to bg cbns idered.

In a high-speed mode over a five-mile distance, the linear error is

9 .
1500 X 5 X 6080 = 180 ft . 3)

It can be further assumed that a three-mil peak sinusoidal el'_‘r.or is present because
of eccentricity of the film metering drum, This would be equivalent to a three-foot

error,
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. TIFilm Thickness Variations

The errors from film thickness variations are estimated to be small (about four feet),

Clutterlock Stability

c.
The stability of the clutterlock motion compensation loop is about five Hertz and
would produce an error in the longitudinal (y) direction according to the following I
relationship:
df :
dy = R a” . )
Yo = Tal2v ’ _
y
1
where
frequency error = dfd = 5 Hz
wavelength = A = 0.1 ft
groundspeed = V' = 1500 ft/s
_ y v
€ =relative error L
£ = -
e = dy; - dy,
.s-':' ® & )dfdx
min max’ 2V
y
e 30,400 X 5 X 0,1 5 ft )
2 X 1500
~ This is a skew-type error, and its frequency is estimated to be very low,
d. Correlator Film Drive Error for Optically Processed Imagery
Aspect ratio error contributes a small, steady-state error in the image azimuth L

scale factor, This error is held to less than a resolvable element and is estimated

N
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to be 15 feet, Data film drive error resulting from metering drum eccentricity is

‘the same as that of the recorder and is threc feet, The image film metering drum

eccentricity permits a maximum sinusoidal error of 23 feet peak at a period of

3.9 NMI,

Residual Error from Motion Compensation Instrumentation

Compensation for sideways motion in the AN/APQ-102A radar is achieved in the
following manner, An antenna-mounted accelerometer system measures the side-
ways accelerations which are integrated and combined with the clufterlock—
measured velocities, The clutterlock takes an average of range bsnmp]es at intervals
along the entire 104n1-ilc swath, The motion compensation signnl‘thus derived is
applied at midrange. Thus, no along-track error exists at this point; however, an
error does exist on each side of the midpoint, with maximum e.rror at maximum

and minimum ranges. .

To obtain an expression for this error, consider a velocity in the X direction, VX‘
A correction is made so that no error exists at Yo' However, there is a difference
between the hyperbola on which mapping is occurring and the straightline correction

that is applied, From Figure 1, the following expressions may be written:

2 21/2 :
Y(// = (R +h) cos ¢ (5)
\7
X
Yo - V_Ro ' (6)
Y -
\4 _
X
Y='V—R (7)
Y
1/2
Vx 2 .2 / ,
=R =R +h") cos ¢ (8)
VY 0 0 : -
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(10)

(11)

Yy DOPPLER
HYPERBOLA

Yo fo—

y =1

4779-2

Figure 1 - Geometry and Motion Compensation Error

-8~
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If the velocity, V_, is 10 ft/s, vy is 1500 ft/s, R is 20 miles, R is 15 miles, and

x’
h is 40,000 ft, the error is

Y-Yw = 26,7 ft . (12)

Effect of Clutterlock and Across-Track Velocity Measuremenf‘Error

-n
]

An across-track velocity measurement error introduces a squint or skew into the
final image. An acijoss-track velocity measurement error of 6 ft/s at 1500 ft/s

produces a pointing error of

ANGULAR ¢ - % . 4 %1073 radian . (13)

CTV 1500

The linear error along track of a target on one edge of the swath with respect to the

other is

) -e = A—VX R -
CTV ~ Vy & MAX

RMIN)

6
TS0 (10) (6080)

"

I

243 ft . . ' (14)

g. Effect of Vertical Velocity Measurement Error

An expression relating vertical veloceity to along-track error can be developed

similar to that for across-track velocity:

2 N h2 1/2 VZ
& b) ] Z
vy - ) 21/2 1 v - (15)
(R +h)
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For the conditions » g
v, = 3.5 ft/s',_.
= 00 ft

VY 15 /s

h = 40,000 ft

R = 20 NMI - _ I
R = 15 NMI 3
)
thereforé,
6\-’\7 = 26.9 ft
1 i
h. Effect of Vertical Velocity Measurement Error
The along-track effect of vertical velocity measurement error may be determined
from the expression '
€AV, = = x AV 16
z~V z (16) r
Y ' i
For the parameters
av, = 2 ft/s
vy = 1500 ft,/s
h = 40,000 ft ,
the along-track error'resu]ting from vertical velocity measurement error is
-+ - 40,000 ' :
= X = i
€AVZ —-‘——1500 2 = 53.3ft . (17
-10-
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i, Antenna Pitch and Yaw Errors

Errors in antenna pitch and yaw will affect along-track geometric fidelity. The

result is that the clutterlock attempts to correct for the error, causing a skew in

the imagery. Consider the geometry of Figure 2. The aircraft is flying at velocity

with an antenna pitch of op and yaw of ea' The error in the along-track direction is

the mismatch between the best-fit doppler line and the antenna pattern intersecting

the ground. This errorisY - Y

T

From Figure 2, the following expressions may be written:

2 21/2
Y =R +h) cos ¥
¥
Y = R6 + heo
a p
Y =R68 + he
) 0 a p

(18)

(19)

20)

4779-3

DOPPLER
HYPERBOLA

Figure 2 - Geometry of Antenna Pitch and Yaw Error

-11-
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te

RO +hoe - (R h;) cos 21
oa p
RO, + hé
cosy = b (22)
0 0 1/2
R +h")
(o]

The error in along-track position is

1/2

' 2 2
Y-Y =R +he - R +h cos ¥ : 23
v a b ( ) (23)

and, substituting for cos ¢, the following is obtained:

2 2 1/2
R™ +h

Y-Y, =Rg +he -|Z——| (R +rho) . (24)
RO + h” P

The error at Ro’ Yo is zero but increases as R increases or decreases from Ro‘
Therefore, Ro is placed at the midswath.position, and R may vafy five NMI on either

side,

For the following conditions,

R = 20 NMI
R = 15 NMI
(o)
h = 40,000 ft
oa = 0,25 deg. _
= 0,25 de ,
0, g

an along-track error of 90 ft occurs,

-12-
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j. Aircraft Turning Error

The inability of the airéraft to fly a perfectly straight path introduces errors in the
along-track direction, When the aircraft goes into a slow turn within the time con-
stants of the clutterlock, the clutterlock is able to keep the physical beam oriented
on the zero doppler‘line. However, the radar thinks it is following a straight line
flightpath and, as a result, the imagery is skewed, The geométry of this situation
is depicted in Figure 3, Here, r is the uncompensated turning radius of the aircraft,
R is the range of interest of the radar, s is the length of the ground track in rotating
through the angle 6, and S is the distorted, recorded length Qf .the flightpath, The

error caused by the aircraft turn may be written as

¢ _S-s_(r+R)§-r68 R
T s ré T or :

(25)

47794

Figure 3 - Geometry of Errors Resulting from Uncompensated Turn

-13-
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1t is difficult to determine what the minimum uncompensated turning radius for the E
RI"-4 or C-54 is, but the manufacturcr of the RI°'4 has indicated that it will fly
straight with a minimum turn radius of 2650 NMI, Therefore, the error resulting

from a turn expressed in percent is

R 10

ET = T = 2650 - 0,00378 = 0,38 percent . (26) .

When one considers a strip five NMI long, the turning error 1s
€r = (0,0038) X 5 X 6080 = 115 ft .
5. MEASUREMENT OF GEOMETRIC ERRORS
n
a, General

It can be seen from the foregoing that most of the fidelity errors are random and
are irreducible prior to imaging, because they represent the utilization of onboard
sensors and their at_tendant errors, Certain errors such as residual motion compen-
sation error and the skew introduced by use of an offset frequency for demodulation E

could be removed after flight if the offset frequency and the three-axis translation
of the aircraft were recorded during flight. These data, however, are not available
in the AN/APQ-102A, and hence the aforementioned errors are not separable from

the random errors,

As a postflight procedure, the processed radar image may be- re.c'tified by use of a
computer program which does a least-square-error fit using precisely imaged
points whose geographic corrdinates are accurately known, Care must be taken that

points utilized are coincident with the points whose coordinates}ai'e known,

-14-
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PProgram Rationale

For the distribution correction program, the following radar image distortions were

considered:

1.

Scale (range versus track) - caused by the separate scaling
mechanisms involved (in the radar) in the track and range

directions

Skew - caused by either radar antenna or correlator slit

misalignment (results in range and track nonorthogonality).

Residual distortion - that which remains after items 1, and 2,
have been accounted for (caused by height differences between
the radar ground plane and the elevation of objects in the ground
area being imaged, nonlinearities in the recording CRT,

measurement errors, etc,),

Program Steps

Since the program determines the distortion relative to (radar) range and track,

a prerequisite for the analysis is that the radar image measurements (of identified

ground control points) be performed with the X-axis of the measurement device

aligned with the track direction of the radar. The steps taken by the program in

analyzing distortion are summarized as follows:

1,

The ground coordinates of the control points are preliminarily
aligned with the image coordinate system, This is done by
determining the relative orientation of two designated control
points in both the image and ground frames and rotating the
ground system to coincidence, For correctly signed printout
of scale, skew, and distortion, it is desirable to choos'ei'the

ground axes to lie within 45 degrees of the image coordinate

-15-
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system (for an existing system, this is accomplished by
controlling the sign and (X-Y) designation of the axes), The
designation of alignment points (as a program parameter)
prevents the use of points known to have a high probability of
substantial fe_lative distortion (e.g., points extremely close
togethef) . - The selection of two widely spaced points will

suffice for the initial alignment

A least—squarés fit between image and ground range coordi-
ates is performe_d. The range errors remaining after the fit
are computed, and the linear correlation coeffficient between
range errors and track coordinates is determined (if a nonzero
coefficient exists, it indicates a residual misalignment), The
ground coordinates are then rotated to inake the coefficient
zero, This process prevents individual control point errors

from introducing substantial alignment errors

A least-squares fit between the range image and ground
coordinates is computed and residual errors determined

(at ground scale)

Track image and ground coordinates are scaled via a least-
squares fit and average error determined, Skew is then.

introduced into the image coordinate system via two equations:
| -
Y = Y

and

X(M=XDO+A-YDH

-16-
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where

(X, Y)

original image coordinates

"

skewed coordinates

]

1 !
X,Y)

A

tangent of skew angle.

The skew angle is varied (in sign and magnitude) until track
errors are minimized (as measured by successive least~

squares fits)

Several types of analyses are then performed by the program
to demonstrate the relative contribution of various error
sources, In each of them, the residual error variaﬁée and
individual point errors (ground scale) are computed (and
displayed for examination) after various types of image

correction are introduced, The four types of correction are:

a, A magnification equal to the average (range and
track) scaling difference between image and

ground coordinates
b. __Differential scale correction
¢, Magnilieation plus skew ('nrr;‘('l.inn
d. Differential scale and skew correction,

The image range scale, track scale, and skew are displayed,
Plots are created (using CalComp software) which illustrate
the ground position and residual error of the control poihts

after the various types of correction,

-17-
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d, Program Parameters H

The program listing is given in Appendix A, The utilization of the resulis to

restitute digitally processed imagery is discussed in Section III,
Program parameters are as follows:

ALPHA1 - ALPHA 4 Analysis section headers. .

N Number of control points

N1, N2 ' Number (corresponding to program
order) of point pair to be used for
initial alignment, N1 and N2 should
be ordered so that N1 has a smaller
track codrdinate than N2 (however,
N1 < N2 need not be true; i.e.,
control points may be entered in

any order)

3

SCPLT Scale of plots (ground units/inch)

which are created of control point

positions
SCERR Scale of error vectors
(P(D, Q@) Ground coordinates of control point
XD, YD) . S Image coordinates of Ith control point
A S - Alphamimeric control point
designator, |
}!
)
-18~
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e, Results

A section of the AN/A PQ-102 data film which was flown for NASA on the 30 August
1973 flight was optically correlated on a laboratory correlator, and the portion of
the imagery around Wallops Island was analyzed, Sixteen points were used, of
which coordinates for 6 were from triangulation and 10 from a map. After distor-
tion correction, the mean error along track was zero with a standard deviation of
77.52 ieters and mean across-track error of 7.2 meters, with a standard

deviation of 87,7 meters,
6. RADIOMETRIC ERRORS

a, General

As mentioned previousiy, the transfer function of the AN/A PQ-102A was designed

to compensate for sensing geometry, ideally resulting in no radiometric distortion.
To the extent that the radar transmitted power and the receiver gain remain constant
(this can be accomplished by disabling the automati_c gain control), the radar can be
designed to compénsate for changes in slant range and depression angle, These
compensations are accomplished with sensitivity time control and a vertical antenna
pattern designed for uniform illumination as a function of depression angle,

Deviations (from the ideal) of these functions can cause radiometric errors.

=

sensitivity Time Control (871C)

Reference 1a contains instructions on how to adjust the STC to give the desired
signal, This description includes wave shapes and is considered the best data
available, The STC so adjusted requires no correction, The STC is turned off in

modes used above 30, 000~ft altitude and does not apply to the flight of 30 August 1973,

qUSAF T.O0, 12P3-2APQ102-2~4, Radar Mapping Set, AN/APQ-102 and-AN/APQ-102A
(Frequency Converter-TIjansmitter Cv 1678/APQ102), Chapter 11,

’ f19-
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Antenna Hlumination

It can be shown that if the vertical antenna pattern has a gain

1/2 0

G =K 03020 cos ’ o (29)

then the terrain would be uniformly illuminated as a function of depression angle 4,

Such a pattern can be synthesized over a limited angle, In th_e AN/APQ-102A, the
pattern is normalized at 18 deg, Figure 4 shows the theoretical verticalv antenna
pattern of the AN/APQ-102A, together with the tolerances in gain, The standard
deviation of the oné-way gain from uniform illumination is less than 0,5 dB, The
antenna pattern of the arrays to be used can be measured and the deviation between

L

measured values and the ideal 0502 8 cos 2 0 determined, It was anticipated that
the measured antenna pattern could be used to make radiometric corrections to the
imagery of Wallops Island made on 30 August 1973, However, it has been deter-
mined that USAF records do not make this possible, Therefore, no corrections for
the antenna pattern were made, The image distortion program discussed in

Section IIT has such provisions,

-20-
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Figure 4 - Theoretical Vertical Antenna Pattern at Horizontal Boresite
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SECTION 111 - DIGITAY, PROCESSING O1°' IMAGERY _

DIGITAL AZIMUTH PROCESSING

The processing described in this section will accommodate AN/A PQ-102 radar data
which has been range compressed', recorded optically, scanned, énd.digitized for
processing, The azimuth compression will be performed by a high—sbeed digital com-
puter, -The data flow diagram is given in Figure 5, The processing will be performed
to obtain 30-ft-resolution imagery with the option of either one or two azimuth looks,

If more rapid processing of the data is desired, the azimuth resolution may be degraded,

The data will be processed for an azimuth offset that is nominally PRF/4, In actuality,

. the azimuth offset frequency is not exactly known, and the data processing must take

this into account, To maihtain low sidelobe levels, an oversampling' factor of at least
four will always be maintained. The sampling rate of the input data will be not be

reduced until azimuth compression is being performed,

The implications of the foregoing may be better understood by examining the fundamental

formulas for azimuth compression, The synthetic aberture length which must be flown

to attain a desired 3-dB azimuth resolution, W, , is
0. SSAI{q
, = 30
! SYN 2W ’ . (30)
A

where RS is the slant range to the target measured on a line perpendicular to the ﬂight;

path, and A is the wavelength of the transmitted signal,

However, when the phase history of a point target which has been collected over the

required L is compressed (i,e., processed in a matched filter), the resultant side~

SYN
lobes of the sin (x)/x compressed waveform have a -13, 6-dB peak and decay slowly.

FRECEDING PAGE BLANE nop Py

-23--



SECTION III

GERA-2089

— SAR DATA
{ _ FILM
SYNTHETIC wiss
TEST TARGET T0 » :
GENERATOR WALDIPS MICRO- .
DENS I - I
TOMETER
- 7-
-TRACK TRACK 9
TAPE TAPE TRACK
N /s " TAPE
~ < ’/
LV
1 .
INITIAL -
DATA DECK < AZIMUTH
® PROCESSING
PROGRAM
EE
———--
t
PRINTER
PLOTTER
PROGRAM

~
PRINTER/ /
PLOT

ORIGINAL py
GE
l)l? 1‘()()12 (2[]21141]5§;;

——
4 tmacE FiLn '
\r

OUTPUT TO BE
VISUALLY EXAM-
INED AND COM-
PARISONS MADE

REFERENCE
FILM OR_MAP

Figure 5 - Digital Processing of SAR Data-Flow Diagram (Sheet 1 of 2)
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These sidelobes present a problem in that the sidelobes of a large target may have
larger amplitudes than the mainlobe of a target, and hence mask it, To prevent this
from occurring, a weighting function is applied to the return phase history, Basically,
the weighting function reduces the sidelobes by the application of a symmetrical taper
across the azimuth phase history of a target, This symmetrical attenuation, however,
causes a broadening of the mainlobe of the target when azimuth compression is per- I
formed. To maintain the desired resolution, yet achieve a low sidelobe level, excess

azimuth bandwidth is required,

Typical of the weighting functions which may be applied are Taylor aperture functions,
A Taylor aperture function which suppresses the peak sidelobe to -30 dB will broaden

a point target's mainlobe by a factor of 1,42, When this weighting function is used,

1.25AR .
LSYN B zwA ‘ ) (31)

Processing is being performed for a finer resolution than is specified, with the know-
ledge that the weighting function is being utilized and will broaden the mainlobe to that
desired,

r3

If the antenna's real azimuth beamwidth, B8, (here considered to be 3—-dB beamwidth) is
capable of illuminating more azimuth extent than is required for a desired resolution,

i.e,, if

RSB > 1, (32)

SYN '

then the excess illumin}a’ted area may be used to form more than one synthetic aperture,

For the AN/APQ-102A system, the 2-way 3-dB beamwidth is approximately 1 degree,

which would theoretically imply that .8 synthetic apertures for 30-foot resolution exist

between the 3~dB points of the antenna beam: . - : ’ U
RSB ) RS(I deg) /K?\RS

Layn 57.3 /'ZWA

- 8,37 . : (33)
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However, because the limitations of the motion compensation INS, azimuth recorder
bandwidth, etc., blurring of the image will possibly occur if more than two looks are
combined. Thus, for this problem,

_3 -
= X X
LSYN 2.083 10 Rs X number of looks , (34)

where L SYN is the syn-thetic aperture length in feet, R is the slant range in feet, and

the number of looks is either one or two,

The AN/A PQ-102 radar has a PRF of 1,1 V, where V is the aircraft velocity in feet per
second., Therefore, a sample of the terrain is collected once per 0,9091 ft of aircraft
travel, This sampling is greatly in excess of that necessary for 30-ft resolution, which

is

.. . 30
minimal sample spacing = 2 X 1.25 X number of looks ft . (35)

(The factor of 1,25 in the denominator accounts for the excess bandwidth required to
preserve resolution when using the weighting function.) It is necessary to have this high

PRF to keep the spectrum which lies within the antenna's mainbeam unambiguous,

The unambiguous bandwidth of the sampled spectrum lies from zero frequency to 1/2
PRF, or 0,55 cycle/ft, The clutterlock, however, keeps the antenna, and hence the
doppler spectrum within its mainlobe, centered on zero doppler, Therefore, it is neces-
sary to translate the feturn mainlobe spectrum up in frequency so that a frequency of
-0.275 cycle/ft will lie at zero frequency, and a frequency of +0,275 cycle/ft will lie at
0.55 cycle/ft, This is accomplished by mixing the return with an azimuth offset fre-
quency of 1/4 PRF, The 'translated return spectrum is illustrated in Figure 5. Energy
at frequencies above +0,275 cycle/ft will fold back into the spectrim:i of interest.
However, as is illustrated by the dashed lines in Figure 6, this energy is heavily
attenuated by the rolloff of the antenna's mainlobe, The peak'sidelobes of the AN/APQ-
102A 2-way antenna pattern are more than 26 dB down, and thus the energy in them will

contribute little .to the pr'oces.sing noise, -
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Figure 6 - Antenna Azimuth Frequency Response

g

The spatial bandwidth required to process 1 look for 30-ft, 3-dB résolution with 30-dB
peak sidelobes is (1.42)(0.»88)/(30) = 0,04617 cycle/ft, The factor of 1,42 is the
excess bandwidth ratio required for the sidelobe control. Thus, the bandwidth of the
spectrum which will enter the processor is in excess of that necessary to process one
look by the ratio of (0, 55)/(0,04167) = 13.2. As will be detailed later., the input band-
width can be reduced by fiitering to reduce the excess bandwidth and improve the signal-
to-noise ratio, (Note that only 8,37/13,2 of the unambiguously sampled data lies within

the 3-dB antenna beamwidth, as was shown in Equation (33)),

The radar's azimuth bandwidth and sampling rates having been examined, the effects

of scanning the optically recorded data and digitizing samples wil_i be considered, For

each range element, an azimuth sample has been taken and recorded on film for each U
0,9091 ft of aircréft travel, When this data is scanned, however, é‘sample is taken from

the film at the equivale‘nt"o'f once for each 0, 826 ft of aircraft travel_; which introduces
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an cffective increase in the azimuth sampling of a factor of 1,10, Tt must be understood
that no increase in the information bandwidth has occurred, that having been restricted
by the original PRF, However, there is a translation of all frequencies because of the
resampling, All data must be treated as though the spatial bandwidth were (0.55)(1.1) =
0.605 cycle/ft, even ﬂlough no information lies in the portion of the ﬁhambiguous spec-

trum resulting from the different input and output data rates,

The digitized data will be treated as if the original PRF produced a factor of (13.2)(1.1) =
14,52 in excess bandwidth over that required for a single azimuth look, Each azimuth
look will thus occupy (0. 04167/0.605) X 100 = 6,9 percent of the unambiguous sampled
bandwidth, ‘

The first operation in the digital processing of the data is to bandpass only those
frequencies necessary for‘azimuth compression, and thereby impfdve the signal-to-noise
ratio by reducing the noise bandwidth, This is done in the azimuth prefilter, which has
been designed (described below) to have a nominal center frequency of 0,4545 (i.e.,
PRF/4/1,1) of the safnple_d bandwidth and have 0.04167 and 0, 08334 cycle/ft spatial

bandwidths for the one- and two-look cases, respectively,

The two azimuth prefilter functions are "window function' desig'ns.a To produce a
window function with a desired center frequency and bandwidth, the following procedure

is employed (the steps are illustrated in Figure 7):

1. Inthe frcqumiéy domain, place an impulse at the desired fraction of
the bandwidth for which the filter's center frequency is to lie, and at

the corresponding negative frequency

2. Take the inverse discrete Fourier transform (IDFT) of this spectrum,
The result will be a sampled cosine in the time domain having an

integer number of cycles over the time extent of the IDFT output

aGold, B, and Rader, C,M.: Digital Processing of Signals, McGraw-Hill, 1969, pp. 217-231,
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3. A weighting function, in this case, a 40-dB Taylor function, is point

by point multiplied with t_he sampled cosine, This is the filter function

4, A discrete Fourier transform (DFT) is taken of the product, This
shows the bandpass of the filter, Note that if no window function were
applied, the step 4 output would have the shape of sin (x)/x, which is

the transform of a pulsed cosine,

The selection of the number of points in the window function design depends essentially

upon. three factors:

1, The accuracy to which the center frequency of the filter must be

positioned
2. The bandwidth of the filter
3. Therolloff rate and minimum stop-band attenuation of the filter,

For the two azimuth prefilter functions, the desired center frequency of both is 0,4545 =
5/11, Thus, as an impulsé is needed at both positive and negative frequency, the length
of the reference function should be a multiple of 2 X 11 = 22 points,

The bandwidths desired are 0,04167 and 0, 08334 cycle/ft spatial bandwidths, As the
3-dB width of the sin (x)/x function mentioned in step 4 of the foregoing is 0,88 X 2/N of
the bandwidth, where N is the number of points in the sampled cosiné, and as the 40dB

Taylor weighting broadens this by a factor of 1,42, then for the 0.04167 cycle/ft filter,

0.88 X 2 X 1,42 +N=Q‘10—$9—-N=40 . (36)
and for the 0, 08334 cycle/ft filter,
0.88 X2 X 1,42 -:‘N=2‘il_;3.8—'N=20 . ' (37)
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Thus, for the filters, N = 44 and N = 22 provide excellent choices, with the impulses
at (10, 34) for the first and at (5, 17) for the second, The taper over the amplitude of
the filter's output spectruin will be used as part of the weighting to control the azimuth
sidelobes (described in Eduation (31)).

The two filters are readily translatable to different center frequencies simply by changing
the position of the impulses in step 1, The narrow bandwidth filter can be stepped in
increments of 0, 04545 of the sampled bandwidth and the wider bandwidth filter in steps

of 0,9091 of the sampled bandwidth, Finer steps can be obtained by increasing the num-

ber of points in the reference function and changing the window function accordingly.

The azimuth prefilter is a ﬁonrecursive, convolution filter. In nonrecursive filters, the
output is not fed back to the input. Although filters with feedback (i,e., recursive filters)
have shorter reference functions than do nonrecursive filters, they suffer in that they
allow a noise buildup because of signal quantization and do not offer the truly linear phase
characteristic which nonrecursive filters provide, Hence, nonrecursive designs are

considered superior for this application,

In the nonrecursive filtér, N consecutive data points are multiplied vby the N corresponding
filter reference function bbints; the N products are summed, and the fesult is obtained,
The oldest input data pbint is discarded, the remaining N - 1 data points are shifted one
position, a new data pdint ié entered, and the multiplication and summation process is

repeated, Thus, for every data point entered, there is one data p'bint output,

After azimuth prefiltering has been performed, the data will be‘c_ompressled to its ulti-
mate azimuth resolution, The length of the syntheﬁc aperture required to compress an
azimuth return was 's',hown in Equation (34) to be equal to 2,083 X 10-3 X Rs X number of
looks, where RS is the slant range to the tgrget in feet, A digitized data sample is taken
from the data film once for every 0, 826 ft of aircraft travel, The number of data points

contained in the synthetic aperture length, N, is given by.'
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N = 2,52 X 10“3 X Rq X number of looks (38)

where RS is in feet,

The azimuth compression filter function with which the prefiltered data will be correlated
will next be determined, ‘Consider an isolated point target at a slant range, RS. The
ground range to this target, Rg' is ’

R = (R_ +32.8XM£& , (39)
g  go ~

where Rgo is the ground rahge (in feet) to the near edge of the swz_ith being mapped, 32, 8
is the conversion factor from film scan to feet on the ground, and M is the number of the
range cell in which the target lies (M equaling zero for the first range cell), The slant
range and ground range are related by the equatxon

= [n? + RZ\I/Z' : | (40)

where h js the aircraft altitude,

As the aircraft flies past the point target, the phase of the return, ¢, is equal to

(41)

where Rs is the slant'raﬁge to the target, and A is the radar wavelength, The range R

may be expressed as
1/2 :
2
3s - IRso * le ' S (42)

where Rso is the slant range to the target when measured on a liné perpendicular to the
flightpath (i,e., at the p()iht closestto the aircraft), and X is the aldng-tfack displacement
of the aircraft from the pdint at which RS is ineas'uréd. As Réo >> X, Equation (42) may

be approximated as
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Rs ~ Rso * 2R (43)
so
with a high degree of acéuracy. Hence,
_ , )
47 X2 2nX :
® =3 [Rso " 2R ] = % TR ‘ (44) ,
so S0 :

where ¢0 is a constant,

To Equation (44), the azimuth offset frequency (shown previously to be PRF/4/1.1, where
the factor of 1,1 results fi'om the digitizing process) has been added. Thus, the azimuth

phase history of the signal presented to the azimuth compression filter is i
47 | (0 826n)2
¢ = ~ v 2r . (0,227n) + ¢o , (45)

z(h2 (R, + 32.&m)2)

where
L
n = azimuth sample number, n = 0 occurring at X = 0
0,227 = azimuth offset frequency in cycles per foot on the ground after digitizing
0,826 = distance between samples in feet,
The azimuth compression reference function (ACF) which will compress the point target
to the desired resolution is
ACF=amhq=cw¢+jsm¢ A (46)
The value of ¢0 for the reference is set to zero as it is an arbitrary constant, The value
of N has been determined in Equation (38), The value n in Equation (45) will be stepped
from -n/2 to N/2 for generation of the reference fuhction. The compression is performed L

by the complex convolution of the data and the reference function, although the data quad-

rature component is always zero, and hence no multiplication is performed with this term,
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The computed ACF will be weighted by a Taylor aperture function to reduce the azimuth
sidelobes, (Recall that the broadening of the mainlobe of the pompres_sed pulse has
already been compensated for by fhg factor. of 1..42 in the aperture length formula,
Equation (31),) The Taylor aperture function has only real, positive_coefficients.

The product of the weighting function and the ACF will result in a function

ACF, ionteq = A exp [w] S 4

where A(n)max = 1whenn = 0, -N/2 < n < N/2,

The output of the azimuth compression convolution will be generated having 7, 5-ft
spacings, or equivalently at one-ninth of the input data rate, This will reduce the data
rate and hence the number of calculations by a factor of nine, yet retains a sufficient

number of data samples td preserve the processed resolution after detection,

Detection of the compresséd data is accomplished by forming 12 + Q2 of the azimuth
processed image; i,e,, by squaring the real and quadrature components of the

data and then summihg' them, Detection produces information which contains only
magnitude information, the magnitude being proportional to the power of the return over

the aperture length from a point target,

To obtain two looks in azimuth, the ACF will be twice the length as that used for one-
look processing. The we‘ighting function is applied in the same manﬂer; however, twice
as many sample functioris are taken over the Taylor aperture function, The two looks
are formed after azimuth compression and detection by passing the data through a post-
detection filter, The postdetection filter's impulse response is equivalent to 30-ft
resolution, This filter is formed by summing four consecutive azimuth compression
filter outputs and dividing By four; i,e., . | 4

4
Eg, = 025 Z: EM), . o (48)
i=1 . _
For every output of the azimuth cbmpression filter, there will be one output of the post-
detection filter, |
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IFor the azimuth compression, it has been shown that the phase of the ACI varies with
range as shown in Equation (45), and that a new ACI* can be computed for each range
increment, Experience has shown, however; that satisfactory results may be achieved
even if the phase diffei'ence between the signal and the ACF varies‘by as much as

+22-1/2 degrees, Hence,

4R 2mxX
¢ A ¢o AR !
0
dde _ _21'rx22 4R =£' ,
o ar® °
)
. lL . K?\Ro
2 "SYN 4WA
Therefore,
2
2T KARO Kz?m T
T oaw ARE-TAR=4
AR A sW
A
2
2Wp 11,520

|ARI = ft o (49)

Kz)\ (number of looks)2

IFor one look, AR = 25760 ft; and for two looks, AR = 11440 ft,

REMOVAL OF IMAGE SKEW

Because of such factors as aircraft across-track motAion, antenna 'poihting errors, errors
in scanning the data from the film, etc,, the output data may be at a skew angle, The

skew is corrected by thev'image distortion correction program, -
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The skew removal is ac_*complishéd by a "zero data addition proéeduré. Irom the
geometry shown in Figufe 8, where ¢ is the skew angle, it is seen that the data must be
rotated to orient the da'ta's range vector with the vector perpendicular to the flightpath.
To accomplish this, déta points with -magnitudes of zero are inserted at near and far
range to form a rectangular data block, as illustrated in Figure 9, A (The all-zero

columns at near and far range are for computational convenience,)

The number of zeros added to each range return is given by the equatidn

NZ = NRG sin (jél) + 2 ’ ) (50)
where
NZ = the number lof zeros added for skew correction
NRG = the number of éround range sweeps |

|®#! = the absolute value of the skew angle,

The skew correction is ‘c‘a-léulated by

Y=AX +B , ' (51)
where |
Y = the corrected ground range
X = the along-tracl\;- distance relative to the patch beiﬁg dééke‘v#ed ‘
A= NI?IRZG * SIGN. (@)
B = 1 if SIGN (¢) is positive

NZ if SIGN (#) is negative,

Finally, it is noted that the number of zeros added to each range 'retufn must be an
integer, If the number of zeros added to the ith range return is IZi,';a_‘rx_i the number of

zeros added to the same return at far range is J Zi’ then
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Figure 9 - Format of Data after Skew Correction
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7o - i . . o
Zi = 1O Bl GunnED | (52)

JZ, = NZ - 1Z, . : (53)
The placement of the zeros is illustrated in Figure 10,

3. SCALE FACTOR CORRECTION

Upon completion of the azimuth compression, the output data sample points may be
spaced differently in range and azimuth, The image will COnsequently' appear distorted
because of the differing ré.nge and azimuth resolution, To compensate for this, a scale

factor correction may be necessary.

Scale factor correction is accomplished by linear interpolation on the azimuth data, For
example, assume that an azimuth sample was calculated every 12 féet, and that 30 feet
was desired between samples in both dimensions. Then, to achieve azimuth samples

spaced by 30 feet,

NRG
O00FT ++++1+++000
B F 72

47799

Flgure 10 - Placement of Zero Data Points }
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Y, =Y,

Y —lY +Y,)

2'4(3 4

' 54
Y3—Y6 (54)
etc,

It is observed that data points Y2 and Y_ are not utilized in the foregoing calculation.

5
Therefore, an increase in the processing rate is possible, because these points need

not be calculated,
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' SECTION IV - CONCLUSIONS

The results of the geometric distortion analysis ind-icate that the distortions in AN/APQ-102A
. imagery are primarily the result of navigation system errors that are external to the radar
system itself, These distortions can be rather high in magnitude (e. g , one percent), but
have a low spatial frequency. As such, it is a relatively simple task to measure and remove
the geometric distortion, Measurement is accomplished by compar'm:g.image distances
(obtained from a map) between known ground features with good distances, Using this tech-
nique, the residual distortions were under 100 meters, Computer programs to measure and

correct these distortions were delivered as part of the contract effort,

The major program effort consi_sted of generating a compufer program to digitally process
AN/APQ-102A phase history data, This program was checked out and '-v.a_'lidated at the
customer's facility—thus providing a capability of processing subsequent AN/APQ-102A
data without contractor support. .
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APPENDIX A
\
1

OO0 NN ONM ala!

alaNe]

200

c0l

PREC+9=75 PHOINT TARGET GFNERATER -
DIMENSIAN IDATA (8800)sMTR1(27)

SC.\:._E

BISse3l16
ALGFe+4342944819032
Pl1s3¢1415924535897
ALAVME 1022

pviseSeP1 /180
FPALs4o#PI/ALAVM
REWIND 2

CoNTTNUE

REAC S8,™TR1

PRINT 1CH

PRINT 102

PRINT 99,MTFR1

BUTPUT RECORPD | BN TAPE

CALL TAPE R1(MTR1)

CAZ CISTANCE PER AZIMUTH SAMPLE
CRG CISTANCE FER RANGE  SAMPLE
A2B8FS AZIMUTK BFFSET

HF ALTITUPE IN FEET
RA SANGE IN FEET
PHI0 PHASE ANGLE

READ 100sDA2,DRG,AZAFS
PRINT 103,DAZ,DRG,»AZBFS
REAC 1CCsHF,RA,FHIR
PRINT 104,HF,RkQ,PH]D
CONTINUE

M RG ELEMENT
N - AZ ELEMENT

ORIGINAL PAGE TS

OF POOR QUALITY| .
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198

199

NRE  NUMBER 8F RANGES

‘REAL 105sMsNHNRR

IF(NRB) 198, 198, 199
CONTINUFE - .
CALL EXIT r

-CANTINUE

PRINT 106,M)N,NRB
Ixsq

XM=V

Xt s\

RG LeoP

DM 202 [~=1,NKB ' | - @
Ce 2C3 1+1,380C -

INATA(1)sC

CeNTINUE

CALCLLATE AZ INPEX LIMITS

RS ESGRT (HF oHF 4 (RB+XMaDRG) 2 #2)

NAZeSIN(BW)sRS/CAZ
NAZ1sNeNAZ
NAZPSNENAZ

LIMIT INDICES

=

NAZ1SMAX(1,MAZY))

NAZPaMIN(NAZZ2,»17600)
PRINT 107,NAZ1,NA22

ENC BF R9AK KEEPING, DO THE CALCULATIBNS

UAZ'NAZI

. AN=eNA2

AAs «SsFPALSDA2DAZ/RS
BRseleeP]aAZAFS

PRINT 109:AA:EB

[ysC

. IF(NAZ1-88001208s2092209
. BUTPUT FIRST HALF BF AZ SWEEP
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€09

0n

CANTINUE

CCALL TAPEWZ2 (TDATA,IX,I1Y)
1y=RR2CO: ' '

JAZ3NAZ1-8800
CONTINUE
AZ LBOP

- DB 204 1AZ2sNAZ21,NAZR

[ala] [aN e} 0N

197

PHIs(AAsANSRR ) #AN+PH]B
TAKF C9S,ADD 81aAS -AND SCALE

" T=SCN«CRS(PHI)+R]S .
 CANVERT TRANSMISSION T8 DENsrTY;

D=ALGF#ALRG(]e/T)

NeWw SCALE T2 8 R]ITS

JCxNal2Re+5
IDATA(UAZ)Y=ID

59 18 197

PRINT 1CR,AN,PHI,T,0D,1D
CenTINUE

ANsSANG] .

L CAZe A2+l

00

[F(_AZ=RECQO)I2042204,205

y CENTINUL

BUTEUT WALF BF AZ SWEEP

‘ CALL TAPEW2(IDATALIX»1Y)

coé

204
210

Dh 2¢c6 1=1,8800

IDATA(])s0
CONTINUF
1Yy=s28C0O

JAZs]

CONTINUE
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C BUTFLT SECBND KHALF BF AZ SWEEP

CALL TAPEWZ(IDATA,1X,1Y)
IF(1Y)21E,2120211 .

212 CBMTINUE
1Y=28C0
L& 712 11,2800
INDATA(])=0

213 CANTINUF
Ge T8 210

11 CoONTINUE

Ix=1x+1
XMEXM4] 0
c02 CR~TINUE

ge 1A 201
98 FRRMAT(BCAL)
99 FRERMAT(6X80A1)
100 FRRVAT (BE1Qe4) ' _
101 FARMAT(éX14HPRBCRAM  975,20x30HGOBDYEAR AERASPACE CORPORATION,/)
102 FARNMAT(6X22HPBINT TARGET GENERATBR,/)
103 FORMAT(6XSHPAZ aE12+5,5XSHDRG sE12e5,5XSHAZOFS,EL125,/)
104 FHERMAT(6XSHKF ~ sF12e I:SXSHRO sF12¢1»5X5HPHIgF1263,7/)
105 FERMAT(1615) '
106 FEORMAT(6X23HM 417,5%,3KN 417,5X3HNRB,17,/)
107 FARMAT(6X2IHAZINMUTH SAMPLE LIMITS,21100/)
108 FHRMAT(4F12.4,15)
109 FBRVAT(ébuAA_!Ei?o606X“HEB sE12060/)

END
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SUBRBUTINE TAPEEL (MTR1)
DIMENSISN MTR1 (27) ‘
THIS RBUTINE 1S FAR WRITING RECARD 1 W | S S MAG TAPE

o
o FBRMAT (27 CHARACTERS)
C 27 CHARACTERS BF WHICH 20 BR 22 ARE NEEDED
WRITE TAPE 2, MTR1
RETURN :
END
SURRALTINE TAPEWR(IDATA,IX,1Y)
C THIS RIUTINE IS FAR BUTPUT T8 MAGNETIC
o TAPE FAR THF SECBND AND SUBSEOUENT RECORDS
DIMENSION IDATA(8800)
WRITE TAPE 2, IDATA
RETURN .
100 FER~A7(16,1x,4013)
RE TURN
END
GINAL: -
) P
¥ Poo o108 Iy
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AZIMUTH PROCESSING PROGRAM

( START )

5

[r 2 CARDS

INITIALIZATION,
CONSTANTS, TAPES
PLOTS, ETC.

'[' 1 CARD

2 CARDS

INITIALIZATION FOR
INTENSITY TO
TRANSMISSION TO
B1-POLAR ROUTINE

1

2 CARDS

INITIALIZATION FOR
AZ IMUTH PREFILTER
PROCESSING ROUTINE

INPUT
DATA

“my

PRECEDING PAGE BLANK NOT FILMEY

INITIALIZATION FOR
AZ IMUTH REFERENCE
FUNCTION GENERATOR
ROUTINE

—

AZIMUTH -
PREFILTER
CONVOLUTION

[ {

SCALE BY SHIFTING
DATA RIGHT n
(9) BITS

1

INITIALIZATION OF
IMUTH COMPRESSION

REFERENCE FUNCT{ON
FOR THIS RANGE

AZ IMUTH
COMPRESSION
CONVOLUTION

'

READ 1 SET
OF RANGE
© DATA

l

TRANSFORM DATA,
DENSITY TO TRANS-
MISSION TO BI-POLAR

|

WRITE 1 SET
OF PROCESSED
RANGE DATA

OUTPUT
DATA
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Card Input to the Azimuth Processing Program

Card |

Card 2
(2 values)

Card 3
(3 values)

Card &4
(3 values)

Card §
() value)

Card 6
(3 values)

Card 7
(3 values)

80 column description card.

N number of data points/record.
(Azimuth samples per range bin.)

NRG number of range bins to be processed.

SCL = density represented by a value of 255.
TMEAN = mean transmission for bipolar calculations.
SCL2 = second scale to convert to integer.

These are for Initialization of the Density to
Transmission to Bipolar Routine.

Typical Data: SCL = 2 or 3, TMEAN = .38, SCL2 = 64 or 128.

= number of looks, | or 2. o
K=K in COS[2PI K I/N], (see azimuth prefilter formula).
= number of bits in the quantized output.

PHIO = phase offset in degrees. (This is an arbitrary input.)

Cards 4 and 5 are for the azimuth prefilter. reference function
generator routine.

distance per azimuth sample in feet.

DAZ =
DRG = distance per range sample in feet. .
AZOFS = azimuth offset frequency in cycles/ft on ground.
HF = altitude in feet.
RO = range in feet.
PHI0 = phase angle in radians.

Cards 6 and 7 are for |n|tiallzat|on of the compressnon
reference generator routine.
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no AN

220
221

L Rvigg,,

MAIN LINE

DIMENSIAN IRP(44), JD(4S)
CIMENSIAN NM(20)s RR(44)

CIMEASION ID(17¢00)
CIFENSIAN KD(931)

DIMENSIEON ICR(930), 1CQ(930)

EGUIVALENCE (T0(1)5JD(44))
EGUIVALENCE (KC(931),1D(1))

N s 1760C

T3l

1732

TAPE 2 1IN, TAPE | BUY
CANTINUE

REWIND IT

REWING JT

NN & R0 CPL DISCRIPTIBN
REAT 29,NN

PRINT 101

PRINT 9R,NN

REAT 1002N»MRG

PRINT 102,N,NKG

NT 2N

K = C

CaLL CNTRBP (IC,»K)
CALL REFGFN (IR,NPR)

NL3RK s )

IF (NPR=22) 220, 220, P21
CeNTINUE

NLBBK » 2

CeNTINUE

¥ s «A\_PBK

CALL CMPREF (ICR,ICQ,M)

LABP BN RG

DRIGINAL PAGE 15
OF POOR QUALITY

FRACESSING BF [MAGERY
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MAX3Q
Co 201 MRG31,NRG
N. s NT
CALL TAPEIN (ID,NT)
K = N : .
CALL BNTRRP (ID,K) r
CALL PRINTD (IC,N) ’
 NP s\
CALL AZPRF (1D, 1RIN,NPR,»JDINP)
SHIFT DATA RY 9 BITS
DR.207 1 = 1s NF ‘ 4
JO(1) 8 UB(1)/512
207 CANTINUE

cae

CALL PRINTD (UD,NP)
CALL PLETD(JD,NP)

M a3 MRQG

CALL CMPREF (ICR,ICQ,M)

N s M -
CALL PRINTD (ICR,™) !
CALL FRINTD (ICG,M) =
NG s © | -

CALL AZCBMP (JUD,ICRSICQBINPLINRINSIKD)

N s NP/YS

GP TE (224,222), NLBOK

CexNTINJL

Tw3 B3k CALCULATIBNS

\'D ] r\'3

D8 223 | s 1, NP o

KC(1) 8 KO(1)+KD(1+1)+KD(1+2)+KD(]1+3)

CeNTINUE , .

N s NP

CeNTINUE

(,ﬂ
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CALL PRINTD (KD,N)

DR 2Cé 1sisN
IF(MAX=KD(]1))205,206,206
205 CEeNTINUE
VAX.KD(])
PRINT 104> NQtha”AX
205 CPNTINUE
NPs\+1i
OR 203 1sMP,NT
(1) sl
203 CONTINJUE
‘ CALL TAPFeuT(KD,NY)
€01 CONTINUE
CALL PLOTE (XC,N)
G6 TA 20C L
CALL PLATE (ID,x)
wRITE TAFE JUT, (JD(1),188,K)
98 FORMAT (6X20A4,/)
93 FRRVAT (20A4)
100 FBRMAT (8F10Qed) : ‘
101 FORMAT (36X35SHIMAGE PROCESSING GsAeCe PROG 9+75,//)
102 FARMAT(6X19-NUMBRER BF SAMPLES -:17:5X22HNUHBER 68F RANGE BINS =17
1,7)
104 FORMAT (110,2%1C19)
END _

ORIGINAL PAGE I3
OF POOR QU
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OoOMNoO

aNalaslainka

200

SUBRBUTINE DNTRRP (1D,M)
DENSITY T® TRANSMISSIAN T8 Bl PRLAR

DIMENSIAN ID(176C0)
DIMENSIAN JD(256)

IF(~) 20C» 200, 210
CANTINUE

sScL 2 DENSITY REPRESENTED BY A VALUE BF 255

TMEAN = MEAN TRANSMISSIEN FBR BIPBLAR CALCULATIBNS
SCL2 = SECPND SCALF T8 CONVERT T8 INTEGER -

TYFICAL DATAS! SCLs2 BR 3» TMEAN=.38, SCi2+64 B8R 128

REAT 100+ SCL, TMEAN, SCL2
PRINTY 101

PRINT 102, SCL, TMEAN, SCL2
PRIKNT 103,

SCL » SCL/2S56.

DR P2C1 1 = 1, 2€e¢

< 1-1

X K .

X xX=SCL .

X 1Coenw{=X)

X s X=TMEAN

JD(T) =& X & SCLP?

PRINT 104, ¥, JD(T1)Y

CoT INUE

RETURN

3

CANT INUE
N s M

BIAS = O

0H 211 1 = 1, N

213

K s JC(I)+1

[F(K)y 212, 212, 213
CANTINUE

[F(K=255) 214, P14, 212
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eia

- PRINT 10%,

214

211

100
101
102
- 103
104
105
106

FBRVMAT

CANTINUE

CONTINUE
ID(I)Y s JD(K)
X s 1C(1)

Bl1aS = [31AS+X
CRNTINUE

X = N

BIAS s RIAS/X
PRINT 106,
RETULRN
FaRrMAT (8F1Ce4)
FERVMAT
FRRMAT
FERMAT
FORAMAT
FRARMAT
END

(6X33Huwe

I0(

=1AS

INPUT DATA 9UT BF RANGE

#eus15)

(6X31HAVERAGE RJAS FBR THIS RANGE WAS,F10e+4)

(77777:6X40HDENSITY TO TRANSMISSIGN T8 Bl POLAR DATA,/)
(EX)SHSCL - -;FlOo#JQXSHTMFANpFioohaSXSHSCLE-oFlooﬁn/)
(25X7HDATA IN, 10X6KRESULT, /)
(25x15,1¢cx18)
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ONOn

OO OOO0ONnNn

SUBKBLTINE BEFGFN (IRsN)
AZIMLTH PREFILTER REFERENCE FUNCTIBN GENERATOR
TWH CATA CARDS QEAUIRED

DIMENSIBN IR(44)
CIMENSIBN RR(44)

\NLBAK MNUMESER aF LABKS
K = K IN CBS(2P1 K I/N)
NE = NUMEEK AF BITS IN THE GUANTIZED BUTPUT

PHIA® = PHASE BFFSET

F1 = 3¢1415926535897
REAC 103, NLBBK, K, NB
PRINT 104, NLeEW, Ks NB
REAT 100, PHIB

PRINT 105, PKI1B

SC = (2enaNE)ei,

Noes 227

GB TA (2C1,2C2), NLABK
CRLUTINUE

N 8 44

CONTINUF

X, s N\

PRINT 106

XMIN 3 Co

XMAY 3 *, =1

A s &Co

B 3 €&

X 8 Co

CALL TAYLEBR (XMIN,XMAX»A)NBsyXsWTN,0)
OA 203 I = 15 N '
A= (le])axK

A 2 ZenPloA/XNSPHIBD

X 3 Je}

CALL TAYLER (XMIN:XMAX:A)NB:X:NTN;l)
RR(I) = WTN#CRS(A)

PUUECQdAGEIS

ALty

B-10
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op

203

106
107

CANTINUE

PUT AMPLITUTE WFGHTING HERE

DR 2C4 .1 = 1» N
FS 8 o5
IF(RR(Iy) 205, 205, 206
CANTINYE :

P & =8
CaNTIANUE

IR(T)

a RF(1)eSCePS

PRINT 107,15 1R(1)
CaNTINUFE

RFE.TURN
FRARMAT
FARVAT
FORMAT
FARMAT

(FEIC'.A)
(1615)

(EX7HNLBEK .25 13,5X3HK «,13,5X4HNB s13,7/)

(6X7HPHIA

8sF100e4,/)

FORMAT (//,6X9HRFFERENCE, 10X1HI, 10X1HR,/)
FQRVAT(15X2111)

END

Qammvl

1%%%?;IMG¥?E9

/

B-11
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SUBFALTINE AZPRF (10, {RsN,NPR, JDsNP)
C AZIMUTH PREFILTFR WALLBPS DATA

DIMENSIEN IR(44), JD(45) ’
CIMENSION ID(17600)

. NPaN=NPR
LA 2CZ 1s1sNP
1S=C
08 2C3 Jsi,NPR
K o= Jegel
~ 1S=1D(K)®#TIR(J)+]S
203 CONTINUE
SN EGBE RS
€02 CBNTINUE
~ RETURN
CEND

OF Pogp +TAGH Iy

B-12

P
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N

aXakakaZal

OO0 NOOO 000N 0

200

SUBRBUTINE CMPREF (IR, I M)

CAMERESSIOAN REFFRENCE GENERATOR

DIMENSIAN IR(Q30),1N(93C)

M 3 -1 AR .2 FER INITIALIZATION  ABS(M) = NLBBKS

M ORETURMNED AS NUMRER OF POINTS IN THE REF

T1F (M) 20C, 21C, 210

CANTINUE

Pl = 3¢1415926535897
ALAVM = 01022

NA e 30

SKhF & oRR

THF = 1e42

XK = SNFeTWF

XLO9x s JARS(VM)

FPAL =3 4osPl/plaM

Daz CISTANCE PER A2IMUTH SAMPLE
DRG DISTANCF PER RAMGE SAMPLE
AZBFS = AZIMUTHK BFFSET

HF ALTITUDE IN FEET
RA = RANGE IN FEETY
PHI® . FHASE ANGLE

\DBC = DB DPWA FAR TAYLER WEIGHTING (40)
NEAR s NRAR FHR TAYLOR WEIGHTING (6)

NEITS & AUM3SEW aF BITS IN REF FUNCTIGNS 6278

REAC 100, DAZ, TRG, AZBOFS
PRINT 103» DAZ, DRG, AZBFS
REAC 100+ HF,» RB, PHIOD
PRINT 104, HF, RO, PHIB
NOBC s 40 .

NBAR = ¢

ORIGINAL PAGE IS
OF POOR QUALITY,

B-13
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201
21c

103

106

NE]TS = R '

PRINT 108, NTRD, NBAR, NBITS
chi) = N\NDBRD

SC = (2e%¥NRITS)mls

PM 2 oSeXKeAlLAM/(WASDAZ)

FN = PN«#«XLLOBRK

CANT INUE

RETURN

CANTINUF

xXv = M

A% 2 SERT(HF #HF+ (RO+XMaDRG)#s2)
NAZ 3 RS#PN/2e.+,5

AL = eNAZ

N &8 NAZ+NAZ4+]

M = N

XMIN 3 =NA2

XMAX = MAZ :

AA = «S«FPAL#NA7«CAZ/RS

BR = «2+%FP]«A793FS

FRINT 106, AA» RB

CALL TAVLER (XxMIN,XxMAX,DBD,NBAR,AN,; AMP,0Q)
A 211 1 = 1, N

CALL TAYLER (XMIN,XMAX,DBD,NBAR,AN, AMP, 1)
FHi] = (AA®A* +RR)#AN+PHIS

AN = AN#io

R 8 AMP#SCaCPS(PHT)

3 = AMPsSCaSIN(PHI)

Ie(l) = K

IC(1) = G

CenNTINyE

KETURN

FRRMAT (&F1Ce4)

FERMAT (110,4F1746,2110)
FORNMAT(1615)

FBRMAT (€6X5%DAZ #+E12¢5,5X5H4DRG llEia'SISXSHAZGFSIE12°51/)
FERVYAT (€XSHHF  8sF12¢125X5HRO  #,F12¢1,5X5HPHINS,F12+3,/)

FORMAT (EX6HNDRD s,15,5X6HNBAR s,15, 5X6HNBXTS',!5 /)

FERMAT (EX4HAA «)E12e 5,5X4HBB ..512.5:/)
END

I"pOQgLLRAQE

B-14
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aleXalaNalnEaXala

201

SURRALTINE AZCEBMP (1D IR»IQsNLNRINS,UD)
AZIMUTH CEMFRESSIAN FILTER

DIMENSIAN 1P (17600)

DIMENSIAN JUD(45)

DIMENSION [IR(93Cc),I1G(930)

N = ANUMBFR 8F PAINTS IN THE DATA

NR = NUMPER BF PBINTS IN THE REFERENCE

NS = NUMBER BF PB!NTS FROM BUTPUT SAHPLE T8 NEXT BUTPUT SAMPLE

ID IS DATA

IS eUTPUT '
IQ IS REAL REF CHANNEL
IG 1S GQUAD REF CHANNEL

N
K .
°9 20C 1 s 1s N, NS
ISR = ] i

186G s 0

DR 201 J = 1, NP

L s J+l=]

wR = IQ(J)'ID(L)/256
“C = I3(L)eIC(L)/256
[SR & [SR+JUR

[ST 3 [5G+t
CANTINUE '

KK = 128

KK & 64 _

1S53 = [SG/KK

ISR s [SR/KK

1S = ISP'ISF¢1SFOISQ

=NR

-7

JD(x)slS
< 8 Ko}
CeNTINJUE
RETURN
END
INAL p

B-15
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O OO OO OO0

i1

10

SUBRRLTINE TAYLPRR (XMINs»XMAX,A»NB,XsANS,»JBB)
THIS SUaRAUTINE CALCULATES THE TAYLBR APERTURE
XMIN XMAXeXMIN = RAMGF BF APERTURE"

XMAX :
A = DB DPWN SF FIRST SIDELSBE IN TAYLBR ANTENNA PATTERN
NR = N=PAR (TAYLAR'S CANSTANT) 4
X s VALUF AT WHICH BNE PBINT 8F APERTURE IS WANTED
ANS = THE RETURNED ANSWER
J8B e 0 THIS IS A NEW XMIN,XMAX,A AND NB DATA SEgY
t 3

E
1  USp PRgVIAUS XMIN,XMAXsA AND NB DATA CALCULATIONS

CIMENSIeN FL20), C(10)s FF(2)
EQUIVALENCE (FF(2),F (1))

IF(.RB) 11, 11, 12
CANTINUF

B a XMAX=XMIN-

Pl = 2+41415926535897
TPI s ZOCFI

E(O) 35 1 x

e 101 = 1, PO

ARG s ] ;

F(ly = F{l=1)+ARG

CINT INUE _ _
AA = 10e%e(ABS(A)/200)
CALL ARCEBSH (AA,ETA)
AA = ETA/P]

AZ = AAwAA

ENB 3 NG

NRM = NRey

S1G 3 ENB/SORT(A2+(ENReeS)na?2)
DA 20 N s {1, NBp

EN = N .

EN2 = ENeEN

S = 1.

Ce 30 M s 1, NgV .-

EM o M '

IM o SIG*SORT(AZ+(EMeeS)ua?)
S s Se(qeeENp/(ZMeZM))

B-16 -
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30 rONTI?\UE

C(N) = .F(FQM).F(NRM)/(F(NBMoN).F(NBM-N))
20 C“NTINLE
12 CANTINUE

F a (X= xPXh)/D-TPX-PX

ANS = (o

Cr 4C N = {, tiBM

EN o= N

ANS & ANS+CIN)SCBS(FENaP)
40 CENTINUE :

ANG 8 led4le0Alg

PRINT 1CC» A, NB.
PRINT 103» AA, SIG
PRINT 101, *5 C(N)
PRINT 102
100 FPRMAT (EX17KSURRAUTINE TAYLSBR, ,/S5X17HFIRST SIDELBBE = .F6-1:
1 3H DE,ic¥8HN=BAR s ,12,//10X12HCBEFFJCIENTS)
101 FQORMAT (5!!% SXF15.8)
102 FBRMAT (1KH1)
103 FARNMAT (18x2HAA.17x3HSIGo/2(5xE15-8)oI)
END

ORIGINAL PAGB IR
OF POOR QUALITY -

B-17
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SUBRJUT INE ARCGSH (UsA)

U2 = LaU
IF(L2=1e) 11, 11, 12
12 CPANTINUE -
A s ALOG(U4SGRT(UR=14))
RETURN '
11 CANTINUE
A x Qo
PRINT 101
RETLRN
101 FPRMAT (1HO,5XS6Hess TAKING ARCPASH BF A NUMBER LESS THAN { IMPBSSI
1BLE #we,/)
END

CMHC
op pog’;eu » .

B-18
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1. J0JBLE PRECISICN EX(512),EY(512)
2e DI~ENSION IBUF11J00)
I DOUBLE PRECISION X15121,Y1512)sP1512)241812)2AsB,CsEI1812)sD,Fs00%4
LX) 110512)10msALsA3202+835408, VoV3isAJ120)sXE(SL12)2YEISLI2)sClaYLH
L 2512} _
6 DI“ENSION AA(L6),AALI20)sAA2(20),AA3120)1,AA8(201,NEL20)12CAL20)sCB1
7e 12
8¢ C14ESICN ALPHMAL2,512)
9 CO“™aN NyPYIN I 2vINsSIPLT,SCEROR

10 C X anNZ Y ARE Twg TRACC AND RANGE COORDINATES ON THE IMAGERY;

11 < QESPECTIVELYe R AND S ARE THE MAP POINTS AND SHOULD BE WITHIN B
120 c CEGREES JF TwE 1AJERY POINTSen] AND N2 SHOULD LIE APPROXIMATELY
13, c IN TwE TRACK DISRECTION wlTrH Ni TO THE LEFT OF N2

1e. CALL PLOTS(IBUFLL0CI,7)

15, c PLOT TaPE GN 183

16 REAC(1,55)AA1,2A204A3,AA0

17. 85 FOAT(20As)

18. 25 READI14LININL I 2sAA

19. 1 FCRMAT(3I5,16A0)

20 IFIN)22420,30

21 32 CONTINGE

2e» C SCALE CF PLOT aNO SCALE OF ERRORS

23 READ(1,3)SCPLT,SCERDIR

2ae DO 2 Iei,N .

25 READ(1,211) P(I1,311)

26 211 FOR¥aAT(IFL0e2)

27, 2 READI1,3a0SIX(I)sY I ,ALPHALL L) saLPHALRsT)

28 c

29 [«

30, d C~a\3E FORwAT CARD

3. - 3 FO*aATI2F303)

32 88 FOR¥aT(2F1043,40,A0)

33 c ROTATICSN OF *a® SECTION

36 ASDATANI{YIN2)AYINI)IZUIX(IN2)IOXINL)))

35 BeOATANIIGIN2I®IINL))IZIPIN2)aP(NG)))

" 36 Amael

37 1003 T T VY

38 ACEG®S702957884

39. D2 & lei, N

40 et )

4l P{l)eP(])80C0SI*A)*(]1)8DSINI=A)

02 o SUI1eC(])®(DCOSteA))eBa(DEINI=A))

43 CaLl LSFILINIY,X03,PsA,B)

a4 DI 5 lei,n

L3-1 S Etl)eAsY{])eBesi])

L CaLl LSFILsNIPIYEL304,B)

47 AsDATAN(A)

48 ADEG®ADEQ*57.2957844

49 wWRITE(3,800)4DEQ : .

50 800 FORMAT(IXs'ANGULAR RDTATION @',F10e4, ' DEQGREES')

Sis DO 6 le 3an. ) .

52. BeP (1) .

53, PI11eP{118(DCOSI=A))eQ(I)8(DSINI®A))
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19:35 APR 03,178

See 6 Cl111eJt1120C0St=a)=RsDSINI=A)

550 c PLOT SCaLING SECTIONV

Y- PUINelQ.ELD

57 S*lus1DeELD

58 03 269 lelusN

59 IFIPI1)elLTePMIVIPMINEPI])

60 200 IF(Z(IIeLToQMINIQUINNQI])

61 CALL PLOT(Oe,80se3]

62 CALL LSFULINYIX2QsPaAyB)

63 Alea

boo 1305 BY=3

650 AlLeg .

66 ¢ CALL LSF(3IINIX2YsPs3,4A,8)

670 c TE“PORARY SECTION TO “EASURE IMAGERY DISTORTION AFTER CORRECT ALIGNMENT
68 A2e({Aalea)/2:

69> CO S1 1misN

70 x1(j)magsxi])

71 54 Yi(l)ma2sYI(])

72 438D

73 Awe),

oo S0 852 l=14N

75 A3ma3exitllept])

76 52 Acmdecsvli{l)ngt])

77 A3mA3/N

78 Leman/"

79 0C 83 IsisN

80 X1(l)ex3i{lieal

81l 53 Yitlrayi(llean

82 CALL "CPIX1aY10PsQaNIAQGIVIVIIVESXESYESCIsNM)
83e . «Ln()

Bao wALTE(3I2561 a0

85 56 FCRYMATIINL//7/720%020A8777)

86 CaLl EPLOTIP,)QIXEIYEIEXIEYIAALSAN)
87 GJ TO Sé

88 57 CONTINUE

89 DI 75 JeisN

9o xXit(l)masx(])

91 79 YillimageY(])

92 AdeDo,

93 Ade),

9ae 03 7L5 leluN

95 Adealexi(]leP(])

96 705 aesaseyi(limg(I)

97 A3mA3/N

98 AbmAa/N

9. DO 710 leisN
10C. X1(1)exi(l)mal
a0l 742 Yiilimvi(l)aae .

102 CALL MCPIXL,YSsPsBINIAGIVIVIIVEIXESITYELCIIM)
103 WRITE(3,56)aA2 , '
10%¢ CALL EPLOT(PIQsXEsYEIEXIEYIAAR,)AA)
105 GO TO Se : L
106 67 CONTINUE
— )
JRIGINAL PAGE IS

oF POOR QUm c-4
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107
108+
109
110
113
112
313
ilee
1150
116
117
118
119
12G+
1250
122
123
126

12

125 1006

126
127
128
129
13C
131
132
133
134 4
135
136
137
138
139
140
16l
142
143
X X
185,
146
167,
148
169
150
151
152
153,
156,
155,
156+
157,
158,
159.

ORIGINAL, PAGH zs |
OF PooRr ‘QILAIJEEYi

13
16

14

N

72

73

68

76

19135 APR 03,'78
C=,(C0S ’
bl Je X3
CO 7 1si,n
El{l)easx(l)ep=rt])
Om>eDABSIEL]))
ALe(C
FamJa
CJ 8 lsi,N
Xi{llex(IleaLsY(])
CALL LSF(laNsIX12Y2Ps23:As8)
€T 9 Tei )N
FeFelA3S(ASX (] )eB=P(]))
1FIFedI110112188
ALweal
Leeg
A mAaLoC

.00 12 lsisN

Xjt)extgieaLsy(])
BXeg
CaLL LSF(LoNIX10Y2P230As0B)
LN
00 13 leisN
GeGeza3S (A (I)eBeP(]))
IF(GeF 116086010
Faj
S TC 1y
ALwAlL=(C
TEvPIRaRY SECTION 2

‘Aenl,

aAdel,

CO 71 leian
Yiil)ea2sY!])
Xitl1ea2eX(]}
X1ilrexitl)reaLoyYit])
DO 72 IsisnN
A3ea3exii(l)ieP(])
Assaneyi(l)eaQ(])?
Adea3/N

Abdmpa/N

S0 73 leiaN
xlillexi{l)eald
Yitliavi(Jreas

CALL “CP(X1,Y1,Ps0sNIABIVIVY,VEIXESNYES

nRITEL3,56)AA3

CALL EPLOTIPIO/XEAYELEXSEY2AATsAA)

GO 70 s

CONTINUE

D0 74 leisnN

X3 {J)eax{IlealosYi])
Xit3)eaexi(])
Yi(fimagaY(])
AdaQoe

Aba(,

;toﬂ)
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16Cs
161
162
163,
164
165
166
167
168
169
172
171«
172
173
1760
175
176
177
178
179
L8C
i8le
182
1683
18e.
185
186
i67
.18k
189
19C»
191
192+
193,
194,
195
196
197
198
199
200
204
202
2C3.»
0@
205
206

19:3% APR 03,'75
CO 713 IsmiunN
A3ealexi(l)ep(l)
713 asedsevi(lla3tl)
Admad/n
Aesan/\
cQ 714 lsi,N
Xi{1)ex3{]l)ead
716 Yi(I)eYi(]l)lwan
CaLl ~CP(X1aY10PsQsNIAGIVIVIAVEIXELYESCEIIM)
nRITE(320561AAN
CALL EPLOTIP,GsXEsYEIEXIEY2AAN AAN)
30 TS 5
69 CONTINGE
s ms s (®57:2961
C SCALE CARDS 30 HERE
wRITE!3,35)AA
wRITE(3,15)a0A0,AL )
15 FLIvaAT(10X,'THE TRAZK DIRECTION SCALE FACTOR 18 1:'sF1244s' , THE
1RANGE DIRECTION'//12Xs'SCALE FACTOR IS8 1'!,sz.~,'- TWE SHEAR 8§ !
2,F6+2,' DEGREES'///)
35 FOSaAT{10X,16A0}
GC Tz 25
23 CONTINGE
c STANCARD wRITE SECTION
3C YZ 7?8
Sh KXwueY -
~RITE(3,58)
S8 FCRvATI28X, 'TA4LE I = RESIOUAL ERRORS'//17Xs 'POINT NUMBER'»10Xs'TR
1aC< ERQJR'HICXS'RANJE ERROR'//)
uQXTE(3:60)(XlXE(II:VE(1)JALPMA(loI)JALFHA(EoIiJI-llN)
60 FOIVATIIBXs13,10X0F1002,11%X,F100200XsA00A08)
LTS ol '
SU¥YeQoe
CO 231 I=1sN
Su~eSUvexE(l)exE(])
21 SUMYSSUMYSYELIISYE(]) .
SUMYRSUMY/N .
SuvasU4/N
SUMeSART(SuM)
SUVYeSIRTISYMY)
wRITEL3,22)8UMsSUMY
22 FORMATISXs'X VARIANZE ® ',F10s4s'Y VARJANCE -'.r;oo~)
B0 T0(87,67,68,69,75),KK
7% CONTINUE
CALL PLOTI(12¢0,000999)
CALL EXIT
END

™
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. . 19:35 APR 03,'78
1 SUANSUTINE LSFIJsMsXsYsPs0sAsbB)

X QEAL®S X(1),Y(1)0,P11),0(3)064RITHUSIASD
3. c T=15 SECTION DOES A LEAST SQUARES FIT OF M POINTS, STARTING FROM
oo c TeE JTw GOINT IN X AND P .
5e Ko joveal
6 A®D,
7 S»le
B Re{
9 (LT}
1Co TeleG .
11 LsJe0
12 D2 § 1e ,X
13 SeSextil)
l1as ReleP(]}
15, TSTex{l)exi])
160 1 usyex(lisPi])
17 Av{yas{{SaR) /™)) /(Te{(58S)/M))
18 Be(ReAsS)/M
19 RETURN
20 END
SRIGIy 4y,
Ty
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19135 APR 03,'75
1e SCARCUTINE EPLUTIP,) JiXESYEIEXIEYsAAAsAA)
X CCUBLE PRECISION PULI w3 aXEIS Yo YELS)PEXIL)IEYLY)
3 CI~ENSICNY AAA(L)sAn0(Y)
LX] CIvwln NpPYIN, 4¥INISCOLT,SCEROR
Se CaLl SY™3CLI(Ce,004,010,A0A,90,80)
6 X~*ax8de
7 CALL PLOTLI18,000231)
8 CC 1 lei,h
9 XxPaGEs({P{]l)1ePMINI/SCOLTY
1Ce YPaGEm(S(l)aGMIN)/SCOLT r
11 1F IXPABE+GTax"AX IR AXeXPAGE ’
12+ CALL SYY3CLIXPABEsY2ABES 07,3400, m4)
13 XPaLEexPasGE=XE{]l)/SCERQOR
140 IF(XPAZE¢GTexMaX)X"AXoXPAGE
15, YPAQE®YRABE=YE(])/SCEROR
16 1 CALL SYMBOL(XPAGEIYPAGEL+07,1,00,22)
17 XPAGEeXPAGE++S
18, ILIMexPaGE
19 XPAGESILIMeS
20 CALL SYMBOLI(8:000,1¢4,01400AA2900,60)
2l XPAQGE®sXPAGE®12 14
22+ CALL PLOT(XPAGEsOe, 3]
23 RETURN
Y

3
e
Je
LX)
B
6
T e
8¢
S
10
11
12
13
14
15
16

END

1

1913% APR 03,78
SUCARIZUTINE MCPIX{2Y1,PIQsNIAGIVIVLIIVEIXEIYESICLIM)
REAL#B ‘1‘1)171(1)Io‘l)I°|1)I‘Q‘I’IVE'I’IV)VilXE‘I)lYE‘l)
TeIS S.E8RCUTINE COMPUTEG TME WMIBTOGRAM OF THWE LENQTH OIFFERENCES BETWEEN
T=E RACAR AND ~aP PJINTEs AS wELL A8 THE ABSOLUTE ERRORS AND CEP(CY)
CC 3 1=31,20
aGt{l1eC,
03 & [si,N
XE(1exi(lreP(])
YE(T)evi(]reQ(])
CO S Isi,N
AGL3)eaB(3)eDABSIXE(]))
AG(2)8AQ(2)eDABSIYE(D))
AG(LImAG(LI/N
AGL2)®AG(2)/N
RETURN

END ' : S ' " o lz
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APPENDIX D GERA -2089
IMAGE DISTORTION CORRECTION PROGRAM
( stawr )
INITIAL IZAT ION ? CORRECT DATA
CONSTANTS, BY SCALING IN
2 CARDS TAPES, ETC. AZIMUTH DIRECT ION
CALCULATE SKEW AMPL ITUDE WEIGHT
CORRECT ION FOR THIS RANGE 1F
INDEX 'S ANTENNA PATTERN
ERRORS ARE KNOWN
4/4L\ 1 ,
WRITE | SET 0UTPUT
READ | SET OF PROCESSED
— RANGE DATA TAPE

OF RANGE DATA

4

TRANSFORM DATA
FROM INTENSITY
TO DENSITY

SHIFT DATA

FOR SKEW
CORRECT ION

L

PRECEDING PAGEI. BLANK M

P-3
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Card input to the Image Distortion Correction program.

Card 1 1N

' = Tape unit input.
(4 values) ITO = Tape unit output.
NAZ = Number of azimuth samples per record.
NRG = Number of range elements.
Card 2 - SAZ = Azimuth scale.
(3 values) . SRG = Range scale.
SKEW =

Skew or shear angle in degrees.

=
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c MAIN LINE PART TW9 INTENSITY T8 DENSITY,
C SkEw REVOVE ROUTINE, SCALE IN AZIMUTH, AND wsxsuT IN RANGE
o

DIMENSION ID(21CO)
DIMENSIAN NN(20)
CIMENSIAN UD(21CO)

Pl s 3¢1415926535897
200 CANTINUE

RE AD 99, NN

PRINT 191

PRINT 102

FPEINT 9R, NP

[TN  TAPE UMIT INPUT

172 TAPE UMNIT PUTPUT

NAZ  NUMPER BF a21MUTH SAMPLES PER RECERD
NKG  ANUMEER BF RANGE FLEMENTS

OO0

REAT 103, ITN, 179, NAZ, NRG
PRINT 104, ITN, 178, NAZ, NRG

547 AZ1MUTKE SCALE
SRG RANGE SCALE
SW“Ea SKEw OR. SHEAR AMGLE

aEaNaXalp

READ 10“: SaZ, SRG, SKEW
PRINT 17%, SA7Z, SRG, SKEW
REWING 1TP .

RewlINC 1TH

RATI6 &« SAZ/SKG

AZN s Na?Z

AIN = AZMNSRATIS

RGN = NKG

N2 = ABS(FGM#SIN(SKEW*P1/1804))
NAZF & AN

NAZP 3 NAZP+N?

gRsnZ

AASANKRG

QR[
iﬂéaNALuﬂdag

OQR'QHALQHV

D=5"
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220

21

223

AAzTR/AA
IF(SKEW)Z20,22C,221
CaNTINUT

Bfialoe

AAa=AA

CANTINUF

CALL INTCEN (10,~1)

N2 = NZ2+2

AME AN TACH SIDF ALWAYS
D& 2C1 IRG = 1, NRG
REAT TAPE 1TN, (1D(K)»Ksi,NAZ)
CALL INTDEN(ID,NAZ)
XIRGe]lRG

12240 X]RG+RB++E

12 = vAX(1Z,14)

JIsnZl=12Z

Kel

ca 222 1l1s1,12

JN(«)s0

KexKal

CANTINUE

CH 223 1la1sNAZ
SO =IDTD)
K=K+l

CAMTINUE

Ca 224 11=1,.2
JN{x)as0

KeKk+1

CANTINUE
r\-h&z*.\‘,’_

-CALL FILL(JN, IDIN,RATIO)

CaLL RGWET (1D, 1IRG,N)

WRITE TAPE 178, (ID(K),Kel,N)
N s MIN(130,N)

PRINT 106, (IN(K)sK=lsN)
CONTINUE

EXND FILE 17e

REWIND 178

PRINT 134

&

e
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3%

99
100
101
102
103
104

105

106
134

GF T8 26C

FARVAT (6X2CA4s/)

FHRMAT (2CA4)

FARVMAT (2F 1064

FARMAT(E£X14MFPRBNMRAM. 9=75,20X30HGBODYEAR AERBSPACE CBRPORATIBN,/)
FERMAT (E6X33RSKEW CPRRECTION AND SCALE PRBGRAM,/)

FARMAT(1615)

FERMAT(EXIO0ORINPLT TAPE,15,/6X11HBUTPUT TAPE, l4s/

1 6X28HNUMRER BF AZIMUTH SAMPLES 1S, 15,/6X27KNUMBER BF RANGE ELEMEN
27S 1Ssl627) :

FRRVMAT (AX8HAZ SCALE,F12¢1,5X8HRG SCALE F12¢1s5X10HSKEW ANGLE F{2¢5

10/7)

FARMAT (1x,13¢C!1)
FRRMAT (1K1Y
END

ORr1p , _
o PO%%%{;AGE@. N
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NoONOONOON

202

SUBRAUTINE

ID 1S THE
JO 15 TwE
N IS THE
K 18 TwnE

N WILL RE

DIMENS BN
CIMEANSION
s 1
£ 1o
N2 N
v = 2
CHNTINUE
IF(x=xN) 2
CANTINUE
XJ =3 o
[F(Y=-xJ) P
CANTINyYE
v = Ju+l
SR 1A 201
CENTINUC
oY s DY)
Y = 1C(W)
Y B Y=DYa(
IF(Y) 20%.,
CAONTINYF
JO(I) a Y-
G? T8 207
CENTINULC
JO(1) s Yo
CANTINUE
X ® X+R
I s 1«1
GR TR 230

M X e

CHNTINUE
N s Jet
RE TURN
END

FILL (1D,JD,N,yR)

INPUT ARRAY

QUTPUT ARRAY

NUMRER 9F PBINTS IN THE INPUT ARRAY
INCKEMENT RATIB

RETURNED AS THE NUMBER 6F BUTPUT PBINTS

In(21c0)
JC(2100)

01, 2C1, 202

C3» 203, 2C4

“1D(J=-1)

XJ=X)
205, 206
5

5

- D-8

1
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an

NnNOOon

SUASAUTINE INTCEN (1D,M)
INTENSITY T8 PENSITY

DIMENSINN IN(21C0)
DIMENSION JF(256)

IF SCALE 1S NAT KNBWN USE MseN FOK FIRST CALL
IF(¥) 2¢Cr P10, 210

CaNTINYS

N s ABS(M)

x & IC(1)

A G111 = 2, N

K # MAX(K,IT (1))

CHANTINUE
<15 = INTENSITY SCALBR USE 0 IF THE SCALE IS NBT KNBWN
K™% = DENSITY SCALBR USE 128 FBR D=2

REAT 103 KIS, wDS
IF(k1S) 202, 207, 203
CONTINUE

K19 = Kabdh

ConTINUE

PRINT 1902, w1S,xkDS

ALGF = 1e/ALAG(Z5S)

X5 2 KDS .

Z9 2C4 1 = 1, 256

X & ]

C » ALGF*ALBG(X)

JN{l) s DeXS+,5
: YI(DJY »1 ,301 TNIRP

JNDI1) = R

CeENTINUE

RETURN

CRANTINUE
ce 2111 = 1, VM
X o ID(1Y/KTS

K = MIN(XK2256)
K = NAX(1,K)
Int1Y = D(X)

€11 CANTINUE

RETURN

102 FERMAT (6XSHKIS =s18s 10XSHKDS ,1104/)
103 FERMAT (8110
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SUBRRALTINE RGWCT (1D, M,N)

C
C RANTE AL IGHTING F9R VFRTICAL ANTENNA PATTERN CORRECTION
C ¥ a KANGE BIN "~
c NEG M FOOR IMNITIALIZATION IF REGUIRED
C _
CIMENSIEN IC(21C0O)
C

[FtrvY)y 20C, 201, 201

c00 CANTINULE
RETULRN

€0l CANTINUE ' (54
RETURN -

C PUT wEIGHTING HERF
c02 CONTINUE

RETLRN
END

ORIGINAL PAGE IS | L
OF POOR QUALITY]

D~10





