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SURVEILLANCE RADAR DETECTION (SURDET) PROGRAM

INTRODUCTION

The Radar Analysis Staff of the Naval Research Laboratory has previously developed
the Surveillance Radar Systems Evaluation Model (SURSEM) [1] for evaluating radar sys-
tems. SURSEM produces radar single-scan and cumulative probability-of-detection values as
a function of target range and orientation. The radar operates within a specified scenario,
defined by the user to include the target to be detected, up to nine additional sources of
jamming radiation, and an optional environment of wind, rain, and multipath propagation.

Future radars will use automatic detection and tracking systems; consequently prob-
ability-of-detection values are insufficient for evaluating system performance. For instance,
in a scenario involving a target raid, questions arise as to whether the multiple targets can be
resolved, how accurate the position estimates are, and whether the correct tracks can be
initiated. To solve some of these problems, SURSEM was modified into a Monte-Carlo
simulation that produces target detections and estimates of position. This Monte-Carlo pro-
gram, called the Surveillance Radar Detection (SURDET) Program, can be used as the input
for the Multiple Radar Integrated Tracking (MERIT) program [2] to solve some of the
proposed questions.

This report describes the current status of the computer model and provides the
potential user with instructions for its independent use. This section gives the background
and a general description of the model. The second and third sections describe the computer
routines unique to the 2D and 3D versions of SURDET: SURDET2D and SURDET3D
respectively. In addition, in each section instructions to the user include a description of the
input to SURDET and the output from SURDET. Finally, the routines common to both
versions of SURDET are discussed in the fourth section.

Model Overview

SURDET produces radar detections and position estimates for each radar scan. These
detections correspond not only to target detections but also to correlated and uncorrelated
false alarms. The radar operates within a specified scenario defined by up to 20 targets and
jammers in a clutter environment of rain or sea, in addition to multipath propagation. Each
target trajectory can take one of three forms: a straight line between the starting point and
the endpoint, a straight line in the xy plane with different altitude legs, or a constant-
altitude flight with a turn between two straight-line legs. ,' . .--

SURDET has been constructed as a modified time-step model. The time steps involved
are determined by the elapsed time between radar scans illuminating the target. The surveil-
lance radar under examination is characterized by its radar scan modes. A radar scan mode is

Manuscript submitted April 4, 1978.
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a means of defining radar operating characteristics for the illumination of a specific geomet-
rical region. Typical radar scan modes include elevation beams, long-range search, high-angle
low-energy search, burnthrough, and horizon scan. At the onset of the engagement (when
the earliest target leaves its initial position), the time when each operational radar scan mode
will first illuminate any target is determined. The minimum time minus 30 s is compared to
a maximum start time, which is an input value, and the smaller of these two times is used as
the start of the simulation. The additional time before the first possible target detection is
necessary for clutter generation for realistic tracking studies.

For each radar scan the signal (target), noise, jamming, and clutter energies are calcu-
lated for each target and each radar scan mode. If a target detection is possible (depending
on the signal-to-interfering-power ratio), the radar return is simulated pulse to pulse in the
test cell of interest and in the surrounding reference cells. This level of detail is required in
order to take into account the problems of target suppression and target resolution caused
by nearby targets. Next, target detections are declared by comparing the test cell of interest
to a threshold generated from the surrounding reference cells. <^ . v

Since multiple detections of a single target can occur, such detections are merged into, '
a centroided detection. Finally, the centroided detection is corrupted by the effects ofrollAd
and pitch. The results of SURDET can be printed out and/or written onto a file for later
processing by the MERIT tracking program [2].

SURDET currently exists in two versions: SURDET2D to be used with 2D radars and
SURDET3D to be used with 3D radars. Although the majority of the subroutines in SUR-
DET are common to the two versions, SURDET2D and SURDET3D each has a unique
executive routine plus a small set of unique associated routines. The second section
describes the SURDET2D routines, and the third section describes the SURDET3D routines.
These sections also describe the required user input, which differs slightly between the two
versions. The fourth section describes subroutines common to both the SURDET2D and
SURDET3D versions of SURDET. Therefore the reader should consult both the second and
fourth sections for a complete description of all routines comprising SURDET2D and the
third and fourth sections for similar coverage of SURDET3D.

Future Growth

As with most computer programs, SURDET will continually change. Areas identified
for future modification include:

* Generation of realistic clutter-to-noise ratios (presently the values are 34.8937 and
30.54 for fixed and variable clutter detections respectively),

* Generation of other automatic detectors in addition to the present amplitude
integrators,

* Modification of the signal-processing algorithm by including )ITI and coherent
integration, and

* Inclusion of more-detailed models of target radar cross sections as applications
dictate.

2
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The authors of this report are available on a limited basis for consultation on problems
related to the compilation and execution of the model. Fortran listings are found in appen-
dixes B, C, and D, and a program deck is available on request. The authors are also inter-
ested in negotiating with potential sponsors for the development of the model's growth
potential and in some aspects of performing analyses of radar systems through the applica-
tion of the model.

ROUTINES EXCLUSIVE TO SURDET2D

SURDET2D Executive Routine

The SURDET2D executive routine drives the detection model for 2D surveillance radar
systems. The model itself consists of subroutines that perform specialized functions; the
SURDET2D executive routine links these routines together (Fig. 1). The modular construc-
tion of the model facilitates changes and additions to the existing version.

The SURDET2D executive routine begins by setting constants and conversion factors
for use by the model's subroutines. It then reads the first two data input cards. (The next
subsection describes user input, and Table 1 describes the variables.) The first card contains
the output-control parameter ANS1, which determines the amount of printed output pro-
duced. The options include no output printed (ANS1 = 0), only the detection output
printed (ANS1 = 1), and the detailed output printed (ANS1 = 2). The second input card
contains the run identification, which consists of an integer radar identification followed by
alphanumeric descriptive information of the user's choice. The reader identification is used
to label the output disk files for subsequent use as input to the MERIT tracking program
[2].

SURDET2D monitors the input of the scenario data by calling a sequence of sub-
routines. Subroutine INITAL reads the radar data, subroutine TARGET reads the parame-
ters defining the targets and jammers, and subroutine ENVIRN reads the environmental
data. Subroutines FCINIT and VCINIT are called to input the data defining the fixed clutter
area and variable clutter areas respectively. Roll and pitch characteristics of the radar plat-
form are read by subroutine STBINT.

The game time by which the radar must be initialized, RINIT, is next read as an input
directly by the executive routine and then modified by the radar scan offset, if any. Sub-
routine MATCH is called to determine the time each target first comes within the instru-
mented range of the radar. The minimum time among this set of times from MATCH is
then further decreased by 30 s to insure clutter samples prior to detections, and the earlier
of this result and RINIT, the maximum radar initialization time, becomes the game initial-
ization time. The end of the game is set to coincide with the last target's reaching the end of
its trajectory. At this point an identification record for the detection output file consisting
of the radar identification and the radar scan rate is written on the logical unit specified by
the parameter IOUT.

The recursive portion of the routine begins with the calculation of the positions of all
targets and jammers at current game time T by subroutine NEWPOS. Then for each defined
radar scan mode, all active targets are examined for possible detections. In particular, for a

3
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define scenario by input parameters

initialize

determine merge multiple
target detections target detections

BEAM

--- 1

TARSIG LU.S- I

I . I~~~~~~~~~~*I 

GAIN ~~RN

Fig. 1 - Subroutine linkage by the SURDET2D executive routine. The solid lines indicate
program flow, and the dashed lines indicate subroutines called. The names in parentheses are
entry points. The loops for multiple radar modes and multiple targets are not indicated.
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given radar scan mode J, the executive routine first determines if a target I is within instru-
mented range, is above the radar horizon, is within the appropriate angular vertical coverage
of the pencil beam or the cosecant-squared beam, and is beyond the minimum radar range.
Unless all of these conditions are met, target I is dropped from further consideration by this
scan mode. The routine next computes the signal energy and the noise and clutter energies
for target I by calling subroutines SIGNAL and NOISE respectively. It then uses subroutine
MWDET to determine any detections of the target by radar scan mode J, printing a record
of each detection if the print-control parameter ANS1 indicates that detailed output is
desired.

When all targets active at current game time T have been examined by scan mode J,
subroutine MERDET is called to merge adjacent detections and estimate the range, azimuth,
and signal power of the centroided detections for scan mode J. The centroided detections
are further modified for roll and pitch of the radar platform by subroutine STAB2. Once
this procedure has been completed for all radar scan modes at game time T, detections of
fixed and of variable clutter at time T are determined by calls to subroutine FXCLT2 and
VRCLT2 respectively. A report of centroided target detections by all scan modes and false
alarms (clutter detections) for game time T is printed if ANS1 indicates that any printed
output is desired. A similar output scan record for use as subsequent input to the MERIT
tracking program [2] is written on the logical unit specified by IOUT.

To initiate a new radar scan, the current game time T, which represents the time the
radar starts its current scan at zero azimuth, is increased by the radar scan period (as specified
for radar scan mode 1). If the new game time does not exceed ENDTIM, the time at which
the run ends, then control is returned to the beginning of the recursive portion of the pro-
gram. Otherwise a recycle control parameter is read which specifies one of the following
four options:

* A new scenario is to be read to initiate a new run, in which case program control is
transferred to the beginning of the executive routine;

* Radar parameters from the run just completed are to be retained, but the rest of
the scenario is to be redefined for a new run, so program control is transferred to the point
where subroutine TARGET is called;

* Radar and target parameters are to be retained, but a new environment is to be
specified for a new run, so program control is transferred to the point where subroutine
ENVIRN is called;

* All runs are completed.

5
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Fortran Variable

ACON

ACONZ
ALPHAD
AMBN
ANS1

AZ(I,K)
AZOUT(L)
BETA

BHDEG
BUF

BUF(1)
BUF(2)
BUF(3)
BUF(4)
BUF(5)
BUF(6)

BUFA

BUFA(1,K)
BUFA(2,K)
BUFA(3 ,K)
BUFA(4,K)
BUFA( 5,K)
BUFA(6 ,K)
BUFA(7 ,K)
BUFA(8,K)

BUFB

BUFB(1,I)
BUFB(2,I)
BUFB(3,I)
BUFB(4,I)
BUFB( 5,I)

BVDEG

CCM
CNM
CONV

DBE

I

Table 1 - SURDET2D Variables

Description

Constant used in sea-state calculations (described in a later section in
the subsection on subroutine JAM)

Azimuth separation for declaring two detections (rad)
Grazing angle of a clutter patch (deg)
Thermal noise energy (J)
Printed output control:

0 = no output printed
1 = detection output only printed
2 = detailed output printed

Azimuth of the kth centroided detection of target I
Azimuth of the Ith clutter detection
Constant used in sea-state calculations (described in the subsection
on subroutine JAM)

Azimuth of target I (deg) for printing
Scan-output-ID array written on logical unit IOUT

Scan number
Start time of the present scan (s)
Number of detections (including false alarms)
Radar ID
Ship's heading (rad)
Total number of targets

Detection-history array written on logical unit IOUT for each target
detection or false alarm K

Target number or clutter detection number of the kth detection
Range of the kth detection (n.mi.)
Azimuth of the kth detection (rad)
Elevation of the kth detection (rad)
Time of the kth detection (s)
Signal energy of the kth detection (dB)
Roll angle of the kth detection (rad)
Pitch angle of the kth detection (rad)

Target-true-position array written on logical unit IOUT for each de-
fined target

Target number (I)
Slant range to the true target-I position (n.mi.)
Azimuth of the true target-I position (rad)
Elevation of the true target-I position (rad)
Time when the radar scans by target-I (s)

Elevation of target I measured from the horizon in degrees for print-
ing

Speed of light (cm/s)
Speed of light (n.mi./s)
Conversion factor for converting natural logarithms to dB
(10 log1 o e)

Signal energy of target I with respect to mode J (dB re 1 J)

Table continues.
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Table 1 (Continued) - SURDET2D Variables

Fortran Variable I Description

DBN
DWL(J)
ELEV(I,K)
ELOUT(L)
ENDTIM
ENVIR(3)

FAC4
FOPIQB
FOPISQ
GN
IANS

IC
ICNT
IMODE(J,1)
IOUT
ISC
ISTAT(I)

ISWIT

ITITLE
IV
MER(I)

MUL

NC((K)
NCONZ
NDET(I)
NEXT

Total noise energy with respect to mode J (dB re 1 J)
Frequency increment for mode J (Hz)
Elevation of the kth centroided detection of target I
Elevation of the Ith clutter detection
Time at which the current run terminates (h)
Multipath indicator:

0 = no multipath
1 = multipath

Multipath propagation factor to the fourth power
(47r)3
(4ir)2

One-way antenna gain
Recycle run control:

1 = new run with a new radar and new targets and environ-
ment

2 = new run with the current radar and new targets and
environment

3 = new run with the current radar and targets and a new
environment

4 = all runs completed
Number of fixed clutter detections on the current scan
Detection counter used for the output file
Number of pulses integrated for mode J
Logical unit for the detection output file
Radar-scan counter
Status indicator for target I:

0 = target is inactive
1 = target is active

Frequency indicator:
0 = frequency of the current scan mode is different from the

previous mode
1 = no change in frequency from the last scan mode

Array containing alphanumeric run identification
Number of fixed and variable clutter detections on the current scan
Indicator of interfering-target problems with respect to target I:

0 = no merging problem
-1 = merging problem with target I, target detected
-2 = merging problem with target I, target not detected

Multipath indicator:
O = no multipath
1 = roultipath

Index of the kth detected fixed clutter point
Pulse separation for declaring two detections
Number of centroided detections of target I
Current radar scan mode

Table continues.
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Table 1 (Continued) -- SURDET2D Variables

Fortran Variable I Description
I

NREF
NSCAN
NTARG
OFR
PBBS
PITCH(I)
PTOUT(K)
RADIAN
RANGE(I,K)
RC(1)
RC(4)
RC(5)
RC(6)
RC(11)
RC(12)
R.C(13)
RC(14)
RC(15)

RC(16)
RC( 17)
RC(18)
RC(20)

RC(21)

RC(22)

RE
RFR,

RINIT
RLOUT(K)
RMODE(J,1)
RMODE(J,2)
RMODE(J,5)
RMODE(1,6)
RMODE(J,7)
RMODE(J,9)

ROLL(I)

Number of reference cells on each side of the test cell
Number of radar scan modes defined
Number of targets (to be detected)
Frequency of the current radar scan mode (MHz)
Elevation beam center of the current radar mode
Pitch angle at the time of detection of target I
Pitch at the time of the kth clutter detection
Conversion factor for radians to degrees (180/7f)
Range of the kth centroided detection of target I
Basic radar frequency (MHz)
Horizontal 3-dB beamwidth (rad)
Vertical 3-dB beamwidth (rad)
One-way antenna gain
Power received for target I (W)
Signal energy for target I (J)
Clutter energy for target I (J)
Thermal noise plus jamming for target I (J)
Number of reference cells on each side of the target cell used in the
moving-window detector

Clutter correlation coefficient
Number of standard deviations used in the detection threshold
Azimuth offset between beam positions (rad)
Detector video type:

0 = linear video
1 = log video

Number of reference cells used to calculate the threshold:
0 = all cells used

<0 = half with smaller mean value used
>0 = half with larger mean value used

Parameters used to calculate the threshold:
1 = mean used
2 = mean and variance used

4/3 of the earth's radius (m)
Ratio of the basic radar frequency to the frequency of the current
radar mode

Latest time by which the radar is to begin scanning
Roll at the time of the kth clutter detection
Lower 3dB point of the elevation-angle coverage for mode J (deg)
Upper 3-dB point of the elevation-angle coverage for mode J (deg)
Interlook period for mode J (h)
Scan offset for mode 1 (h)
Instrumented range for mode J (n.mi.)
Earliest time any target enters the instrumented range of radar
mode J (h)

Roll angle at the time of detection of target I

Table continues.
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Table 1 (Concluded) - SURDET2D Variables

Fortran Variable Description
I

ROUT(K)
SHIP( 5)
SIGC
SMODE(J,1)
SN

SNDET(I,K)
SNTRUE
SOUT(K)
T
TARCS
THH
THV
TIME(I)
TOUT(K)
TRGPOS(I,4)
TRGPOS(I,5)
TRGPOS(I,6)
TSCAN(I,J)

V
XJAMN
XKTOMS
XNMTOM
XYZF(I,4)

Range of the kth clutter detection
Heading of the ship (rad)
Total sea-clutter energy
Blanking range for mode J (n.mi.)
Signal-to-noise ratio (dB), assuming the radar is pointing at the
target

Signal energy of the kth centroided detection of target I
Signal energy
Signal energy of the kth clutter detection
Currunt game time (h)
Target cross section
Basic radar horizontal 3-dB beamwidth (rad)
Basic radar vertical 3-dB beamwidth (rad)
Time of the detection of target I (s)
Time of the kth clutter detection (s)
Slant range of target I (n.mi.)
Azimuth of target I (rad)
Elevation of target I measured from the horizon (rad)
Time when target I comes within the instrumented range or radar
mode J (h)

Range extent of the clutter cell (m)
Total jamming energy (J)
Conversion factor for knots to meters per second
Conversion factor for nautical miles to meters
Time when target I reaches the endpoint of its trajectory (h)

Input for SURDET2D

An engagement scenario consists of a radar, one or more targets to be detected, and an
optional number of sources of jamming radiation (subsequently referred to as jammers) set
in a specified environment. The number of targets and jammers together is limited to 20.
The required input information is divided into the definitions of the radar, targets, and
jammers, an environment with optional clutter, and output and recycle control parameters.
The data cards required are:

Data card 1-printed-output control integer (15 format):

0 = no output printed,
1 = only the detection output printed,
2 = detailed output printed;

9
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Data card 2-title card (14, 19A4 format):

1. Radar integer ID,
2. Alphanumeric run identification;

Data card 3-ship (radar) position (4F8.2 format):

1-3. Position coordinates (x, y, z) (kft),
4. Ship heading (deg);

Data card 4-11 basic radar parameters (9F8.2,12,F6.2 format):

1. Radar frequency (MHz),
2. Antenna pattern function indicator (0 = pencil beam and 1 cosescant-

squared beam),
3. Receiver noise (dB),
4. Horizontal 3-dB beamwidth (deg),
5. Vertical 3-dB beamwidth (deg),
6. One-way antenna gain (dB),
7. One-way sidelobe level (dB down from peak),
8. Receiver loss (dB),
9. Transmitter loss (dB),

10. Number of scan modes (limited to 30),
11. Linear polarization (0° to 900, where 0° = horizontal and 900 = vertical);

Data cards 5 and 6 (one set for each radar scan mode)-15 parameters for each mode
(10F8.2/5F8.2 format):

1. Lower 3-dB point of the elevation-angle coverage (deg),
2. Upper 3-dB point of the elevation-angle coverage (deg),
3. Peak power (MW),
4. Pulse length (ps),
5. Interlook period (s) (must be identical for all modes),
6. Scan offset (s),
7. Instrumented range (n.mi.),
8. Mode-dependent loss (dB),
9. Number of pulses integrated (limited to 99),

10. Compressed-pulse length (gs),
11. Sea-clutter improvement factor (dB),
12. Intermediate-frequency bandwidth (MHz) (if 0, the bandwidth is set at 1.0/

compressed-pulse length),
13. Mode-dependent frequency increment (MHz),
14. Blanking time (ps) (if 0, the blanking time is set at the pulse length),
15. Rain-clutter improvement factor (dB); v

Data card 7-seven parameters for the moving-window detector (7F8.2 format):

1. Number of reference cells on each side of the target cell,
2. Clutter correlation coefficient,

10
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3. Number of standard deviations used in the threshold, which determines the
probability of false alarm (guidance in setting the threshold value is given by
Appendix A),

4. Number of detections that can be missed with the detections still merging into
a single detection,

5. Video-type indicator (0 = linear video and 1 = log video),
6. Number of reference cells used for the threshold (0 = all cells used, <0 = half

with smaller mean value used, and >0 = half with larger mean value used),
7. Parameters used to calculate the threshold (1 = mean used and 2 = mean and

variance used);

Data card 8-number of targets and jammers (total limited to 20) (215 format):

1. Number of targets,
2. Number of jammers;

Data card 9 (one card for each target and jammer, paired with a card 10)-13 target
parameters (12F6.2,13 format):

1-4. Initial coordinates (x, y, z) (kft) and time (s),
5-8. Terminal coordinates (x, y, z) (kft) and time (s),

9-11. Head-on, broadside, and minimum radar reflective areas (m2),
12. Jamming power density (W/MHz),
13. Marcum-Swerling cross-section model number;

Data card 10 (one card for each target and jammer, paired with a card 9)-target pro-
file parameters (14,7F6.2 format):

1. Target profile type (0 = straight-line trajectory, 1 = altitude legs, and 2 = g
maneuver at constant altitude), with profile parameters 2 through 8 that fol-
low being ignored for target profile type 0 and being as indicated for target
types 1 and 2,

2. Number of altitude nodes (maximum of three), for target type 1, or target
speed (kft/s), for target type 2,

3. First altitude node (kM), for target type 1, or initial heading of the target
(deg), for target type 2,

4. Time of the target arrival at the first node (s), for target type 1, or time the
maneuver begins (s), for target type 2,

5. Second altitude node (kft), for target type 1, or radial acceleration of the
maneuver (g's), for target type 2,

6. Time of the target arrival at the second node (s), for target type 1, or ignored
for target type 2,

7. Third altitude node (kft), for target type 1, or ignored for target type 2,
8. Time of the target arrival at the third node (s), for target type 1, or ignored

for target type 2; 0

11
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Data card 11-four environmental parameters (4F8.2 format):

1. Wind speed (knots),
2. Height of the wind-speed measurement (kft),
3. Multipath indicator (1 = multipath and 0 = no multipath),
4. Rainfall rate (mm/h);

Data card 12-nine fixed clutter parameters (218,7F8.2 format):

1. Initialization for the random-number generator for generation of fixed clutter
points,

2. Number of fixed clutter points,
3. Probability that a clutter point is detected,
4. Initial range of the clutter area (kft),
5. Final range of the clutter area (kft),
6. Standard deviation of the range measurement (percent of the range-resolution

cell size),
7. Initial azimuth of the clutter area (deg),
8. Final azimuth of the clutter area (deg),
9. Standard deviation of the azimuth measurement (percent of the horizontal

3-dB beamwidth);

Data card 13-two basic variable clutter parameters (218 format):

1. Initialization for the random-number generator for generation of variable
clutter points,

2. Number of clutter regions;

Data card 14 (one card for each clutter region)-five parameters for each clutter region
(5F8.2 format):

1. Average number of clutter points in the region,
2. Initial range of the clutter area (kft),
3. Final range of the clutter area (kft),
4. Initial azimuth of the clutter area (deg),
5. Final azimuth of the clutter area (deg);

Data card 15-four roll and pitch parameters (4F8.2 format):

1. Maximum roll angle (deg),
2. Maximum pitch angle (deg),
3. Roll period (s) (a number >0 should be specified),
4. Pitch period (s) (a number >0 should be specified);

Data card 16-time parameter (F8.2 format):

1. Game time (s) by which the radar must initiate scanning;

12
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Data card 17-recycle control parameter (15 format):

1 = a new scenario is to be read, with the next data card being data card 1,
2 = current radar parameters are to be retained, but new targets and environment

are to be read, with the next data card being data card 8,
3 = current radar and target parameters are to be retained, but a new environment

is to be read, with the next data card being data card 11,
4 = all runs completed.

All input data from data cards 2 through 16 are printed as output at the beginning of each
run.

Output from SURDET2D

An engagement is initiated either 30 s prior to the time a target first comes within the
instrumented range of a radar mode or at the latest time by which the radar must be initial-
ized (as specified by input), whichever occurs first. Once initiated, the simulation produces
an output detection report for each radar scan until the engagement terminates with the last
target reaching its final position. A sample printed output for a single scan is reproduced in
Fig. 2.

The sample report is identified as scan number 30 on line 1. The raddr involved has
only a single scan mode; the results of scan mode 1 looking at target 1 and target 2 are given
in lines 3 through 5 and 6 through 8 respectively. Lines 3 and 6 contain the following infor-
mation, as indicated by the heading in line 2:

TARGET Target number,
MODE Radar scan mode number,
TIME Time of the scan (s),
RANGE Slant range of the target from the radar (kft),
AZIM Azimuth angle of the target (deg),
ELEV Elevation angle of the target (deg),
SIGMA Radar cross section of the target (m2),

FACTOR Multipath pattern-propagation factor (dB),
ESIG Signal energy (dB re 1 J),
NAMB Ambient noise (dB re 1 J),
NCLT Clutter energy (dB re 1 J),
NJAM Jamming energy (dB re 1 J),
E/N Signal-energy-to-noise-energy ratios (dB), with the first ratio being

the value when the radar is pointing at the target and the second
ratio being the actual value used to determine a detection,

MER Indicator of the interfering-target problem (to be described in the
subsection on subroutine MWDET).

Lines 4 and 5 report two detections of target 1. The range and azimuth of the refer-
ence cell in which each detection took place are given under RANGE and AZIM respec-
tively. The signal amplitude corresponding to each detection is given in decibels (dB re noise
energy) under ESIG. Similarly lines 7 and 8 report detections of target 2.

13
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Lines 9 through 28 are the data constituting the output record written on logical unit
IOUT for subsequent use as input to the MERIT tracking program [2]1. (In addition the
actual range, azimuth, and elevation of each target and the time each is scanned by the radar
are also written on IOUT.) Line 9 identifies the current record by specifying the scan num-
ber, current game time in seconds, number of detections (including false alarms), radar
identification augmented by 2000, ship's heading in radians, and number of targets defined.
The remaining lines, labeled by detection number, provide data as labeled by line 10 for
each centroided target detection and false alarm (fixed or variable clutter detection). The
information provided for each detection starts with a detection number: 0 through 99
identifies a target, 101 through 199 indicates a fixed clutter point, and 200 represents a
variable clutter point. Following the detection number are the estimated range in nautical
miles, the azimuth and elevation angles in radians, the time of detection in seconds, the
signal energy in decibels, and the roll and pitch angles in radians. Presently the signal energy
for fixed and variable clutter points is set to 34.8937 and 30.4567 dB respectively. If the
signal energy is to be used by a tracking program, an appropriate signal energy must be
generated.

An output report as shown in Fig. 2 is printed for each radar (azimuth) scan when the
print output control parameter (data card 1) is 2. If the parameter is 1, then only the detec-
tion history given by lines 9 through 28 is printed. If the parameter is 0, then no output
scan reports are printed.

Subroutine FXCLT2

Subroutine FXCLT2 generates fixed clutter points and is called once per scan by the
executive routine. The routine is initialized by calling the entry point FCINIT. The initial-
ization section reads in the following nine inputs with a (218,7F8.2) format (Table 2):

ISET - initialization number for the random-number generator,
N - number of fixed clutter points,
PROB - probability that a clutter point is detected,
RS - initial range of the clutter area (kft),
RF - final range of the clutter area (kft),
SIGR - standard deviation of the range measurement (fractions of a range cell),
THS - initial azimuth of the clutter area (deg),
THF - final azimuth of the clutter area (deg),
SIGA - standard deviation of the azimuth measurement (fractions of a beam-

width).

The initialization section calculates the range-cell dimension AR by

APR = ci-/2, (1)

where c is the speed of light and r, is the compressed pulsewidth. Next the input values are
converted to nautical miles and radians for internal use. Finally, N fixed clutter points are
generated by

A, =RS +(RF -RS)ji (2)
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and

Oi Os + (OF - OS)Vi, (3)

where Ri and Oi are the range and azimuth of the clutter points, RS and RF are the initial
and final range boundaries of the clutter area, OS and OF are the initial and final azimuth
boundaries of the clutter area, and Ui and .y are independent, uniformly distributed
random numbers.

The detected clutter points are generated by calling FXCLT2 once per scan. For each
clutter point a uniform random number U is compared to Pr' the probability of detecting
the clutter point. If U < Pr the clutter point is assumed to be detected, Gaussian errors are
added in range and azimuth, and the azimuth measurement is corrupted by roll and pitch.
The range measurement is

Rm = (K + 0.5)AR, (4)

where

K = integer { [Ri + aR (-2 log Ui)112 cos 27rVi] /AR}, (5)

in which UR is the measurement standard deviation and U1 and Vi are uniformly distributed
random numbers. The error in azimuth is /

=e (- 2 log U.)1"2 sin 27rV., (6)

where x,) is the standard deviation of the azimuth measurement. The angles of roll R and
pitch P at time T are

B = Rmax sin (2 7rt/TR + OR) (7)
and

P Pmax sin (2irt/Tp + Op), (8)

where Rrnax and Pmax are the maximum roll and pitch angles, TR and Tp are the cor-
responding periods, and OR and kp are uniform phase angles between 0 and 27r. The meas-
ured azimuth position am (in the deck plane) is [3]

a = tan- 1 [sin a cos R + (cos a sin P + tan e cos P) sin R +
[ cos a cos P - tan e sinP ] +

and the measured elevation position em is

em = 0, (10)

where a = O0 is the true azimuth, e = 0 is the true elevation of the clutter point, and ea is the
previously calculated azimuth error. The detection time Tj is proportional to the azimuth:

Ti = To + (AT)Oi/27r, (11)

where To is the time of the start of the scan and AT is the scan period.

16
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Table 2- FXCLT2 Variables

Fortran Variable Description
I

A

AA
AM
AZ
AZOUT
CP
CR
ELOUT
IC
ISET
K
N
NC
N2
N3
N4
PFAC
PHASE(1)
PHASE(2)
PMAX
PROB

PTOUT
R
RADIAN
RAN
RAY
RC(4)
RC(19)
RES
RF
RFAC
RLOUT
RMAX
RMODE(1,5)
ROUT
RS
SHIP( 5)
SIGA
SIGR
SOUT
SP
SR
T

Azimuth of the clutter point in the deck plane with zero measurement
error

True azimuth of the clutter point with respect to the ship (a in Eq. 9)
Azimuth measurement (between ir and 3ir)
True azimuth of the clutter point (Oi in Eq. 11)
Azimuth measurement (am in Eq. 9)
Cosine of the pitch angle
Cosine of the roll angle
Elevation measurement em = 0 (Eq. 10)
Number of fixed clutter points detected this scan
Initialization number for the random-number generator
Range cell of the measurement (K in Eq. 4)
Number of fixed clutter points
Index of the clutter point detected
Two times N
Three times N
Four times N
Frequency of the pitch cycle
Phase angle of the roll (OR in Eq. 7)
Phase angle of the pitch (op in Eq. 8)
Maximum pitch angle (Pmax in Eq. 8)
Probability that the clutter point is detected (Pr in text preceding

Eq. 4)
Pitch at the time of the ith detection (P in Eq. 8)
True range of the clutter point (Ri in Eq. 2)
57.29578°, the number of degrees in a radian, or 180/ir
Array of uniform random numbers (Ui in Eqs. 2, 5, and 6)
Rayleigh random number
Azimuth beamwidth
Range-cell dimension (AR in Eq. 1)
Range-cell dimension (AR in Eq. 1)
Final range of the clutter area (RF in Eq. 2)
Frequency of the roll cycle
Roll at the time of the ith detection (R in Eq. 7)
Maximum roll angle (Rmax in Eq. 7)
Scan period (AT in Eq. 11)
Range measurement (R. in Eq. 4)
Initial range of the clutter area (RS in Eq. 2)
Ship heading
Standard deviation of the azimuth measurement (ae in Eq. 6)
Standard deviation of the range measurement (aR in Eq. 5)
Energy of the ith detection
Sine of the pitch angle
Sine of the roll angle
Time of the start of the radar scan (To in Eq. 11)

Table continues.

17

4.1n

�r

M.



DAVIS AND TRUNK

Table 2 (Concluded) - FXCLT2 Variables

Fortran Variable Description

TAU Compressed pulsewidth (s) (-rC in Eq. 1)
TE Tangent of the elevation angle (zero)
TH Uniform distributed phase angle
THF Final azimuth of the clutter area (OF in Eq. 3)
THS Initial azimuth of the clutter area (Os in Eq. 3)
TIMSCN Scan period (AT in Eq. 11)
TIMZB Time of the zero-bearing crossing (To in Eq. 11)
TOUT Detection time (T1 in Eq. 11)
TWOPI Two times 3.1415926536, or 27r

Subroutine INITAL

Subroutine INITAL is called once by the SURDET2D executive routine. Its purpose is
to establish constants, to read ship (radar platform) and radar data in kilofeet and seconds,
and to convert the units to internal units (nautical miles and hours) for use by other sub-
routines (Table 3).

The location and heading of the ship or radar platfonn, which is assumed to remain
stationary throughout an engagement, and the antenna height above sea level are specified
by four radar-position input parameters read into the SHIP array:

SHIP(1) - x position coordinate (kft),
SHIP(2) - y position coordinate (kft),
SHIP(3) - z position coordinate (antenna height above sea level) (kft),
SHIP(5) - ship heading (deg).

It is often convenient to let the radar platform be located at the origin (0, 0) of the scenario
coordinate system.

A radar is described by specifying 11 basic parameters followed by 16 descriptors for
each of up to 30 operational radar scan modes and moving-window detector data. Typical
radar scan modes include long-range search, high-angle low-energy search, burnthrough, and
horizon scan. The 11 basic radar input parameters, which are stored in the RC array, in
NSCAN, and in POLRZ, are:

RC(1) - radar frequency (MHz),
RC(2) - antenna-pattern indicator (0 = pencil beam and 1= cosecant-squared

beam),
RC(3) - receiver noise (dB),
RC(4) - horizontal 3-dB beamwidth (deg),
RC(5) - vertical 3-dB beamnwidth (deg),
RC(6) - one-way antenna gain (dB),
RC(7) - one-way sidelobe level (dB down from peak),
RC(8) - receiver line loss (dB),
RC(9) - transmitter line loss (dB),
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NSCAN - number of scan modes to be defined, (a number not to exceed 30),
POLRZ - linear polarization from 00 to 900 (00 = horizontal and 900 = vertical).

Each radar scan mode J is described by the following 15 input parameters, which are -

read into the RMODE, IMODE, SUBC, DWL, and SMODE arrays:

RMODE(J,1) - lower 3-dB point of the elevation-angle coverage (deg),
RMODE(J,2) - upper 3-dB point of the elevation-angle coverage-(deg),
RMODE(J,3) - peak power (MW),
RMODE(J,4) - pulse length (us),
RMODE(J,5) - interlook period (time between scans) (s),
RMODE(J,6) - scan offset (relative to radar initialization) (s),
RMODE(J,7) - instrumented range (n.mi.),
RMODE(J,8) - mode-dependent loss (dB),
IMODE(J,1) - number of pulses integrated (a number not to exceed 99)

RMODE(J,11) - compressed-pulse length (Ms),
SUBC(J) - sea-clutter improvement factor (dB),

RMODE(J,12) - intermediate-frequency bandwidth (MHz) (if 0 is entered, the band-
width is set at 1.0/(compressed-pulse length)),

DWL(J) - mode-dependent frequency increment (MHz) (if DWL(J) is nonzero,
the effective horizontal and vertical beamwidths and antenna gain for
this scan mode are also affected),

SM - blanking time (us) (if 0 is entered, the blanking time is set at the
pulse length),

SMODE(J,2) - rain-clutter improvement factor (dB).

These radar scan modes are numbered in ascending order as they are defined, beginning
with 1.

The moving-window detector is defined by the following seven input parameters,
stored in the RC array:

RC(15) - number of reference cells on each side of the target cell,
RC(16) - clutter correlation coefficient,
RC(17) - number of standard deviations used in the threshold (determines the prob-

ability of a false alarm),
RC(18) - number of detections that can be missed with the detections still merging

into a single detection,
RC(20) - video-type indicator (0 = linear video and 1 = log video),
RC(21) - number of reference cells used for the threshold (0 = all cells used, <0

half with smaller mean value used, and >0 = half with larger mean value
used,

RC(22) - parameters used to calculate the threshold (1 = mean used and 2 = mean
and variance used).

Subroutine INITAL also performs checks on the input data with the result that:

* The number of radar scan modes is limited to 30,

* The interlook period for each mode is set equal to 10 s if its input value is zero or
negative,
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* The IF bandwidth for each mode is set equal to the reciprocal of the compressed
pulse length if its input value is zero or negative, and

* The blanking time for each mode is set equal to the pulse length if its input value is
zero.

Table 3 - INITAL Variables

Fortran Variable Description
_______________________________________________________ ~~~~~I

DWL(J)
IMODE(J,1)
IMODE(J,2)

MILLION
MM
NSCAN
PI
PIOVER2
POLRZ

RADIAN
RC(1)
RC(2)

RC(3)
RC(4)
RC(5)
RC(6)
RC(7)
RC(8)
RC(9)
RC(10)
RC(15)

RC(16)
RC(17)
RC(18)

RC(20)

RC(21)

Frequency increment for mode J (MHz)
Number of pulses integrated for mode J
max (BIFrc, 1) rounded to the nearest integer for mode J, where

BIF is RMODE(J,12)
106
Effective number of pulses integrated
Number of scan modes
3.1415926536, or 7r
One-half of 3.1415926536, or 7r/2
Linear polarization (0° to 90°, where 0° = horizontal and 900 =

vertical)
57.29578°, the number of degrees in a radian, or 180/ir
Radar frequency [ (MHz)
Indicator of the antenna-pattern function:

O = pencil beam
1 = csc 2 beam

Receiver noise
Horizontal 3-dB beamwidth (deg to rad)
Vertical 3-dB beamwidth (deg to rad)
One-way antenna gain
One-way sidelobe level
Receiver losses
Transmitter losses
Boltzman's constant times the system temperature, or kT (J)
Number of reference cells on each side of the target cell used in the

moving-window detector
Clutter correlation coefficient
Number of standard deviations used in the detection threshold
Number of detections that can be missed with the detections still

merging into the single detection
Detector video type:

0 = linear video
1 = log video

Number of reference cells used to calculate the threshold:
0 = all cells used

<0 = half with smaller mean value used
>0 = half with larger mean value tiqed

Table continues.
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Table 3 (Concluded) - INITAL Variables

Fortran Variable

RC(22)

RMODE(J,1)
RMODE(J,2)
RMODE(J,3)
RMODE(J,4)
RMODE(J,5)
RMODE(J,6)
RMODE(J,7)
RMODE(J,8)
RMODE(J,1 1)
RMODE(J,12)
SHIP(1)
SHIP(2)
SHIP(3)
SHIP(5)
SM
SMODE(J,1)
SMODE(J,2)
SUBC(J)
TAU(J)
TWOPI

Description

Parameter to denote whether the mean (RC(22) = 1) or the mean
and variance (RC(22) = 2) should be used to calculate the
threshold

Lower 3-dB point of the elevation-angle coverage for mode J (deg)
Upper 3-dB point of the elevation-angle coverage for mode J (deg)
Peak power for mode J (MW to W)
Pulse length for mode J (ps to s)
Interlook period for mode J (s to h)
Scan offset for mode J (s to h)
Instrumented range for mode J (n.mi.)
Mode-dependent loss for mode J
Compressed-pulse length for mode J (ps)
Intermediate-frequency bandwidth for mode J (MHz to Hz) (BIF)
x coordinate of the ship position (kft to n.mi.)
y coordinate of the ship position (kft to n.mi.)
Antenna height (kft to n.mi.)
Ship heading (deg to rad)
Blanking time used to calculate SMODE(J,1) (ps)
Blanking range for mode J (n.mi.)
Rain-clutter improvement factor for mode J
Sea-clutter improvement factor for mode J
Compressed-pulse length for mode J, or rC (s)
Two times 3.1415926536, or 27r

Subroutine MERDET
A

Subroutine MERDET is called once at the end of each radar scan for each radar mode
after all the detections for each target have been made. The purpose of this routine is to
produce the centroided detections when several targets are close to one another, a condition
denoted for each target I by MER(I) = -1 (Table 4).

Let Ni be the number of detections of the ith target, Aij be the initial azimuth, Fi1 be
the final azimuth, and Rij be the range of the jth detection of the ith target. The procedure
for producing the centroided detections is to order (in initial azimuths Aij) all M detections
of targets that are close to one another, that is, all targets for which MER(I) = -1. Let the
array of ordered initial azimuths be Ak and let the corresponding final azimuths and ranges
be Fk and Rk respectively. Thus

A1 6A 2 6A 3 < ... <AM-, <AM. (12)

A detection is inhibited if it is close to another which has a smaller initial azimuth.
Specifically, detection i is inhibited by target detection j, which has previously been
accepted, if
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(13a)

(14a)IRj -Ril < AR,

Fi<Fj+AA, (15a)

or, alternately, detection i is inhibited by detection k, which has previously been inhibited,
if

Ak <Ai.

IRi -Rk 1< AR,

(13b)

(14b)

and

(15b)

where AR is the range-resolution-cell dimension and AA is the azimuth separation based
on the pulse detection separation specified at input, which should be approximately the
3-dB bearnwidth. If a detection is not inhibited, it is accepted.

Thus a detection can easily be accepted or inhibited by examining sequentially the
ordered detections. The first detection is always accepted, and the jth detection is accepted
if it is not close to any of the previously accepted or inhibited detections, where closeness
is defined either by Eqs. 14a and 15a or by Eqs. 14b and 15b. The estimate of the azimuth
for an accepted target detection is

Ak = (Ak +Fk)/ 2 . (16)

Table 4 - MERDET Variables

Table C011thIfLtlf.

22

and

Fortran Variable | Description

A Initial azimuth of the jth detection of the ith target (AA in
Eq. 15)

ACONZ Azimuth interval used to inhibit detection (AA in Eq. 15)
AZ(I,2J-1) Initial azimuth of the jth detection of the ith target which has

a target close by (Ak in Eq. 16)
AZ(I,2J) Final azimuth of the jth detection of the ith target which has a

target close by (Fk in Eq. 16)
AZ(I,J) Azimuth of the jth detection of the ith target (A in Eq. 16)
11 Number of detections
K Number of ordered detections (M in Eq. 12)
KC Counter used for ordering
KDET(I) Detection index of the ith ordered azimuth
KDTT(I) Detection index of the ith ordered inhibited azimuth
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Table 4 (Concluded) - MERDET Variables
I _~

Fortran Variable Description
rr

KK Number of accepted detections
KTAR(I) Target index of the ith ordered azimuth
KTRR(I) Target index of the ith ordered inhibited azimuth
MER(I) Indicator of interfering target problems.

0 = no interfering targets
-1 = interfering target but target detected
-2 = interfering targets and target not detected

N Number of targets
NDET(I,J) Number of detections of the ith target, or Ni
RANGE(I,J) Range of the jth detection of the ith target
RES Range-cell dimension (AR in Eqs. 14a and 14b)
SNDET(I,J) Signal amplitude of the jth detection of the ith target

.,f / : )V
Subroutine MWDET

Subroutine MWDET is called for every target on each radar scan for each radar mode.
The purpose of the routine is to declare target detections by generating pulse-to-pulse video
returns as the beam sweeps over the target, integrating the returned signal, and comparing it
to an adaptive threshold which is generated from the surrounding reference cells..Detections ' -
can be made in either adjacent range cell in addition to the range cell in which the target is
present. Thus in theory a 2D radar can report three detections of a single' target.

The routine initially tests whether appropriate input parameters (Table 5) are less than
preassigned values: the number of pulses integrated M is less than 100, the number of
reference cells NR on each side of the test cell is less than ten, and the absolute value of
clutter correlation coefficient p is less than 1.0. If any parameter exceeds its limit, an error
message is printed and the program stops.

-" r; 

Next, M times the ratio of signal to clutter-plus-noise is compared to 2. If the value is
less than 2, the target is declared not detected, the number of detections of target NTAR,
the target of interest, by the jth mode NDET(NTAR,J) is set to 0, and control is returned to
the calling routine. Otherwise the detailed simulation is begun by finding all the targets
which lie within the reference cells of target NTAR. The list of interfering targets INF is
initialized by setting INF(1) = NTAR, and the corresponding signal energy SNREF(1) is set
equal to the target energy S. The remaining interfering targets are found by calling sub-
routine RESOL, which calculates the number of interfering targets NI, lists the index of the
interfering targets in the array INF, and lists the corresponding signal energies in SNREF.

As the radar beam sweeps over the target, the returned signal will be modulated by the
antenna pattern. The azimuth position of the pulse closest to the target is

0 = A + (U - 0.5)AO, (17)

where A is the azimuth of the target, U is a random number uniformly distributed between
0 and 1, and AO is the antenna azimuth movement between transmitted pulses. To simplify
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the location of the interfering target and have the storage required to integrate up to 100
pulses, 401 pulses (corresponding to different azimuth positions) are saved for each range
cell, and the 201st location corresponds to 0. The azimuth of pulse 0 is

00 = 0 - 201A0, (18)

Furthermore, since only M pulses are within the 3-dB azimuth beamwidth, all 401 pulses
need not be generated when M < 100. Specifically, for the target of interest, the signal will
be assumed to occupy the center 2M pulses. Also, to allow for the buildup and decay of the
moving-window detector, M noise samples are generated on each side of the signal return.
Thus, the first pulse generated is

NS= 201 - 2M, (19)

and the final pulse generated is

NF= 201 + 2M. (20)

Also, the video return is generated only in the reference cells surrounding the target.
Thus, to save computer storage, only 25 range cells are saved and the target is always placed
in the 13th range cell. Consequently the range to the start of the first range cell is

Rs = AR(KRS - 13), (21)

where AR is the range-cell dimension and KRS is the integer defined by

KRS = integer (R/AR), (22)

in which R is the target range.

The first step in generating the radar video return is to generate the signal (target)
return in the appropriate range cells. Specifically, the index of the first range cell is

NF = 11 -NRQ ( i - (23)

and the index of the last range cell is

NL = 15+NR (24)

Thus, if NR = 10, signal must be placed in all 25 range cells. The signal return for the ith
pulse and the jth range cell Sij and an indicator of signal in the jth range cell I(j) are initially
set to 0 for all i and j. Then the signal return from each of the NI interfering targets lying
within the reference cells is generated. For the kth target this is accomplished by first gen-
erating the appropriate fluctuating amplitudes 1j for the ith pulse. For Swerling case NSW,
Fi is given by the following equations, in which the. Ui, i = 1, ..., M, are independent random
numbers uniformly distributed between 0 and 1. For NSW = 0 (nonfluctuating target)

Fj = 1, i = 1, ..., M. (25)
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For NSW = 1 (scan-to-scan fluctuations, Rayleigh density) [A

Fj=-logU, 1, (26)

For NSW = 2 (pulse-to-pulse fluctuations, Rayleigh density)

F= -log Ui, i = 1, ..., M. (27)

For NSW = 3 (scan-to-scan fluctuations, chi-square density)

F= - 0.5(log JJ1 + log U2 ), i 1, (28)

For NSW = 4 (pulse-to-pulse fluctuations, chi-square density)

F=- 0.5(log U. + log UM+i), i = 1,..., M. (29)

The signal is next placed in the appropriate range cell and the adjacent range cells by
reducing the returned signal by a [(sin x)/x] 2 pulse shape and a [(sin x)/x] 4 antenna pat-
tern. The return signal from the kth target is centered in range cell KR:

KR = integer [(Rk - RS)IAR, (30)

where Rk is the range of the kth target. The signal-return reduction F in the adjacent range
cell

(31)KT = KR + I, I = - 1, 0, 1,

is given by (because of the (sin x)Ix pulse shape)

F = [(sin Fd)IFd ] 2 , (32)

where

Fd = 2 .7 83 2 (Rk -R 7,)/AR, (33)

in which

RT = (KT + 0.5)AR + Rs. (34)

At this time the indicator I(KT) is set equal to 1.

The closest pulse (in azimuth) to the kth interfering target is

NC = integer [(Ak - O)/AO ] + 201, (35)

where Ak is the azimuth of the kth target. Thus, of the pulses to be generated (NS to NF),
the kth target contributes signal to the pulses from

NNS = max {NS, NC - M} (36)
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to

NNF = min {NF, NC + M}.

Therefore, for the ith pulse, the signal reduction G due to the (sin x)/x antenna pattern is

G = [(sin Gd)/Gd ]4 ,

Gd = 2.7832(00 + iAO - A )/O3dB,

in which 0 3dB is the antenna 3-dB azimuth beamwidth. Finally, the signal (normalized by
the clutter energy C and noise energy N) in the KTth range cell (for the ith pulse) is

(40)SiKT (new) =ijK 7l (old) + GFFiPkI(C + N), ' - t 1I

where Pk is the signal energy of the kth interfering target.

The calculation indicated by Eqs. 38 through 40 is first repeated for all pulses spe-
cified by Eqs. 36 and 37. Then the calculation indicated by Eqs. 31 through 40 is repeated
for the adjacent range cells indicated in Eq. 31. Finally the calculation indicated by Eqs. 25
through 40 is repeated for all NI targets in the reference cells. Thus at the end of all of these
repetitions Sij is the signal energy in the ith pulse and jth range cell due to all the targets in
the reference cells.

Next Rayleigh noise (and possibly correlated clutter)1is added to the signal to produce
the total video return xi. The video return is generated (because of computer-speed con-
siderations) for three distinct cases: clutter insignificant and no signal present in the range
cell, clutter insignificant and signal energy Sij present in the range cell, and clutter signifi-
cant. The significance of clutter is indicated by the product of clutter and the number of
pulses integrated CM being greater than N, and signal present in the jth cell is indicated by
I(j) = 1. Thus, the ith return in the jth cell xij is given as follows. For clutter insignificant
(CM < N) and no signal in the jth cell (I(J) = 0)

(41)

where the. Ui are independent uniform random numbers between 0 and 1 different for each
j. For clutter insignificant (CM < N) and signal in the jth cell (I(j) = 1)

X { [= q ,COS 0, + (2S. 1 2 2+ (cx. sin oi)2)12I2 (42)

where

°i = (- 2 log U,) 112

and

0i. = 27rU+M

~T~' 1/ 

where

(37)

(38)

(39)

1� I I
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(43)

(44)

I ,

Xij = (-�Tlog U)1/2,
1
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For clutter significant (CM > N) o -a

,X.={ [CX1 + aj Cos tbi + (2Sj .)1 /2 ] 2 + (Yi + sin a i)2 },

where the Rayleigh-noise components a. cos pi and aj sin 0i are given by

Ui = N'(- 2 log Ui+M)112

and

= i 2rUJi+WM,

with

(45)

(46)

(47)

(48)

the clutter is given by

CX = pCX,_1 + (1 - p 2 )1/2a sIn (49)

and

CYI- = pCYI.-1 + (1 - p2 1 ajco (50)

in which

(51)= C'(- 2 log VUi 1 /2

and

(52)

with

C'= [C/(C+N)]1 1 , (3

and the initial clutter values are

and

CX 0 C'U0 Cos 0

CYo = C'ao sin 00. (55)

At this point all the data pulses Xjj have been generated, and the simulation of the de-
tector can begin. First, a decision is made whether to use linear video (Fortran variable
XLOG = 0.0) or log video (XLOG = 1.0), according to the value of XLOG specified at input.
Next the moving-window detector is initiated by integrating the first M pulses:

27

(54)

112N'= [NI(C + N) ] ,

(53)
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MS

tZj = E _jj, j NF, ...,NL, (56)
i=NS

where

MS=NS+M- 1. (57)

For each of the remaining pulses (i = MS + 1 to NF) the moving window for each cell
is updated:

Aj = j + xlj - X;i-Mj (58)

The detection threshold Tj for the jth range cell (j = 12, 13, and 14) uses either all the
reference cells, the half with the minimum mean value, or the half with the maximum mean
value. Furthermore the threshold may be based on either one parameter (the mean) or two
parameters (the mean and the variance). Thus the mean is

NR

2NR~ (~, iE (+ l i +Aj-1 -i). (59a)

NR

t j N E ++ (59b)
R ji=1

or

1NR

j N L ZNR (59c)NR 

and the corresponding mean squares are

NR
\j 2 E(1 + Z (60a)

NR j=1

NR

zj2=NR Z? +1+i' (60b)

and

NR

Z- NR (60c)
NR J-
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The standard deviation is

a0= [Z? _ 2 ] 2 (61)

where Zt and Z. use the same reference cells. The two-parameter threshold for either linear
or log video is

Tj =Z.j + Nou a, (62)

where No is the number of standard deviations specified at input. (Appropriate values of
No are given in Appendix A.) The two-parameter threshold for log video has dubious mean-
ing, since the threshold can be dominated by the shape of the density function near zero.
The one-parameter threshold is

Tj NoZ. (63)

for linear video and

Tj =No + Z. (64)

for log video.

For each range cell j the first (FCj) and last (LCj) azimuth crossings of the threshold
Ti are sav'ed. These values are calculated under the restrictions that there is at least one Z. <
Tj at an azimuth smaller than LCj and that there is no azimuth interval larger than AA (the
azimuth separation based on the pulse detection separation specified at input) between LC1
and FCj for which all Zj < Tj. Furthermore the range cell of the initial detection (smallest
azimuth) is J1 , of the second smallest is J2 , and of the last is J3 .

The action taken by the program in providing centroided detections from the Ni
detections of the ith target depends on whether any of the interfering targets are within
three range cells of the test cell, a condition which can cause merging problems with other
targets.

If there are no merging problems for target NTAR, then MER(NTAR) = 0 and the J1
detection is a valid detection. The J2 detection is valid if either

IJ1 - J2 j > 1 (65)

or

LCj2 > LCj1 +AA. (66)

The J3 detection is valid if J2 is not valid and

1J1 - J3 1 > 1 (67)

and

LCj3 > LCj2 . (68)
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If J 2 is valid, either Eq. 67 or

LCJ3> LC~i + AA

must be true and either

1J2 - I31> 1

or

LCj3 > LCj2 + AA

must be true for all three detections to be valid. For the kth valid detection of the ith target
(the target of interest NTAR) the range is

- ik = RS + (Jk + 0.5)AR, (72)

the azimuth is

Ak I, LCjl, + FCjl -03dB)/2, (73)

and the signal energy is

Sik = max (Zjk /Tj,), (74)

where k equals 1 if there is only one valid detection and takes on a maximum value of 3.

On the other hand, if there are merging problems (MER(I) = -1), a decision on valid
detections can be made only by considering all the detections from all targets. This decision
is made by calling subroutine MERDET at the end of the radar scan. The values saved for
this decision are the ranges given by Eq. 72 and the initial and final threshold crossings
given by

and

-~, 1=FC~,h 63dB / 2

A~i2 k = LCj, - 3dB/2 .

(75a)

(75h)

Table 5- MWDET Variables

Fortran Variable Description

A Rayleigh random variable (ai in Eq. 43)
AA Azimuth of the kth interfering target (Ak in Eqs. 35 and 39)
ACONZ Azimuth separation for declaring two detections (AA in

Eq. 66)
AOLDX Gaussian-clutter random variable (CXi in Eq. 49)

Table continues.
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Table 5 (Continued) - MWDET Variables

Fortran Variable Description

AOLDY Gaussian-clutter random variable (CYi in Eq. 50)
AZ(I,2J-1) Initial azimuth of the jth detection of the ith target which has a

target close by (Ai 2j-1 in Eq. 75a)
AZ(I,2J) Final azimuth of the Jth detection of the ith target which has a

target close by (Ai 21 in Eq. 75b)
AZ(I,J) Azimuth of jth detection of ith target (Aij in Eq. 73)
AZIM Azimuth position of the pulse closest to the target (0 in Eq. 17)
AZIMS Azimuth of pulse 0 (00 in Eq. 18)
Al Rayleigh random variable (ox in Eq. 51)
B Uniformly distributed phase angle (0i in Eqs. 44 and 47)
Bi Uniformly distributed phase angle (0i in Eq. 52)
C Clutter energy (C in Eqs. 40, 48, and 53)
CC - . o i Normalized clutter energy (C' in Eq. 53)
COR Clutter correlation coefficient (p in Eqs. 49 and 50)
D(J) Detection threshold for the jth range cell (Tj in Eqs. 63 and 64)
DEL Antenna azimuth change between pulses (AO in Eq. 17)
F Signal reduction due to the pulse shape (F in Eq. 32)
FDIF Normalized difference between the target range and the center

of the range cell (Fd in Eq. 34)
FFN Normalized noise energy (N' in Eq. 48)
FL Fluctuation amplitude when the amplitude is the same for all

pulses
FLUCT(I) Fluctuation amplitude of the ith pulse and the jth interfering

target (Fi in Eqs. 25 through 29)
FN Noise energy (N in Eqs. 40,48, and 53)
FSIG Number of standard deviations used in the calculation of the

threshold (N, in Eq. 62)
G Signal reduction due to the antenna pattern (G in Eq. 38)
GDIF Normalized difference between the target azimuth and the cen-

ter of the beam (Gd in Eq. 39)
IC(J) Countdown to zero after the last threshold crossing in the jth

range cell
ID(K) Range cell of the kth earliest detection (Jk in Eq. 72)
IDET(J) Status of the jth range cell: previous detection, looking for the

first threshold crossing, looking for the final crossing, or
after the final crossing

II Number of detections
IMERGE Indicator that the interfering target is in the 9th to the 17th

range cell
INF(I) Index of the ith interfering target
IS(J) Indicator that the signal is in the jth range cell (I(j) in text pre-

ceding Eq. 41)
KK Counter for random numbers
KR Range cell in which the kth interfering target lies (KR in

Eq. 30)

Table continues.
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Table 5 (Continued) - MWDET Variables

Fortran Variable Description
i

KRS
KT
(W
MER(I)

MODEL(I)

MS
M2
M3
M4
N
NC

NCONZ
NDET(I)
NF
NI

NNF
NNS
NREF

NREF2
NRF
NRS
NS
NSW

NTAR
N3DB
P

PARM

R(I)
RANGE(I,J)
RES
RR
RS
RTEMP

Range cell in which target NTAR lies (KRS in Eq. 22)
Range cell adjacent to the target cell (KT in Eq. 31)
Number of pulses generated6V - .< ILS -i -
Indicator of the interfering-target problem (target within three

range cells and 2.4 azimuth bearnwidths of the ith target) for
the ith target

Swerling fluctuation index for the ith target (NSW in text pre-
ceding Eq. 25)

Last pulse for initiation of the moving window (MS in Eq. 57)
Two times the number of pulses generated
Three times the number of pulses generated
Four times the number of pulses generatedNumber of targets '- , --; r -4te'tv 
Closest pulse in azimuth to the kth interfering target (NC in

Eq. 35)
Pulse separation for declaring two detections
Number of detections of the ith target
Last pulse simulated (NF in Eq. 20)
Number of targets in the reference cells (NI in text preceding

Eq. 25)
Last signal pulse for the kth interfering target (NNF in Eq. 37)
First signal pulse for the kth interfering target (NNS in Eq. 36)
Number of reference cells on each side of the test cell (NR in

Eqs. 59 and 60)
Two times NREF (2NR in Eqs. 59a and 60a)
Last range cell used (NL in Eq. 24)
First range cell used (NF in Eq. 23)
First pulse simulated (NS in Eq. 19)
Index of Swerling fluctuation model (NSW in text preceding

Eq. 25)
Target of interest NTAR
Number of pulses integrated M
Function of the clutter correlation ((1 - p2 )1/2 in Eqs.49

and 50)
Parameter to denote whether the mean (PARM = 1) or the

mean and variance (PARM = 2) should be used to calculate
the threshold

Uniform random numbers (Ui in Eqs. 27, 29,41, and 43)
Range of the jth detection of the ith target (R i in Eq. 72)
Range-cell dimension (AR in Eq. 21)
Range of the kth interfering target (Rk in Eq. 30)
Range of the first of 25 range cells (RS in Eq. 21)
Range to the center of the KTth range cell (R,7 in Eq. 34)

Table continues.
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Table 5 (Concluded) - MWDET Variables

Fortran Variable I Description

S
SM

SN(J)
SNDET(I,J)

SNINT
SNREF(K)
SS(IJ)

SUM
THRSH
TH3DB
TIME(I)
TRGPOS(I,4)
TRGPOS(I,5)
TWOPI
U
ULOW

UUP
X(IJ)

XFIRST(J)
XLAST(J)
XLOG

XMS
XMSLOW
XMSUP

Signal energy S
Normalized signal energy including the effects of the pulse

shape
Maximum normalized signal amplitude in the jth range cell
Maximum signal amplitude of the jth detection of the ith target

(S1j in Eq. 74)
Maximum integrated signal-to-noise ratio
Signal energy of the kth interfering target (Pk in Eq. 40)
Signal energy of the ith pulse in the jth range cell (Sij in Eqs.

42 and 45)
Integrated sum of the jth range cell (Z. in Eq 56)
Indicates the reference cells to be used
The antenna 3-dB azimuth beamwidth (03dB in Eqs. 39 and 73)
Detection time of the ith target
Range of the ith target (Rk in Eq. 30)
Azimuth of the ith target (Ak in Eq. 35)
Two times 3.1415926536, or 27r
Mean value of the reference cells (Zj in Eq. 59a)
Mean value of the lower half of the reference cells (Zj in

Eq. 59c)
Mean value of upper half of the reference cells (Zj in Eq. 59b)
Video return of the ith pulse in the jth cell (xij in Eqs. 41, 42,

and 43)
First threshold crossing in the jth cell (FCj in text after Eq. 64)
Last threshold crossing in the jth cell (LCj in text after Eq. 64)
Denotes the type of video to be used (linear video if XLOG = 0

and log video if XLOG = 1)
Mean square of the reference cells (Zj? in Eq. 60a) -2
Mean square of lower half of the reference cellsjZj in Eq. 60c)
Mean square of upper half of the reference cells (Zj in Eq. 60b)

C=

r-11
r-

f-11
�11

M.
t=

Subroutine STAB2

Subroutine STAB2 generates a new azimuth position for each target detection, because
the radar is unstabilized.AThe routine is initialized by calling the entry point STBINT. The
initialization section first reads four input parameters with a 4F8.2 format (Table 6):

RMAX - maximum roll angle (deg),
PMAX - maximum pitch angle (deg),
RPER - roll period (s),
PPER - pitch period (s).

Next, the angles are converted to radians, and the random-number generator is used to
generate uniform phase angles for the roll and pitch cycles.
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The modified azimuth positions are generated by calling STAB2 once per scan from
the executive routine (after all detections have been obtained). The roll R and the pitch P
angles at time t are

R = Rm sin (2irtITR + OR)

and

P = Pm sin (27rt/Tp + Op),

(76)

where Rm and Pm are the maximum roll and pitch angles, TR and Tp are the corresponding
periods, and OR and Op are uniform phase angles between 0 and 27r. The measured azimuth
position a,, (in the deck plane) is [31

am = tan-1 [sin a cos R + (cos a sin P + tan e cos P) sin Ri +

amI= L cos a cos P-tan e sin P I
(78)

where ox and e are the true azimuth (re ship heading) and elevation angles of the target and e
is the previously calculated azimuth error.

Table 6 - STAB2 Variables

Fortran Variable Description

A Azimuth of the target in the deck plane with zero measured error
AA Azimuth of the target (a in Eq. 78)
ATEMP Azimuth measurement (between 7r and 37r)
AZ Azimuth measurement (between 0 and 2ir) (am in Eq. 78)
CP Cosine of the pitch angle
CR Cosine of the roll angle
K Number of detections per target
NDET(I) Number of detections of the ith target
NTARG Number of targets
PFAC Frequency of the pitch cycle
PHASE(1) Phase angle of the roll (OR in Eq. 76)
PHASE(2) Phase angle of the pitch (tp in Eq. 77)
PI 3.1415926536, or ir
PITCH Pitch angle (P in Eqs. 77 and 78)
PMAX Maximum pitch angle (Pm in Eq. 77)
PPER Period of pitch cycle (Tp in Eq. 77)
RADIAN 57.29578 , the number of degrees in a radian, or 180/7r
RFAC Frequency of the roll cycle
RMAX Maximum roll angle (Rm in Eq. 76)
ROLL Roll angle (R in Eqs. 76 and 78)
RPER Period of the roll angle (TR in Eq. 76)
SHIP(5) Ship heading
SP Sine of the pitch angle
SR Sine of the roll angle
TE Tangent of the target elevation
TIME Time of detection
TRGPOS(I,5) Azimuth of the target
TRGPOS(I,6) Elevation of the target
TWOPI Two times 3.1415926536, or 27r
X Trigonometric function of the angles
Y Trigonometric function of the angles
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Subroutine VRCLT2

Subroutine VRCLT2 generates scan-to-scan independent clutter points in specified
areas and is called once per scan by the executive routine after FXCLT2 has been called.
The routine is initialized by calling the entry point VCINIT. The initialization section first
reads two parameters with a 2I8 format (Table 7):

ISET - initialization number for the random-number generator,
NREG - number of clutter regions.

Next for each clutter region (a maximum of five regions) five parameters are specified
according to a 5F8.2 format:

FN - average number of detections in the clutter region,
RS - initial range of the clutter region (kft),
RF - final range of the clutter region (kft),

THS - initial azimuth of the clutter region (deg),
THF - final azimuth of the clutter region (deg).

The input parameters are converted to nautical miles and radians for internal use, and the
inverse of the density per unit azimuth Fi is generated by

Fi = (OF - OS)INi, (79)

where Os and OF are the initial and final azimuth boundaries of the ith clutter region and
Ni is the average number of detections in the ith region.

The detected clutter points are generated by calling VRCLT2 once per scan. The clut-
ter regions are processed one at a time. For each clutter region the azimuth interval Ai
between detections is generated by Ai = Fi log Ui, where Ui is a uniformly distributed
random number. If

L 4•< (O -O5 ), (80)
j=1

the new detection is accepted. Its measured azimuth and range are

0= Os + E Ai (81)

j=1

and

R = (K + 0.5)AR, (82)

where AR is the range-cell dimension and

K = integer { [RS + (RF - RS)Vi]I /AR}, (83)
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in which Rs and RF are the initial and final range boundaries of the ith clutter region and
Vi is a uniformly distributed random number. The associated detection time is

T1 = To+ (AT)O/27r, (84)

where To is the time of the zero-bearing crossing and AT is the scan period. The roll and
pitch angles at time t are

roll = Rm sin (2irt/TR + OPR) (85)

and

pitch = Pm sin (27rt/Tp + Op), (86)

where Rm and Pm are the maximum roll and pitch angles, TR and Tp are the corresponding
periods, and OR and 'p are uniform phase angles between 0 and 27r.

On the other hand, if

L A > (OF - OS),
j=n

then the new detection is out of the present clutter region and the next clutter region is
considered.

Table 7- VRCLT2 Variables

(87)

Table continues.
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Fortran Variable I Description

A Azimuth of the detection (0 in Eq. 81)
AZOUT Azimuth of the detection (output) (0 in Eq. 81)
ELOUT Elevation of detection E (equals zero)
FLAM Inverse azimuth density of the clutter points in the ith clutter region

(Fi in Eq. 79)
FN Average number of detections in the region (Ni in Eq. 79)
IC Number of fixed clutter points detected
IRAN Random-number counter
ISET Initialization number for the random-number generator
IV Total number of clutter detections (fixed plus variable)
K Range-cell number (K in Eqs. 82 and 83)
NREG Number of regions (maximum of five)
PEAC Frequency of the pitch cycle
PIHASE(1) Phase angle of the roll (OR in Eq. 85)
PIIASE(2) Phase angle of the pitch ('p in Eq. 86)
PMAX Maximum pitch angle (Pm in Eq. 86)
PTOUT(I) Pitch angle at the time of the ith detection (pitch in Eq. 86)
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Table 7 (Concluded) - VRCLT2 Variables

Fortran Variable Description
I__________________________ =

RADIAN
RAN
RC(19)
RES
RF
RFAC
RLOUT(I)
RMAX
RMODE(1,5)
ROUT(I)
RS
SOUT(I)
T
THF
THS
TIMSCN
TIMZB
TOUT(I)
TWOPI

57.29578 0, the number of degrees in a radian, or 180/ir
Array of random numbers Ui, Vi, and W1
Range-cell dimension (AR in Eq. 82)
Range-cell dimension (AR in Eq. 82)
Final range of the clutter region (RF in Eq. 83)
Frequency of the roll cycle
Roll angle at the time of the ith detection (roll in Eq. 85)
Maximum roll angle (Rm in Eq. 85)
Scan period (AT in Eq. 84)
Range of the ith detection (R in Eq. 82)
Initial range of the clutter region (Rs in Eq. 83)
Power of the ith detection
Time of the zero-bearing crossing (To in Eq. 84)
Final azimuth of the clutter region (OF in Eq. 79)
Initial azimuth of the clutter region (0s in Eq. 79)
Scan period (AT in Eq. 84)
Time of the zero-bearing crossing (To in Eq. 84)
Time of the ith detection
Two times 3.1415926536, or 27r

ROUTINES EXCLUSIVE TO SURDET3D

SURDET3D Executive Routine

The SURDET3D executive routine drives the detection model for 3D surveillance
radar systems. The model itself consists of subroutines that perform specialized functions;
the SURDET3D executive routine links these routines together (Fig. 3). The modular con-
struction of the model facilitates changes and additions to the existing version.

The SURDET3D executive routine begins by setting constants and conversion factors
for use by the model's subroutines. It then reads in the first two data input cards. (The next
subsection describes user input, and Table 8 describes the variables.) The first card contains
the output-control parameter ANSi, which determines the amount of printed output pro-
duced. The options include no output printed (ANSI = 0), only the detection output
printed (ANSi = 1), and the detailed output printed (ANSi = 2). The second input card
contains the run identification, which consists of an integer radar identification followed by
alphanumeric descriptive information of the user's choice. The radar identification is used to
label the output files for subsequent use as input to the MERIT tracking program [2].

SURDET31D monitors the input of the scenario data by calling a sequence of sub-
routines. Subroutine INITAL reads the radar data, subroutine TARGET reads the parame-
ters defining the targets and jammers, and subroutine ENVIRN reads the environmental
data. Subroutines FCINIT and VCINIT are called to input the data defining the fixed clutter
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egn define scenario by input parameters

4 ~~initialize clutter and roll/pitch

(FCIN IT)

initialize Itargets generate initial calculate current
initaliz targets azimuth beam position target positions

MATC INIT31 NEWPOS I

r -I 
calculate signal-to-noise ratios determine

calcl
0

ADJDET|

erge+ multiple
target I detections .
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Fig. 3 - Subroutine linkage by the SURDET3D executive routine. The solid lines indicate pro-
gram flow, and the dashed lines indicate subroutines called. The names in parentheses are entry
points. The loops for multiple radar modes and multiple targets are not indicated.
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area and variable clutter areas respectively. Roll and pitch characteristics of the radar plat-
form are read by subroutine STBINT.

The game time by which the radar must be initialized, RINIT, is next read as an input
directly by the executive routine and then modified by the radar scan offset, if any. Sub-
routine MATCH is called to determine the time each target first comes within the instru-
mented range of the radar. The minimum time among this set of times from MATCH is then
further decreased by 30 s to insure clutter samples prior to detections, and the earlier of
this result and RINIT, the maximum radar initialization time, becomes the game initializa-
tion time. The end of the game is set to coincide with the last target's reaching the end of
its trajectory. At this point an identification record for the detection output file consisting
of the radar identification and the radar scan. rate is written on the logical unit specified by
the parameter IOUT.

The recursive portion of the routine begins with a call to subroutine INIT3D, which
generates an initial azimuth beam position for the start of the first elevation scan. The posi-
tions of all targets and jammers at current game time T are determined by subroutine
NEWPOS. An elevation scan is then performed for each target active at current time T as
follows. Given an active target I, SURDET3D steps through the defined radar (elevation)
modes. For each mode the routine first determines if target I is within instrumented range,
is above the radar horizon, is within the appropriate angular vertical coverage of the pencil
beam or the cosecant-squared beam, and is beyond the minimum radar range. Unless all
of these conditions are met, target I is dropped from further consideration by this (eleva-
tion) mode. The routine next compares the elevation angle of target I to the current mode's
(mode J) elevation beam center. If the difference exceeds the radar's vertical 3-dB beam-
width, target I is dropped from further consideration by this mode. Otherwise, SURDET3D
proceeds to compute the signal energy and the noise and clutter energies for target I by
calling subroutines SIGNAL and NOISE respectively. It next uses subroutine DET3D to
determine any detections of target I by the current radar mode, printing a record of each
detection if the print-control parameter ANS1 indicates that detailed output is desired.

When an elevation scan has been completed for each target active at time T, subroutine
MRDT3D is called to merge adjacent detections and estimate the range, azimuth, elevation,
and signal power of the centroided detections. The centroided detections are further
modified for roll and pitch of the radar platform by subroutine STAB3. Detections of fixed
and of variable clutter for current game time T are determined by calls to subroutines
FXCLT3 and VRCLT3 respectively. A report of centroided target detections and false
alarms (clutter detections) is printed if ANS1 indicates that any printed output is desired. A
similar output scan record for use as subsequent input to the MERIT tracking program [2]
is written on the logical unit specified by IOUT.

To initiate a new radar scan, the current game time T, which represents the time the
radar starts its current scan at zero azimuth, is increased by the radar scan period (as spec-
ified for radar scan-mode 1). If the new game time does not exceed ENDTIM, the time at
which the run ends, then control is returned to the beginning of the recursive portion of
the program. Otherwise a recycle control parameter is read which specifies one of the
following four options:

* A new scenario is to be read to initiate a new run, in which case program control is
transferred to the beginning of the executive routine;

39



DAVIS AND TRUNK

* Radar parameters from the run just completed are to be retained, but the rest of
the scenario is to be redefined for a new run, so program control is transferred to the point
where subroutine TARGET is called;

* Radar and target parameters are to be retained, but a new environment is to be
specified for a new run, so program control is transferred to the point where subroutine
ENVIRN is called;

* All runs are completed.

Table 8- SURDET3D Variables

Fortran Variable Description

ACON

ALPHAD
AMBN
ANS1

AZ(I,K)
AZINIT
AZOUT(L)
AZ3(I,K,J)
BETA

BHDEG
BUF

BUF(1)
BUF(2)
BUF(3)
BUF(4)
BUF(5)
BUF(6)

BUFA

BUFA(1,K)

BUFA(2,K)
BUFA(3 ,K)
BUFA(4,K)
BUFA(5,K)
BUFA(6 ,K)
BUFA(7 ,K)
BUFA(8,K)

I

Constant used in sea-state calculations (to be described in the sub-
section on subroutine JAM in the next main section)

Grazing angle of the clutter patch (deg)
Thermal noise energy (J)
Printed output control:

0 = no output printed
1 = detection output only printed
2 = detailed output printed

Azimuth of the kth centroided detection of target I
Azimuth beam position at the start of the elevation scan
Azimuth of the Ith clutter detection
Azimuth of the kth detection of target I by mode J
Constant used in sea-state calculations (described in the subsec-

tion on subroutine JAM)
Azimuth of target I in degrees for printing
Scan-output-ID array written on logical unit IOUT

Scan number
Start time of the present scan
Number of detections (including false alarms)
Radar ID
Ship's heading (rad)
Total number of targets

Detection history array written on logical unit IOUT for each
target detection or false alarm K

Target number or clutter detection number of the kth detec-
tion

Range of the kth detection (n.mi.)
Azimuth of the kth detection (rad)
Elevation of the kth detection (rad)
Time of the kth detection (s)
Signal energy of the kth detection (dB)
Roll angle of the kth detection (rad)
Pitch angle of the kth detection (rad)

Table continues.
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Table 8 (Continued) - SURDET3D Variables

Fortran Variable

BUFB

BUFB(1 ,I)
BUFB(2,I)
BUFB(3 ,I)
BUFB(4 ,I)
BUFB(5,I)

BVDEG

CCM
CNM
CONV

DBE
DBN
DWL(J)
ELEV(I,K)
ELOUT(L)
ENDTIM
ENVIR(3)

FAC4
FOPIQB
FOPISQ
GN
IANS

IC
ICNT
IMODE(J,1)
IOUT
ISC
ISTAT(I)

ISWIT

Description

Target true-position array written on logical unit IOUT for each
defined target

Target number (I)
Slant range to the true target-I position (n.mi.)
Azimuth of the true target-I position (rad)
Elevation of the true target-I position (rad)
Time when the radar scans by target I (s)

Elevation of target I measured from the horizon in degrees for
printing

Speed of light (cm/s)
Speed of light (n.mi./s)
Conversion factor for converting natural logarithms to dB (10

log1 o e)
Signal energy of target I with respect to mode J (dB re 1 J)
Total noise energy with respect to mode J (dB re 1 J)
Frequency increment for mode J (Hz)
Elevation of the kth centroided detection of target I
Elevation of the Ith clutter detection
Time at which the current run terminates (h)
Multipath indicator:

0 = no multipath
1 = multipath

Multipath propagation factor to the fourth power
(47r)3
(4ir)2
One-way antenna gain
Recycle run control:

1 = new run with a new radar and new targets and environ-
ment

2 = new run with the current radar and new targets and
environment

3 = new run with the current radar and targets and a new
environment

4 = all runs completed
Number of fixed clutter detections on the current scan
Detection counter used for the output file
Number of pulses integrated for mode J
Logical unit for the detection output file
Radar-scan counter
Status indicator for target I:

0 = target is inactive
1 = target is active

Frequency indicator:
0 = frequency of the current scan mode differs from the

previous mode
1 = no change in frequency from the last mode

Table continues.
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Table 8 (Continued) - SURDET3D Variables

Fortran Variable

ITITLE
IV

MER3(I)

MUL

NC(K)
NDET(I)
NDET3(I,J)
NEXT
NREF
NSCAN
NTARG
OFR
PBBS
PITCH(I)
PTOUT(R)
RADIAN
RANGE(IK)
RANGE3(I,K,J)
RC(1)
RC(4)
RC(5)
RC(6)
RC(11)
RC(12)
RC(13)
RC(14)
RC( 15)

RC(16)
RC(17)
RC(18)
RC(20)

RC(21)

Description

Array containing alphanumeric run identification
Number of fixed and variable clutter detections on the current

scan
Indicator of interfering-target problems with respect to target I:

0 = no merging problem
-1 = merging problem with target I, target detected
-2 = merging problem with target I, target not detected

Multipath indicator:
0 = no multipath
1 = multipath

Index of the kth detector fixed clutter point
Number of centroided detections of target I
Number of detections of target I by mode J
Current radar scan mode
Number of reference cells on each side of the test cell
Number of radar scan modes defined
Number of targets (to be detected)
Frequency of the current radar scan mode (MHz)
Elevation beam center of the current radar mode
Pitch angle at the time of detection of target I
Pitch at the time of the kth clutter detection
Conversion factor for radians to degrees (180/7r)
Range of the kth centroided detection of target I
Range of the kth detection of target I by mode J
Basic radar frequency (MHz)
Horizontal 3-dB beamwidth (rad)
Vertical 3-dB beamwidth (rad)
One-way antenna gain
Power received for target I (W)
Signal energy for target I (J)
Clutter energy for target I (J)
Thermal noise plus jamming for target I (J)
Number of reference cells on each side of the target cell used in

the moving-window detector
Clutter correlation coefficient
Number of standard deviations used in the detection threshold
Azimuth offset between beam positions (rad)
Detector video type:

0 = linear video
1 = log video

Number of reference cells used to calculate the threshold:
0 = all cells used

< 0 = half with smaller mean value used
> O - half with larger mean value used

Table continues.
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Table 8 (Concluded) - SURDET3D Variables

Fortran Variable

RC(22)

RE
RFR

RINIT
RLOUT(K)
RMODE(J,1)
RMODE(J,2)
RMODE(J,5)
RMODE(1,6)
RMODE(J,7)
RMODE(J,9)

ROLL(I)
ROUT(K)
SHIP(5)
SIGC
SMODE(J,1)
SN

SNDET(I,K)
SNDET3(I,K,J)
SNTRUE
SOUT(K)
T
TARCS
THH
THV
TIME(I)
TIME3(I)
TOUT(K)
TRGPOS(I,4)
TRGPOS(I,5)
TRGPOS(I,6)
TSCAN(I,J)

V
XJAMN
XKTOMS
XNMTOM
XYZF(I,4)

Description

Parameters used to calculate the threshold:
1 = mean used
2 = mean and variance used

4/3 of the earth's radius (m)
Ratio of the basic radar frequency to the frequency of the cur-
rent radar mode

Latest time by which the radar is to begin scanning
Roll at the time of the kth clutter detection
Lower 3-dB point of the elevation angle coverage for mode J (deg)
Upper 3-dB point of the elevation angle coverage for mode J (deg)
Interlook period for mode J (h)
Scan offset for mode 1 (h)
Instrumented range for mode J (n.mi.)
Earliest time any target enters the instrumented range of radar

mode J
Roll angle at the time of detection of target I
Range of the kth clutter detection
Heading of the ship (rad)
Total sea-clutter energy
Blanking range for mode J (n.mi.)
Signal-to-noise ratio (dB) (assuming the radar is pointing at the

target)
Signal energy of the kth centroided detection of target I
Signal energy of the kth detection of target I by mode J
Signal energy
Signal energy of the kth clutter detection
Current game time (h)
Target cross section
Basic radar horizontal 3-dB beamwidth (rad)
Basic radar vertical 3-dB beamwidth (rad)
Time of the detection of target I (s)
Time of the detection of target I (s)
Time of the kth clutter detection (s)
Slant range of target I (n.mi.)
Azimuth of target I (rad)
Elevation of target I measured from the horizon (rad)
Time when target I comes within the instrumented range of radar

mode J (h)
Range extent of the clutter cell (m)
Total jamming energy (J)
Conversion factor for knots to meters per second
Conversion factor for nautical miles to meters
Time when target I reaches the endpoint of its trajectory (h)

43

II



DAVIS AND TRUNK

Input for SURDET3D

An engagement scenario consists of a radar, one or more targets to be detected, and an
optional number of sources of jamming radiation (subsequently referred to as jammers) set
in a specified environment. The number of targets and jammers together is limited to 20.
The required input information is divided into the definitions of the radar, targets, and
jammers, an environment with optional clutter, and output and recycle control parameters.
The data cards required are:

Data card 1-printed-output control integer (I5 format):

0 = no output printed,
1 = only the detection output printed,
2 = detailed output printed;

Data card 2-title card (I4, 19A4 format):

1. Radar integer ID,
2. Alphanumeric run identification;

Data card 3-ship (radar) position (4F8.2 format):

1-3. Position coordinate (x, y, z) (kft),
4. Ship heading (deg);

Data card 4-11 basic radar parameters (9F8.2,J2,F6.2 format):

1. Radar frequency (MHz),
2. Antenna pattern function indicator (0 = pencil beam and 1 = cosecant-squared

beam),
3. Receiver noise (dB),
4. Horizontal 3-dB beamwidth (deg),
5. Vertical 3-dB beamwidth (deg),
6. One-way antenna gain (dB),
7. One-way sidelobe level (dB down from peak),
8. Receiver loss (dB),
9. Transmitter loss (dB),

10. Number of scan modes (limited to 30),
11. Linear polarization (00 to 900, where 00 = horizontal and 900 vertical);

Data cards 5 and 6 (one set for each radar scan mode)-15 parameters for each scan
mode (10F8.2/5F8.2 format):

1. Lower 3-dB point of the elevation-angle coverage (deg),
2. Upper 3-dB point of the elevation-angle coverage (deg),
3. Peak power (MW),
4. Pulse length (,us),
5. Interlook period (s) (must be identical for all modes),
6. Scan offset (s),
7. Instrumented range (n.mi.),
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8. Mode-dependent loss (dB),
9. Number of pulses integrated,

10. Compressed-pulse length (ps),
11. Sea-clutter improvement factor (dB), c
12. Intermediate-frequency bandwidth (MHz) (if 0, the bandwidth is set at 1.0/

compressed-pulse length),
13. Mode-dependent frequency increment (MHz),
14. Blanking time (gs) (if 0, the blanking time is set at the pulse length),
15. Rain-clutter improvement factor (dB);

Data card 7-seven parameters for the moving-window detector (7F8.2 format):

1. Number of reference cells on each side of the target cell,
2. Clutter correlation coefficient,
3. Number of standard deviations used in the threshold which determines the

probability of false alarm (guidance in setting the threshold value is given by
Appendix A),

4. Azimuth offset between beam positions (deg),
5. Video-type indicator (0 = linear video and 1 = log video),
6. Number of reference cells used for the threshold (0 = all cells used, <0 = half

with smaller mean value used, and > 0 = half with larger mean value used),
7. Parameters used to calculate the threshold (1 = mean used and 2 = mean and

variance used);

Data card 8-number of targets and jammers (total limited to 20) (215 format):

1. Number of targets,
2. Number of jammers;

Data card 9 (one card for each target and jammer, paired with a card 10)-13 target
parameters (12F6.2,13 format):

1-4. Initial coordinates (x, y, z) (kft) and time (s),
5-8. Terminal coordinates (x, y, z) (kft) and time (s),

9-11. Head-on, broadside, and minimum radar reflective areas (m
12. Jamming power density (W/MHz),
13. Marcum-Swerling cross-section model number;

Data card 10 (one card for each target and jammer, paired with a card 9)-target pro-
file parameters (14,7F6.2 format):

1. Target profile type (0 = straight-line trajectory, 1 = altitude legs, and 2 = g
maneuver at constant altitude), with profile parameters 2 through 8 that fol-
low being ignored for target profile type 0 and being as indicated for target
types 1 and 2,

2. Number of altitude nodes (maximum of three), for target type 1, or target
speed (kft/s), for target type 2,

3. First altitude node (kft), for target type 1, or initial heading of the target
(deg), for target type 2,
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4. Time of the target arrival at the first node (s) for target type 1, or time the
maneuver begins, for target type 2,

5. Second altitude node (kft), for target type 1, or radial acceleration of the
maneuver (g's), for target type 2,

6. Time of the target arrival at the second node (s), for target type 1, or ignored
for target type 2,

7. Third altitude node kilofeet (kft), for target type 1, or ignored for target
type 2,

8. Time of the target arrival at the third node (s), for target type 1, or ignored for
target type 2;

Data card 11-four environmental parameters (4F8,2 format):

1. Wind speed (knots),
2. Height of the wind-speed measurement (kft),
3. Multipath indicator (1 = multipath and 0 = no multipath),
4. Rainfall rate (mm/h);

Data card 12-nine fixed clutter parameters (218,7F8.2 format):

1. Initialization for the random- number generator for generation of fixed clutter
points,

2. Number of fixed clutter points,
3. Probability that a clutter point is detected,
4. Initial range of the clutter area (kft),
5. Final range of the clutter area (kft),
6. Standard deviation of the range measurement (percent of the range-resolution

cell size),
7. Initial azimuth of the clutter area (deg),
8. Final azimuth of the clutter area (deg),
9. Standard deviation of the azimuth measurement (percent of the horizontal

3-dB beam width);

Data card 13-two basic variable clutter parameters (218 format):

1. Initialization for the random-number generator for generation of variable
clutter points,

2. Number of clutter regions;

Data card 14-(one card for each clutter region)-seven parameters for each clutter
region (7F8.2 format):

1. Average number of clutter points in the region,
2. Initial range of the clutter area (kft),
3. Final range of the clutter area (kft),
4. Initial azimuth of the clutter area (deg),
5. Final azimuth of the clutter area in (deg),
6. Initial elevation of the clutter area (deg),
7. Final elevation of the clutter area (deg);
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Data card 15-four roll and pitch parameters (4F8.2 format):

1. Maximum roll angle (deg),
2. Maximum pitch angle (deg),
3. Roll period (s) (a number >0 should be specified),
4. Pitch period (s) (a number >0 should be specified);

Data card 16-time parameter (F8.2 format):

1. Game time (s) by which the radar must initiate scanning;

Data card 17-recycle control parameter (I5 format):

1 = a new scenario is to be read, with the next data card being data card 1,
2 = current radar parameters are to be retained, but new targets and environment

are to be read, with the next data card being data card 8,
3 = current radar and target parameters are to be retained, but a new environment

is to be read, with the next data card being data card 11,
4 = all runs completed.

All input data from data cards 2 through 16 are printed as output at the beginning of each
run.

Output from SURDET3D

An engagement is initiated either 30 s prior to the time a target first comes within the
instrumented range of a radar mode or at the latest time by which the radar must be initial-
ized (as specified by input), whichever occurs first. Once initiated, the simulation produces
an output detection report for each radar (azimuth) scan until the engagement terminates
with the last target reaching its final position. A sample printed output for a single scan is
reproduced in Fig. 4.

The sample report is identified as scan number 11 in line 1. The results of each step in
the elevation scan of target 1 and target 2 are given in lines 3 through 11 and 12 through 18
respectively. Lines 3, 6, 9, 11, 12, 14, 16, and 18 contain the following information, as
indicated by the heading in line 2:

TARGET Target number,
MODE Radar scan mode number (step in elevation scan),
TIME Time of the scan (s),
RANGE Slant range of the target from the radar (kft),
AZIM Azimuth angle of the target (deg),
ELEV Elevation angle of the target (deg),
SIGMA Radar cross section of the target (m2),
FACTOR Multipath pattern-propagation factor (dB),
ESIG Signal energy (dB re 1 J),
NAMB Ambient noise (dB re 1 J),
NCLT Clutter energy (dB re 1 J),
NJAM Jamming energy (dB re 1 J),
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E/N Signal-energy-to-noise-energy ratios (dB), with the first ratio being the
value when the radar is pointing at the target and the second ratio being
the actual value used to determine a detection,

MER3 Indicator of the interfering-target problem (to be described in the sub-
section on subroutine DET3D).

Lines 4 and 5 report two detections of target 1 by scan mode 1. The range and azimuth of
the reference cell in which each detection took place are given under RANGE and AZIM
respectively. The signal amplitude (re noise energy) corresponding to each detection is
given in decibels under ESIG. Similarly lines 7 and 8 report detections of target 1 by scan
mode 2, line 10 reports a detection of target 1 by mode 3, line 13 reports a detection of
target 2 by mode 1, line 15 reports a detection of target 2 by mode 2, and line 17 reports
a detection of target 2 by mode 3.

Lines 16 through 38 are the data constituting the output record written on logical
unit IOUT for subsequent use as input to the MERIT tracking programs [2]. (In addition
the actual range, azimuth, and elevation of each target and the time each is scanned by the
radar are also written on IOUT.) Line 19 identifies the current record by specifying the
scan number, current game time in seconds, number of detections (including false alarms),
radar identification augmented by 3000, ship's heading in radians, and number of targets de-
fined. The remaining lines, labeled by detection number, provide data as labeled by line 20
for each centroided target detection and false alarm (fixed or variable clutter detection).
The information provided for each detection starts with a detection number: 0 through 99
identifies a target, 101 through 199 indicates a fixed clutter point, and 200 represents a vari-
able clutter point. Following the detection number are the estimated range in nautical miles,
the azimuth and elevation angles in radians, the time of detection in seconds, the signal
energy in decibels, and the roll and pitch angles in radians. Presently the signal energy for
fixed and variable clutter points is set to 34.8937 and 30.4567 dB respectively. If the signal
energy is to be used by a tracking program, an appropriate signal energy must be generated.

An output report as shown in Fig. 4 is printed for each radar (azimuth) scan when the
print output control parameter (data card 1) is 2. If the parameter is 1, then only the detec-
tion history given by lines 19 through 42 is printed. If the parameter is 0, then no output
scan reports are printed.

Subroutine ADJDET

Subroutine ADJDET is called by subroutine MRDT3D. The routine determines
whether the ith detection of target KTAR in the jth mode is adjacent to any detection k in
the set of K detections which have previously been determined to be adjacent (Table 9).
Two detections are adjacent if two of their three parameters (range, azimuth, and elevation)
are the same and the other parameter differs by at most the resolution element: range-
resolution cell AXR, azimuth beamwidth 0, or elevation beamwidth y respectively. To avoid
roundoff errors, the ith detection is added to the previous set of K adjacent detections if
any of three conditions is satisfied for any kth detection in the set. The first condition is

IR - Rk I < 1.2 AR,

{A -Ak IO.lO,

JE - Ek I 0.1 aY;
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the second condition is

LR - Rk I < 0.1 AR,

jA - Ak I < 1.2 0,

1E - Ek I0.1 < ;

and the third condition is

JR - Sk I < 0.1 AR,

IA - Ak I < 0.1 0,

IE - Ek j < 1.2 y;

where R, A, and E are the range, azimuth, and elevation of the detection being tested and
Rk, Ak, and Ek are the range, azimuth, and elevation of the kth detection in the set of
adjacent detections. If the test detection is adjacent to any of the K adjacent detections, K
is increased by one and the range, azimuth, elevation, and integrated signal power of the test
detection are stored in the four elements of DETPAR(K,4). If the test detection is not
adjacent to any of the K adjacent detections, NEWJJ is increased by one, and the param-
eters (range, azimuth, and signal power) for the ith detection are stored in the location of
the parameters for the NEWJJth detection.

Table 9- ADJDET Variables

Fortran Variable | Description

A Azimuth angle A of the ith detection of target KTAR by the jth radar mode
AZ3(KTARI,J) Same as variable A
DETPAR(K,1) Range Rk of the kth adjacent detection
DETPAR(K,2) Azimuth Al of the kth adjacent detection
DETPAR(K,3) Elevation Ek of the kth adjacent detection
DETPAR(K,4) Signal power of the kth adjacent detection
E Elevation angle E of the jth radar mode
EL3DB The antenna 3-dB elevation beamwidth y
I Index of the detection being tested
J Index of the radar mode being tested
K Present number of adjacent detections
KTAR Target under consideration
NEWJJ Present number of nonadjacent detections in the previous set of I - 1 detec-

tions of target KTAR by the jth mode
R Range R of the ith detection of target KTAR by the jth radar mode
RANGE3(KTAR,I,J) Same as variable R
RES Range-cell dimension AR
RMODE(J,1) Elevation angle E of the jth radar mode
SNDET3(KTAR,I,J) Signal power of the ith detection of target KTAR by the jth radar mode
TH3DB The antenna 3-dB azimuth beamwidth 0
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Subroutine DET3D

Subroutine DET3D is called for every target and radar mode on each radar scan as long
as the difference between the center of the elevation beam of the radar mode and the target
elevation angle is less than the 3-dB elevation beamwidth. The purpose of the routine is to
declare target detections by generating pulse-to-pulse video returns, integrating the returned
signal, and comparing the returned signal to an adaptive threshold which is generated from
the surrounding reference cells. Detections can be made in adjacent range cells and adjacent
azimuth beam positions in addition to the range-azimuth cell in which the target is present.
Thus in theory a radar mode can report nine detections of a single target.

The routine initially tests whether appropriate input parameters (Table 10) are less
than preassigned values: the number of pulses integrated M is less than 32, the number of
reference cells NR on each side of the test cell is less than ten, and the absolute value of
clutter correlation coefficient p is less than 1.0. If any parameter exceeds its limit, an error
message is printed and the program stops.

Next, M times the ratio of signal to clutter-plus-noise is compared to 2. If the value is
less than 2, the target is declared not detected, the number of detections of target NTAR by
the jth mode NDET3(NTAR,J) is set to 0, and control is returned to the calling routine.
Otherwise the detailed simulation is begun by finding all the targets which lie within the
reference cells of target NTAR. The list of interfering targets INF is initialized by setting
INF(1) = NTAR, and the corresponding signal energy SNREF(1) is set equal to the target
energy S. The remaining interfering targets are found by calling subroutine RESOL, which
calculates the number of interfering targets NI, lists the index of the interfering targets in
the array INF, and lists the corresponding signal energies in SNREF.

The main recursive section of the routine generates the azimuth beam positions on
either side of the azimuth beam position with maximum gain. It first generates the azimuth
beam position preceding the main-gain beam position. This beam position 0 is

0 = OB(Ka + IAZ - 2), (88)

where IAZ = 1 for the first beam position, OB is the azimuth angle between complete eleva-
tion scans, and K. is the integer defined by

Ka = integer [(A - 0 I)1 0 B + 0.5], (89)

in which A is the target azimuth and 01 is the azimuth angle of the first elevation scan.

In the simulation the video return is generated only in the reference cells surrounding
the target. Thus, to save computer storage, only 25 range cells are saved and the target is
always placed in the 13th cell. Consequently the range to the start of the first range cell is

Rs = AR(KRS - 13), (90)

where AR is the range-cell dimension and KRS is the integer defined by

KRS = integer (R/AR), (91)

in which R is the target range.
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The first step in generating the radar video return is to generate the signal (target)
return in the appropriate range cells. Specifically, the index of the first range cell is

NF = 11 -NR, (92)

and the index of the last range cell is

NL = 15 + NR. (93)

Thus, if NR = 10, signal must be placed in all 25 range cells. The signal return for the ith
pulse and the jth range cell Sij and an indicator of signal in the jth range cell I(j) are initially
set to zero for all i and j. Then the signal return from each of the NI interfering targets lying
within the reference cells is generated. For the kth target this is accomplished by first
generating the appropriate fluctuating amplitudes Fik for the ith pulse, if the valid fluctuat-
ing amplitudes have not been calculated previously; IKEY(NTAR) = 1 indicates that Fik has
been calculated previously for Swerling cases 1 and 3 (scan-to-scan fluctuations) for either a
previous azimuth or elevation beam position. If Fik needs to be calculated (either the first
time for Swerling cases 1 and 3 or every time for Swerling cases 2 and 4), Fik is given for
the appropriate Swerling case NSW by the following equations, in which the Ui, i = 1, ...,
M, are independent random numbers uniformly distributed between 0 and 1. For NSW = 0
(nonfluctuating target)

Fik = 1, i = 1, ..., M. (94)

For NSW = 1 (scan-to-scan fluctuations, Rayleigh density)

Fik =-log U1, i = 1, ........... M. (95)

For NSW = 2 (pulse-to-pulse fluctuations, Rayleigh density)

Fik = -log Ui, i = 1, .. ,M- (96)

For NSW = 3 (scan-to-scan fluctuations, chi-square density)

Fik = - 0.5(log U, + log U2), i = 1, .........-...... M. (97)

For NSW = 4 (pulse-to-pulse fluctuations, chi-square density)

Fik - 0.5(log Ui + log UM+i), i = 1, ..., M. (98)

The signal is next placed in the appropriate range cell and the adjacent range cells by
reducing the returned signal by a [(sin x)/x ] 2 pulse shape and a [(sin x)/x] 4 antenna
pattern. The return signal from the kth target is centered in range cell KR:

KR = integer [(Rk - Rs)/AR], (99)

where Rk is the range of the kth target. The signal-return reduction F in the adjacent range
cell

KT =KR +I, I= -1, O, 1, (100)
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is given by (because of the (sin x)/x pulse shape)

F = [(sin Fd)IFd ] 2, (101)

where

Fd = 2 .7 8 3 2(Rk -RR)IAR (102)

and

RT = (KT + 0.5)AR + Rs. (103)

At this time the indicator I(KT) is set equal to 1.

Similarly the signal reduction G due to the (sin x)/x antenna pattern is

G = [(sin Gd)IGd ]4 , (104)

where

Gd = 2 .7 8 3 2 (Ak - O) BX (105)

in which Ak is the azimuth of the kth target and 03dB is the antenna 3-dB azimuth beam-
width. Finally, the signal (normalized by the clutter energy C and noise energy N) due to
the kth target in the KTth range cell for the azimuth beam position specified by Eq. 88 is

SiKT (new) = SiKT (old) + GFFi,kPk /(C + N), (106)

where Pk is the signal energy of the kth interfering target.

The calculation indicated by Eqs. 100 through 106 is first repeated for the adjacent
range cells indicated in Eq. 100. Then the calculation indicated by Eqs. 94 through 106 is
repeated for all NI targets in the reference cells. Thus at the end of all of these repetitions
Sij is the signal energy in the ith pulse and jth range cell due to all the targets in the refer-
ence cells.

Next Rayleigh noise (and possibly correlated clutter) is added to the signal to produce
the total video return xi>. The video return is generated (because of computer speed con-
siderations) for three distinct cases: clutter insignificant and no signal present in the range
cell, clutter insignificant and signal energy Sij present in the range cell, and clutter signifi-
cant. The significance of clutter is indicated by the product of clutter and the number of
pulses integrated CM being greater than N, and signal present in the jth cell is indicated by
I(j) = 1. Thus, the ith return in the jth cell xij is given as follows. For clutter insignificant
(CM < N) and no signal in the jth cell (I(j) = 0)

xij = (- 2 log Ui)11 2 , i = 1, ..., M, (107)

where the Ui are independent uniform random numbers between 0 and 1 different for each
j. For clutter insignificant (CM < N) and signal in the jth cell (I(j) = 1)

xij = I{[ai cos Oi + (2Sij)1/2 j 2 + (ai sin 0i)2}1 /2, (108)
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where

and

cxi = (- 2 log Ui)112

Oi= 2 irUi+M.

For clutter significant (CM > N)

xi; = {[CXj + ai cos Oi + (2Sij) 12]2 + (CY, + cX, sin 0,)211/2,

where the Rayleigh-noise components ai cos Oi and c&i sin Oi are given by

ai = N'(- 2 log Ui+M )112

and

(113)

with

N'= [N/(C +N)11 1 ,

the clutter is given by

CX1= pCX1 + (1 - P ) 1 asin O'

CY, = pCY,_1 + (1 - p2)1/2 &! cos i'

and the initial clutter values are

and

(109)

(110)

(111)

(112)

and

(114)

in which

(115)

and

(116)

with

x!= C'(- 2 log U,)1 /2

I = 2irUi+2 MU,

(117)

C' = [C/(C + N)]11 2

(118)

(119)

CX0 = C'Q0 COS 0

CY0 = C'a0 sin 0'.

(120)
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Next a decision is made whether to use linear video (Fortran variable XLOG = 0.0) or
log video (XLOG = 1.0), according to the value of XLOG specified at input. Then the M
pulses are integrated in each range cell, yielding the values

M

Z= Xj. (122)
i=1

The detection threshold Tj for the jth range cell (j = 12, 13, and 14) uses either all the
reference cells, the half with the minimum mean value, or the half with the maximum mean
value. Furthermore, the threshold may be based on either one parameter (the mean) or two
parameters (the mean and the variance). Thus the mean is

1 NR

~j 21NR N(Zj+1+ + zj-R-d) (123a)

NR

Zi i j~~j (123b)

or

NR

NR E=1

and the corresponding mean squares are

NR

-2= - 1 (Zj+1+i +Zj-2 -i) (124a)
_R j=

N L_ j++i) (124b)R

and

NR

Z 2 = 1 E Z (124c)

The standard deviation is

agj [Z _(Zj) 2 ] 1/ 2 (125)
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where Zj and ZJ use the same reference cells. The two-parameter threshold for either linear
or log video is

Tj = Zj + F aj, (126)

where the parameter Fe is used to set the false alarm rate. (Appropriate values of F, are
given in Appendix A.) The two-parameter threshold for log video has dubious meaning,
since the threshold can be dominated by the shape of the density function near zero. The
one-parameter threshold is

Tj = F. Zj (127)

for linear video and

Tj = FJ + Zj (128)

for log video.

Finally, detections are declared by comparing Z12 , Z13 , and Z14 to T12 , T13 , and T14
respectively. If Zj is greater than Tj, a detection is declared in the jth range cell, the counter
for the number of detections denoted by II is increased by one, and the following detection
parameters are saved:

II, the number of detections,
Rs + (j + 0.5)AR, the range of the detection,
0, the azimuth of the detection,
Zj(C + N), the signal amplitude of the detection, and
Time, the time of the detection.

Also, if any target lies within three range cells and 2.4 azimuth beamwidths of target
NTAR, MER3(NTAR) is set to -1, which notes this interfering-target condition.

After the detection tests have been performed for the initial azimuth beam position
with IAZ = 1, all calculations are repeated for the other two beam positions. If there are
interfering-target conditions and if the target has not been detected on this mode or pre-
vious modes of this radar scan, MER3(NTAR) is set to -1. Then control is returned to the
executive routine.

Table 10 - DET3D Variables

Fortran Variable | Description

A Rayleigh random variable (oi in Eq. 109)
AA Azimuth of the kth interfering target (Ak in Eq. 105)
AOLDX Gaussian clutter random variable (CXi in Eq. 115)
AOLDY Gaussian clutter random variable (CYj in Eq. 116)
AZBBP Azimuth angle between elevation scans (OB in Eq. 88)
AZIM Azimuth of the center of the present beam position (0 in Eq. 88)

Table continues.
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Table 10 (Continues) - DET3D Variables

Fortran Variable I Description

AZINIT
AZ3(I,II,J)
Al
B
Bi
C
Cc
COR
D(J)

F
FDIF

FFN
FL
FLUCT(I,J)

FN
FSIG

G
GDIF

IAZ
II
IKEY(NTAR)

IMERGE

INF(I)
IS(J)

KAZ
KK
KR
KRS
KT
M
M2
M3
M4
MER3(I)

MODE

Azimuth of first complete elevation scan (0 in Eq. 89)
Azimuth of the 11th detection of the ith target by the jth mode
Rayleigh random variable (a! in Eq. 117)_
Uniformly distributed phase angle (0i in Eq. 113)
Uniformly distributed phase angle (O' in Eq. 118)
Clutter energy (C in Eqs. 106, 114, and 119)
Normalized clutter energy (C' in Eq. 119)
Clutter correlation coefficient (p in Eqs. 115 and 116)
Detection threshold for the jth range cell (Tj in Eqs. 126, 127, and

128)
Signal reduction due to pulse shape (F in Eq. 101)
Normalized difference between the target range and the center of

range cell (Fd in Eq. 102)
Normalized noise energy (N' in Eq. 114)
Fluctuation amplitude when the amplitude is the same for all pulses
Fluctuation amplitude of the ith pulse and the jth interfering target

(Fik in Eqs. 94 and 98)
Noise energy (N in Eqs. 106, 114, and 119)
Number of standard deviations used in the calculation of the thresh-

old (F. in Eq. 126)
Signal reduction due to the antenna pattern (G in Eq. 104)
Normalized difference between the target azimuth and the center of

the beam (Gd in Eq. 105)
Index of the current azimuth beam position (IAZ in Eq. 88)
Number of detections (II in text after Eq. 128)
Indicator that fluctuation amplitudes have been calculated at least

once for target NTAR
Indicator that the interfering target is in the 9th to the 17th range

cell
Index of the ith interfering target
Indicator that the signal is in the jth range cell (I(j) in text preceding

Eq. 107)
Azimuth beam position closest to the target (K. in Eq. 89)
Counter for random numbers
Range cell in which kth interfering target lies (KR in Eq. 99)
Range cell in which target NTAR lies (KRS in Eq. 91)
Range cell adjacent to the target cell (KT in Eq. 100)
Number of pulses integrated M
Two times the number of pulses integrated
Three times the number of pulses integrated
Four times the number of pulses integrated
Indicator of an interfering-target problem (a target within three range

cells and 2.4 azimuth beamwidths of the ith target) for the ith
target

Active radar mode

Table continues.
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Table 10 (Continues) - DET3D Variables

Fortran Variable

MODEL(I)

MS
N
NDET3(I,J)
NF
NI
NREF

NREF2
NRF
NRS
NS
NSW

NTAR
N3DB
P k

PARM

R(I)
RANGE3(I,II,J)
RES
RR
RS
RTEMP
S
SM
SNDET3(I,II,J)

SNINT
SNREF(K)
SS(I,J)

SUM(J)
THRSH
TH3DB
TRGPOS(I,4)
TRGPOS(I,5)
TWOPI
U
ULOW
UUP
X(I,J)

Description

Swerling fluctuation index for the ith target (NSW in text preceding
Eq. 94)

Number of pulses integrated M
Number of targets
Number of detections of the ith target by the jth radar mode
Last pulse simulated (M in Eqs. 94 through 98)
Number of targets in the reference cells (NI in text after Eq. 106)
Number of reference cells on each side of the test cell (NR in Eqs.

123 and 124)
Two times NREF (2N1? in Eqs. 123a and 124a)
Last range cell used (NL in Eq. 93)
First range cell used (NF in Eq. 92)
First pulse simulated (1 in Eqs. 94 through 98)
Index of the Swerling fluctuation model (NSW in text preceding

Eq. 94)
Target of interest
Number of pulses integrated M
Function of the clutter correlation ((1 - p2)112 in Eqs. 115 and 116)
Parameter to denote whether the mean (PARM = 1) or the mean and

the variance (PARM = 2) should be used to calculate the threshold
Uniform random numbers (Ui in Eqs. 96 and 98)
Range of the Ilth detection of the ith target by the jth mode
Range-cell dimension (AR in Eq. 90)
Range of the kth interfering target (Rk in Eq. 99)
Range to the first of the 25 range cells (RS in Eq. 90)
Range to the center of the KTth range cell (RT in Eq. 103)
Signal energy S
Normalized signal energy including the effects of the pulse shape
Signal amplitude of the IIth detection of the ith target by the jth

mode
Maximum integrated signal-to-noise ratio
Signal energy of the kth interfering target (Pk in Eq. 106)
Signal energy of the ith pulse and the jth range cell (Sij in Eqs. 108

and 111)
Integrated sum of the jth range cell (Zj in Eq. 122)
Indicates reference cells to be used
The 3-dB azimuth antenna beamwidth (03dB in Eq. 105)
Range of the ith target (R in Eq. 91)
Azimuth of the ith target (A in Eq. 89)
Two times 3.1415926536, or 27r
Mean value of the reference cells (Zj in Eq. 123a)
Mean value of lower half of the reference cells (Zj in Eq. 123c)
Meanvalue of upperhalf of the reference cells (Zj in Eq. 123b)
Video return of the ith pulse in the jth cell (xij in the text preceding

Eq. 107)

Table continues.
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Table 10 (Concluded) - DET3D Variables

Fortran Variable Description

XLOG Denotes the type of video to be used (linear if XLOG = 0 and log if
XLOG = 1)

XMS Mean square of the reference cells (Z 2 in Eq. 124a)
XMSLOW Mean square of the lower half of the reference cells (Z2 in Eq. 124c)
XMSUP Mean square of the upper half of the reference cells (Z 2 in Eq. 1 24b)

Subroutine FXCLT3

Subroutine FXCLT3 generates fixed clutter points and is called once per scan by the
executive routine. The routine is initialized by calling the entry point FCINIT. The initial-
ization section reads in the following nine inputs with a (2I8,7F8.2) format (Table 11):

ISET - initialization number for the random-number generator,
N - number of fixed clutter points,

PROB - probability that a clutter point is detected,
RS - initial range of the clutter area (kft),
RF - final range of the clutter area (kft),

SIGR - standard deviation of the range measurement (fractions of a range cell),
THS - initial azimuth of the clutter area (deg),
THF - final azimuth of the clutter area (deg),

SIGA - standard deviation of the azimuth measurement (fractions of a beam-
width).

The initialization section calculates the range-cell dimension AR by

AR = cr,12, (129)

where c is the speed of light and TC is the compressed pulsewidth. Next the input values are
converted to nautical miles and radians for internal use. Finally, N fixed clutter points are
generated by

Ri = RS + (RF - RS)Ui (130)

and

Oi = OS + (OF - S)Vi, (131)

where Ri and Oi are the range and azimuth of the clutter points, RS and RF are the initial
and final range boundaries of the clutter area, OS and OF are the initial and final azimuth
boundaries of the clutter area, and U1 and Vi are independent, uniformly distributed ran-
dom numbers.
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The detected clutter points are generated by calling FXCLT3 once per scan. For each
clutter point a uniform random number U is compared to Pr, the probability of detecting
the clutter point. If U < Pr the clutter point is assumed to be detected, Gaussian errors are
added in range and azimuth, and the azimuth measurement is corrupted by roll and pitch.
The range measurement is

Rm (K + 0.5)AR, (132)

where

K = integer { [Ri + uR (- 2 log Ui)112 cos 2irVi] /AR}, (133)

in which uR is the measurement standard deviation and Uj and Vz are uniform random
numbers. The errors in azimuth and elevation are

Ca =00 (- 2 log Ui)1/2 sin 27rVi (134)

and

ee = Wie,/2, (135)

where ao is the standard deviation of the azimuth measurement, 0e is the elevation beam-
width, and Uj, Vi, and Wi are uniformly distributed random numbers. The angles of roll R
and pitch P at time t are

R = Rmax sin (21rt/TR + OR) (136)

and

P = Pmax sin (2irt/Tp + Ap), (137)

where Rmax and Pmax are the maximum roll and pitch angles, TR and Tp are the cor-
responding periods, and OR and Op are uniform phase angles between 0 and 27r. The meas-
ured azimuth position am (in the deck plane) is [3]

= tan-1 sin a cos R + (cos a sin P + tan e cos P) sin R] + (138)
cos a cos P - tan e sin P a

and the measured elevation position em is [3]

em = sin-' [cos e cos a sin P + sin e cos P) cos R - cos e sin a sin R ] + Ce, (139)

where a = Oi is the true azimuth, e.= 0 is the true elevation of the clutter point, and ea and
Ce are the previously calculated azimuth and elevation errors. Finally the measurements am
and em which are relative to the deck plane of the ship can be rotated into a system whose
xy plane is the plane of the ocean. These equations are [3]

a' = tan-[ sin R sin em + cos R sin am cos em (140)
cos P cos am cos em + D sin (
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and

em = sin-1 [sin P cos am cos em + D cos PI, i-n

where

(142)D = cos R sin em + sin R sin am cos em.

The detection time Ti is proportional to the azimuth:

Ti = To + (AT)Oi/27r,

where To is the time of the start of the scan and AT is the scan period.

Table 11 - FXCLT3 Variables

Fortran Variable Description

A Azimuth of the clutter point in the deck plane with zero measurement
error

AA True azimuth of the clutter point with respect to the ship (a in Eqs.
138 and 139)

AM Azimuth measurement (between 7r and 37r)
AT Measured azimuth (between 0 and 2ir) (am in Eq. 138)
ATEMP Azimuth measurement (between ir and 37r)
AZ True azimuth of the clutter point (Oi in Eq. 143)
AZOUT Azimuth measurement (am in Eq. 138)
CP Cosine of the pitch angle
CR Cosine of the roll angle
E Elevation of the target in the deck plane
EL True elevation e of the clutter: e = 0
ELOUT Elevation measurement (em in Eq. 141)
ET Elevation measurement (em in Eq. 139)
IC Number of fixed clutter points detected this scan
ISET Initialization number for the random-number generator
K Range cell of the measurement (K in Eq. 132)
N Number of fixed clutter points
NC Index of the clutter point detected
N2 Two times N
N3 Three times N
N4 Four times N
PFAC Frequency of the pitch cycle
PHASE(1) Phase angle of the roll (OR in Eq. 136)
PHASE(2) Phase angle of the pitch (bp in Eq. 137)
PMAX Maximum pitch angle (Pmax in Eq. 137)
PROB Probability that the clutter point is detected (Pr in text preceding

Eq. 132)

Table continues.
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Table 11 (Concluded) - FXCLT3 Variables

Fortran VariableI Description

PTOUT
R
RADIAN
PAN
RAY
RC(4)
RC(5)
RC(19)
RES
RF
RFAC
RLOUT
RMAX
RMODE(1,5)
ROUT
RS
SHIP(5)
SIGA
SIGR
SOUT
SP
SR
T
TAU
TE
TH
THF
THS
TIMSCN
TIMZB
TOUT
TWOPI
X
Y

Pitch at the time of the ith detection (P in Eq. 137)
True range of the clutter point (Ri in Eq. 130)
57.295780, the number of degrees in a radian, or 180/7r
Array of uniform random numbers (Ui in Eqs. 130, 133, and 134)
Rayleigh random number
Azimuth beam width
Elevation beamwidth (Oe in Eq. 135)
Range-cell dimension (AR in Eq. 129)
Range-cell dimension (AR in Eq. 132)
Final range of the clutter area (RF in Eq. 130)
Frequency of the roll cycle
Roll at the time of the ith detection (R in Eq. 136)
Maximum roll angle (Rmax in Eq. 136)
Scan period (AT in Eq. 143)
Range measurement (Rm in Eq. 132)
Initial range of the clutter area (RS in Eq. 130)
Ship heading
Standard deviation of the azimuth measurement (ao in Eq. 134)
Standard deviation of the range measurement (aR in Eq. 133)
Energy of the ith detection
Sine of the pitch angle
Sine of the roll angle
Time of the start of the radar scan (To in Eq. 143)
Compressed pulsewidth (s) (TC in Eq. 129)
Tangent of the elevation angle (zero)
Uniform distributed phase angle
Final azimuth of the clutter area (OF in Eq. 131)
Initial azimuth of the clutter area (Os in Eq. 131)
Scan period (AT in Eq. 143)
Time of the zero-bearing crossing (To in Eq. 143)
Detection time (Ti in Eq. 143)
Two times 3.1415926536, or 27r
Trigometric function of angles
Trigonometric function of angles

Subroutine INITAL

Subroutine INITAL is called once by the SURDET3D executive routine. Its purpose is
to establish constants, to read ship (radar platform) and radar data in kilofeet and seconds,
and to convert the units to internal units (nautical miles and hours) for use by other sub-
routines (Table 12).
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The location and heading of the ship or radar platform, which is to remain stationary
throughout an engagement, and the antenna height above sea level are specified by four
radar-position input parameters read into the SHIP array:

SHIP(1) -x position coordinate (kft),
SHIP(2) -y position coordinate (kft),
SHIP(3) - z position coordinate (antenna height above sea level) (kft),
SHIP(5) -ship heading (deg).

It is often convenient to let the radar platform be located at the origin (0, 0) of the scenario
coordinate system.

A radar is described by specifying 11 basic parameters followed by 15 descriptors for
each of up to 30 operational radar scan modes and moving-window detector data. Typical
radar scan modes include different elevation beams, long-range search, high-angle low-
energy search, burnthrough, and horizon scan. The 11 basic radar input parameters, which
are stored in the RC array, in NSCAN, and in POLRZ, are:

RC(1) - Radar frequency (MHz),
RC(2) - Antenna-pattern indicator (0 = pencil beam and 1 = cosecant-squared beam),
RC(3) - Receiver noise (dB),
RC(4) -Horizontal 3-dB beamwidth (deg),
RC(5) -Vertical 3-dB beamwidth (deg),
RC(6) - One-way antenna gain (dB),
RC(7) - One-way sidelobe level (dB down from peak),
RC(8) - Receiver line loss (dB),
RC(9) - Transmitter line loss (dB),

NSCAN - Number of scan modes to be defined (a number not to exceed 30),
POLRZ - Linear polarization from 00 to 900 (0° = horizontal and 900 = vertical).

Each radar scan mode J is described by the following 15 input parameters, which are
read into the RMODE, IMODE, SUBC, DWL, and SMODE arrays:

RMODE(J,1)
RMODE(J,2)
RMODE(J,3)
RMODE(J,4)
RMODE(J,5)
RMODE(J,6)
RMODE(J,7)
RMODE(J,8)
IMODE(J,1)

RMODE(J,11)
SUBC( TJ)

RMI DE(J,1 2)

DWL(J)

- lower 3 dB-point of the elevation-angle coverage (deg),
- upper 3 dB-point of the elevation-angle coverage (deg),
- peak power (MW),
- pulse length (ps),
- interlook period (time between scans) (s)
- scan offset (relative to radar initialization) (s),
- instrumented range (n.mi.),
- mode-dependent loss (dB),
- number of pulses integrated,
- compressed-pulse length (ps),
- sea-clutter improvement factor (dB),
- intermediate-frequency bandwidth (MHz) (if 0 is entered, the band-

width is set at 1.0/(compressed-pulse length)
- mode-dependent frequency increment (MHz) (if DWL(J) is nonzero,

the effective horizontal and vertical beamwidths and antenna gain for
this scan mode are also affected),
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SM - blanking time (bs) (if 0 is entered, the blanking time is set at the
pulse length),

SMODE(J,2) - rain-clutter improvement factor (dB).

These radar scan modes are numbered in ascending order as they are defined, beginning
with 1.

The moving window detector is defined by the following seven input parameters,
stored in the RC array:

RC(15) - number of reference cells on each side of the target cell,
RC(16) - clutter correlation coefficient,
RC(17) - number of standard deviations used in the threshold (determines the prob-

ability of a false alarm),
RC(18) - azimuth offset between beam positions,
RC(20) - video-type indicator (0 = linear video and 1 = log video),
RC(21) -number of reference cells used for the threshold (0 = all cells used, <0 =

half with smaller mean value used, and > 0 = half with larger mean value
used),

RC(22) - Parameters used to calculate the threshold (1 = mean used and 2 = mean and
variance used).

Subroutine INITAL also performs checks on the input data with the result that:

* The number of radar scan modes is limited to 30,

* The interlook period for each mode is set equal to 10 s if its input value is zero or
negative,

m The IF bandwidth for each mode is set equal to the reciprocal of the compressed
pulse length if its input value is zero or negative, and

* The blanking time for each mode is set equal to the pulse length if its input value is
zero.

Table 12 - INITAL Variables

Fortran Variable Description

DWL(J) Frequency increment for mode J (MHz)
IMODE(J,1) Number of pulses integrated for mode J
IMODE(J,2) max (.BIFrC, 1) rounded to the nearest integer for mode J
MILLION 1 X 106
MM Effective number of pulses integrated
NSCAN Number of scan modes
PI 3.1415926536, or ir
PIOVER2 One half of 3.1415926536, or 7r/2

Table continues.
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Table 12 (Concluded) - INITAL Variables

Fortran Variable Description

POLRZ
RADIAN
RC(1)
RC(2)

RC(3)
RC(4)
RC(5)
RC(6)
RC(7)
RC(8)
RC(9)
RC(10)
RC(15)

RC(16)
RC(17)
RC(18)
RC(20)

RC(21)

RC(22)

RMODE(J,1)
RMODE(J,2)
RMODE(J,3)
RMODE(J,4)
RMODE(J,5)
RMODE(J,6)
RMODE(J,7)
RMODE(J,8)
RMODE(J,11)
RMODE(J,12)
SHIP(1)
SHIP(2)
SHIP(3)
SHIP(5)
SM
SMODE(J,1)
SMODE(J,2)
SUBC(J)
TAU(J)
TWOPI

Linear polarization (00 to 900, where 00 = horizontal and 900 vertical)
57.295780, the number of degrees in a radian, or 180/7r
Radar frequency f (MHz)
Indicator of the antenna-pattern function:

0 = pencil beam
1 = csc2 beam

Receiver noise
Horizontal 3-dB beamwidth (deg to rad)
Vertical 3-dB beamwidth (deg to rad)
One-way antenna gain
One-wa sidelobe level
Receiver losses
Transmitter losses
Boltzmann's constant times the system temperature, or kT (J)
Number of reference cells on each side of the target cell used in the

moving-window detector
Clutter correlation coefficient
Number of standard deviations used in the detection threshold
Azimuth offset between beam positions (deg to rad)
Detector video type:

0 = linear video
1 = log video

Number of reference cells used to calculate the threshold:
0 = all cells used

<0 = half with smaller mean value used
>0 = half with larger mean value used

Parameter to denote whether the mean (RC(22) = 1) or the mean and
variance (RC(22) = 2) should be used to calculate the threshold

Lower 3-dB point of the elevation-angle coverage for mode J (deg)
Upper 3-dB point of the elevation-angle coverage for mode J (deg)
Peak power for mode J (MW to W)
Pulse length for mode J (Mis to s)
Interlook period for mode J (s to h)
Scan offset for mode J (s to h)
Instrumented range for mode J (n.mi.)
Mode-dependent loss for mode J
Compressed-pulse length for mode J (,s)
Intermediate-frequency bandwidth for mode J (MHz to Hz)
x coordinate of the ship position (kft to n.mi.)
y coordinate of the ship position (kft to n.mi.)
Antenna height (kft to n.mi.)
Ship heading,(deg to rad)
Blanking time used to calculate SMODE(J,1) (ps)
Blanking range for mode J (n.mi.)
Rain-clutter improvement factor for mode J
Sea-clutter improvement factor for mode J
Compressed-pulse length for mode J, or rT (s)
Two times 3.1415926536, or 27r
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Subroutine INIT3D

The INIT3D subroutine is called at the beginning of each scan of the 3D radar by the
executive routine. The main purpose of the routine is to generate an initial azimuth beam
position for the start of the first elevation scan. Successive elevation scans are then offset in
azimuth by AZBBP, an input variable (Table 13). The initial azimuth AZINIT is uniformly
distributed between 0 and AZBBP. A secondary purpose of this routine is to zero three
arrays: NDET3(I,J), the number of detections of the ith target by the jth mode; MER3(I),
an indicator of merging problems for the ith target; and IKEY(I), an indicator that the
fluctuating statistics have already been generated for the appropriate Swerling target models.
for the ith target.

Table 13 - INIT3D Variables

Fortran Variable Description

AZBBP Change in azimuth between successive elevation scans
AZINIT Azimuth of the initial elevation scan
IKEY(I) Indicator that target fluctuation statistics have (IKEY(I) = 1) or have

not (IKEY(I) = 0) been generated for the ith target
MER3(I) Indicator of an interfering-target problem (a target within three

range cells and one azimuth beamwidth of the ith target) for the
ith target:

0 = no merging problem
-1 = merging problem and target detected
-2 = merging problem and target not detected.

N Number of targets
NDET3(I,J) Number of detections of the ith target by the jth mode
NSCAN Number of radar modes

Subroutine MRDT3D

Subroutine MRDT3D is called once at the end of the radar scan after all the detections
for each target and radar mode have been made. The purpose of the routine is to merge
adjacent detections from the 3D radar and estimate the range, azimuth, and elevation of the
centroided detection. The number of detections, the range, the azimuth, the elevation, the
signal power of the centroided detection, and the detection time are stored in NDET,
RANGE, AZ, ELEV, SNDET, and TIME respectively (Table 14).

The merging is accomplished by examining all the detections for each target. If there
are no detections of target KTAR by any mode, the number of detections NDET(KTAR) is
set equal to 0, and the indicator of interfering targets MER(KTAR) and the detection time
TIME(KTAR) are set equal to MER3(KTAR) and TIME3(KTAR) respectively.

If there are detections of target KTAR, the last detection of the lowest (index) radar
mode is eliminated, and its parameters (range, azimuth, elevation, and signal power) are
stored in DETPAR(1,1), DETPAR(1,2), DETPAR(1,3), and DETPAR(1,4) respectively.
The number of adjacent targets K is set equal to 1, and KSTART, the number of adjacent

66



NRL REPORT 8228

detections of each target and radar mode is set equal to K. Then each ith detection of
target KTAR by the jth mode is examined to see whether it is adjacent to any of the pre-
vious K adjacent detections; this is accomplished by calling subroutine ADJDET. At the
start of the jth mode, the nonadjacent detection counter NEWJJ is initialized to 0, and at
the end of examining all detections for the jth mode, NDET(KTAR,J) is set equal to
NEWJJ. Thus at the end of the jth mode the NEWJJ nonadjacent detections are stored in
the first NEWJJ locations of the detection arrays associated with the Jth mode. The detec-
tions of target KTAR by all radar modes are examined in this way. Then if target KTAR has
an interfering-target problem (indicated by MER3(KTAR) = -1), all other targets LTAR
with interfering-target problems (MER3(LTAR) = -1) are also examined to find other
adjacent detections. After all such targets have been examined, KSTART is compared to K.
If K is greater than KSTART, KSTART is set equal to K, and the remaining detections for
all targets (including target KTAR) are reexamined to find possible new adjacent detections.
This procedure is repeated until K = KSTART. Then the target parameters of the centroided
detection of target KTAR are estimated using the K adjacent detections.

The estimates of range R, azimuth A, elevation E, and signal power S are

K K
R = L SkRk Sk, (144)

k=l

K /K

A = E SkAk/ Sk, (145)
k=l k=l

K K

E = E SkEk Sk' (146)
k=/.

and

S = max {S1, S2 ... ,SK}, (147)

where Rk, Ak, Ek, and Sk are the range, azimuth, elevation, and signal power respectively
associated with the kth adjacent detection. If E is less than the radar's elevation 3-dB beam-
width, the estimate can be corrupted by multipath propagation, so the following estimate of
elevation is used:

E =(Emin + Emax)/2, (148)

where

Emnip= min {El, E2 , EK} (149)

and

Emax max {El,E2, EK}. (150)
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The centroided estimates of range, azimuth, elevation, and signal power are stored in
RANGE, AZ, ELEV, and SNDET.

After the centroided estimates are made, target KTAR is reexamined to determine
whether there are any unused detections. If there are any unused detections, the last unused
detection in the lowest radar mode is used as a starting point, and the entire procedure is
repeated. The maximum number of centroided detections for any target is limited to three.
After all detections of target KTAR are used, target KTAR + 1 is examined.

Table 14 - MRDT3D Variables

Fortran Variable

AZ(KTAR,I)

AZ3(KTAR,I,J)

DETPAR(K,1)
DETPAR(K,2)
DETPAR(K,3)
DETPAR(K,4)
ELEV(KTAR,I)

EL3DB
EMAX

EMIN

I
II
J
JJ
K
KTAR
LTAR
MER(I)

MER3(I)
N
NDET(I)
NDET3(I,J)
NEWJJ

NSCAN

Description

Azimuth of the ith centroided detection of target KTAR (A in
Eq. 145)

Azimuth of the ith detection of target KTAR by the jth radar
mode

Range of the kth adjacent detection (Rk in Eq. 144)
Azimuth of the kth adjacent detection (Ak in Eq. 145)
Elevation of the kth adjacent detection (Ek in Eq. 146)
Signal power of the kth adjacent detection (Sk in Eq. 147)
Elevation of the ith centroided detection of target KTAR (E

in Eq. 146)
The antenna 3-dB elevation beamwidth
Maximum elevation of the adjacent detections (Emax in Eqs.

148 and 150)
Minimum elevation of the adjacent detections (Emin in Eqs.

148 and 149)
Index of the detection being tested
Number of centroided detections for target KTAR
Index of the mode being examined
Number of detections in the jth mode
Number of adjacent detections
Index of the target being centroided
Index of the target being examined to find adjacent detections
Indicator of an interfering target problem (a target within

three range cells and 2.4 azimuth beamwidths of the ith
target) for the ith centroided target:

0 = no interfering targets
-1 = interfering targets and the ith target detected
-2 = interfering targets and the ith target not detected

Indicator of an interfering-target problem for the ith target
Number of targets
Number of centroided detections for the ith target
Number of detections of the ith target by the jth mode
Present number of nonadjacent detections in the previous set

of I - 1 detections of target KTAR by the jth mode
Number of scan modes

Table continues.
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Table 14 (Concluded) - MRDT3D Variables

Fortran Variable

RANGE(KTAR,I)

RANGE3(KTAR,I,J)

RES
RMODE(J,1)
SNDET(KTAR,I)

SNDET3(KTAR,I,J)

TH3DB
TIME(I)
TIME3(I)

Description

Range of the ith centroided detection of target KTAR (R in
Eq. 144)

Range of the ith detection of target KTAR by the jth radar
mode

Range-cell dimension
Elevation angle of the jth mode
Signal power of the ith centroided detection of target KTAR

(S in Eq. 147)
Signal power of the ith detection of target KTAR by the jth

radar mode
The antenna 3-dB azimuth beamwidth
Time when the ith target is detected
Time when the ith target is detected

C:

C_
r-
:3�_
411

_r

rr
1:7--

Subroutine STAB3

Subroutine STAB3 generates a new azimuth and elevation position for each target
detection because the radar is unstabilized. The routine is initialized by calling the entry
point STBINT. The initialization section first reads four input parameters with a 4F8.2
format (Table 15):

RMAX - maximum roll angle (deg),
PMAX - maximum pitch angle (deg),
RPER -roll period (s),
PPER - pitch period (s).

Next, the angles are converted to radians, and the random-number generator is used to
generate uniform phase angles for the roll and pitch cycles.

The modified azimuth and elevation positions are generated by calling STAB3 once
per scan from the executive routine (after all detections have been obtained). The roll R and
pitch P angles at time t are

R = Rm sin (27rt/TR + OR) (151)

and

P Pm sin (2irt/Tp + Op) (152)

where Rm and Pm are the maximum roll and pitch angles, TR and TP are the corresponding
periods, and ObR and Op are uniform phase angles between 0 and 27T. The measured azimuth
position am (in the deck plane) is [3]
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am = tan-,1 [sin a cos a sin P + tan e cos P) sin R
cos a cos P - tan e sin PI

+ a (153)

and the measured elevation position em is [3]

em = sin-' [(cos e cos a sin P + sin e cos P) cos R - cos e sin a sin R I + ee, (154)

where a and e are the true azimuth (re ship heading) and elevation angles of the target and ea
and ee are the previously calculated azimuth and elevation errors.

If one measured only am and not em, one would have large azimuth errors. For
instance, if R = 100,P = 50, and e = 150, the azimuth error can be as large as 50 even
though a,, = 0.50. However, if em is measured and R and P are known, the measurements
am and em, which are relative to the deck plane of the ship, can be rotated into a system
whose xy plane is the plane of the ocean. These equations are [3]

a' tan-1 r-sin R sin em + cos R sin am cos em
[ cos P cos am cos em + D sin P J

em = sin-1 (sin P cos am cos em + D cos P),

(155)

(156)

D = cos R sin em + sin R sin am cos em . (157)

It is assumed that the radar makes the corrections indicated by Eqs. 155 and 156; thus Eqs.
155 and 156 are used as the measured azimuth and elevation respectively.

Table 15 - STAB3 Variables

Fortran Variable Description

A Azimuth of the target in the deck plane with zero measured error
AA True azimuth of target (a in Eqs. 153 and 154)
AM Corrected azimuth measurement (between ir and 37r)
AT Azimuth measurement (between 0 and 27r) (am in Eq. 153)
ATEMP Azimuth measurement (between 7r and 37r)
AZ Corrected azimuth measurement (between 0 and 27r) (am in

Eq. 155)
CP Cosine of the pitch angle
CR Cosine of the roll angle
E Elevation of the target in the deck plane with zero measurement

error
EL True elevation of the target (e in Eqs. 153 and 154)

Table continues.
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Table 15 (Concluded) - STAB3 Variables

Fortran Variable] Description

ELEV Corrected elevation measurement (em in Eq. 156)
ET Elevation measurement (em in Eq. 154)
K Number of detections per target
NDET(I) Number of detections of the ith target
NTARG Number of targets
PFAC Frequency of the pitch cycle
PHASE(1) Phase angle of the roll (OR in Eq. 151)
PHASE(2) Phase angle of the pitch (op in Eq. 152)
PI 3.1415926536, or 7r
PITCH Pitch angle (P in Eq. 152)
PMAX Maximum pitch angle (Pm in Eq. 152)
PPER Period of the pitch cycle (Tp in Eq. 152)
RADIAN 57.295780, the number of degrees in a radian, or 180/7r
RFAC Frequency of the roll cycle
RMAX Maximum roll angle (Rm in Eq. 151)
ROLL Roll angle (R in Eq. 151)
RPER Period of the roll angle (TR in Eq. 151)
SHIP(5) Heading of the ship
SP Sine of the pitch angle
SR Sine of the roll angle
TE Tangent of the target elevation
TIME(I) Time when the ith target is detected
TRGPOS(I,5) Azimuth of the target
TRGPOS(I,6) Elevation of the target
TWOPI Two times 3.1415926536, or 2ir
X Trigonometric function of angles
Y Trigonometric function of angles

Subroutine VRCLT3

Subroutine VRCLT3 generates scan-to-scan independent clutter points in specified
areas and is called once per scan by the executive routine after FXCLT3 has been called.
The routine is initialized by calling the entry point VCINIT. The initialization section first
reads two parameters with a 2I8 format (Table 16):

ISET - initialization number for the random-number generator,
NREG - number of clutter regions,

Next for each clutter region (maximum of five regions) seven parameters are specified
according to a 7F8.2 format:

FN - average number of detections in the clutter region,
RS - initial range of the clutter region (kft),
RF - final range of the clutter region (kft),
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THS - initial azimuth of the clutter region (kft),
THF - final azimuth of the clutter region (kft),
ELS - initial elevation of the clutter region (kft),
ELF - final elevation of the clutter region (kft).

The input parameters are converted to nautical miles and radians for internal use, and the
inverse of the density per unit azimuth Fi is generated by

Fi = (O9F - OS)INi' (158)

where Os and OF are the initial and final azimuth boundaries of the ith clutter region and Ni
is the average number of detections in the ith region.

The detected clutter points are generated by calling VRCLT3 once per scan. The
clutter regions are processed one at a time. For each clutter region the azimuth interval Ai
between detections is generated by Ai - Fi log Ui, where Ui is a uniformly distributed
random number. If

E < 6(OF - OS), (159)
j=1

the new detection is accepted. Its measured azimuth, range, and elevation are

0 = Os + E 'A, (160)
j=1

R = (K + 0.5)AR, (161)

and

E = FS + (EF - ES)Wi, (162)

where AR is the range-cell dimension, EF is the final elevation of the clutter region, Es is
the initial elevation of the clutter region, and

K = integer {[Rs + (RF - RS)Vi] /AR}, (163)

in which Rs and RF are the initial and final range boundaries of the ith clutter region and
Vi and Wi are uniformly distributed random numbers. The associated detection time is

Ti = TO + (AT)O/27, (164)

where To is the time of the zero-bearing crossing and AT is the scan period. The roll and
pitch angles at time t are

roll = Rm sin ( 27rt/TR + OR) (165)
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and

pitch = Pm sin (27rt/Tp + Op), (166)

where Rm and Pm are the maximum roll and pitch angles, TR and Tp are the corresponding
periods, and OR and Op are uniform phase angles between 0 and 2ir.

On the other hand, if

i

L Aj > ( rFn- rS),
j=l

(167)

then the new detection is out of the present clutter region and the next clutter region is
considered.

Table 16 - VRCLT3 Variables

Fortran Variable

A
AZOUT
ELF
ELOUT
ELS
FLAM

FN
IC
IRAN
ISET
IV
K
NREG
PFAC
PHASE(1)
PHASE(2)
PTOUT(I)
PMAX
RADIAN
RAN
RC(19)
RES
RF
RFAC
RLOUT(I)
RMAX
RMODE(1,5)

Description

Azimuth of the detection (0 in Eq. 160)
Azimuth of the detection (output) (0 in Eq. 160)
Final elevation of the clutter region (EF in Eq. 162)
Elevation of the detection (E in Eq. 162)
Initial elevation of the clutter region (Es in Eq. 162)
Inverse azimuth density of the clutter points in the ith clutter region

(Fi in Eq. 158)
Average number of detections in the region (Ni in Eq. 158)
Number of fixed clutter points detected
Random-number counter
Initialization number for the random-number generator
Total number of clutter detections (fixed plus variable)
Range-cell number (K in Eqs. 161 and 163)
Number of regions (maximum of five)
Frequency of the pitch cycle
Phase angle of the roll (OR in Eq. 165)
Phase angle of the pitch (Op in Eq. 166)
Pitch angle at the time of the ith detection
Maximum pitch angle (Pm in Eq. 166)
57.295780, the number of degrees in a radian, or 180/7r
Array of random numbers Uj, Vi, and Wi
Range-cell dimension (AR in Eq. 161)
Range-cell dimension (AR in Eq. 161)
Final range of the clutter region (RF in Eq. 163)
Frequency of the roll cycle
Roll angle at the time of the ith detection
Maximum roll angle (Rm in Eq. 165)
Scan period (AT in Eq. 164)

Table continues.
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Table 16 (Concluded) - VRCLT3 Variables

ROUTINES COMMON TO BOTH VERSIONS OF SURDET

Function BEAM

Function BEAM is used by subroutines JAM, SIGNAL, and GAIN to determine the
normalized beam-pattern factor. The function can handle cosecant-squared and pencil-
beam patterns.

The function is called with four calling parameters (Table 17): ALPHA, BETA,
GAMMA, and KEY1. ALPHA is the angle between the pencil-beam boresight and the target,
which in the orientation shown in Fig. 5 is positive clockwise (Fig. 5). For cosecant-squared
beams ALPHA is measured from the center of the main beam. BETA is the 3-dB beam-
width. GAMMA is an indicator that specifies whether the beam-pattern factor is being
determined horizontally or vertically, and KEY1 is also an indicator that identifies the beam
type.

(a) Pencil beam

h a TARGET

RADAR HORIZON

RADAR HORIZON

(b) Cosecant-squared beam

Fig. 5 - Beam patterns
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Fortran Variable Description

ROUT(I) Range of the ith detection (R in Eq. 161)
RS Initial range of the clutter region (RS in Eq. 163)
SOUT(I) Power of the ith detection
T Time of the zero-bearing crossing (To in Eq. 164)
THF Final azimuth of the clutter region (OF in Eq. 158)
THS Initial azimuth of the clutter region (Os in Eq. 158)
TIMSCN Scan period (AT in Eq. 164)
TIMZB Time of the zero-bearing crossing (To in Eq. 164)
TOUT(I) Time of the ith detection
TWOPI Two times 3.1415926536, or 2ir

____________________________________________________ I
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Function BEAM uses a (sin x)/x curve to represent the horizontal and i - lta

patterns of the pencil beam and the horizontal beam pattern of the cosecr7;'
The vertical beam pattern of the cosecant-squared beam is modeled by a 2

(sin x)/x representation and an extended fan above the main beam in wvlici hie ~.$.teixwa
gain will vary with elevation angle according to R2 /h 2, where R is thre slarflnt rancge to the
target and h is the height shown in Fig. 5b.

The first step in the calculation is to normalize the angle a; that is, the beam pattern is
assumed to be a (sin KU)/KUc curve with a 3-dB beamwidth given by 3, so that the normalized
angle 0 on a (sin x)fx curve that corresponds to a is

0 2.78 a (168)

where 2.78 rad is the 3-dB beamwidth on a (sin x)/x curve.

The next step in the calculation depends on the beam type and its orientation. If the
beam is a pencil beam or if the horizontal pattern factor is being determined for a cosecant-
squared beam, then the beam-pattern factor (power) is

f= (0) (169)

unless 101 < 10-6 or 101> 7r, in which cases

f=1.0,I 10<10--6 (170a)

and

f fSL, I0I>'I, (170b)

where fSL is the input sidelobe level.

When the beam is a cosecant-squared beam and the vertical beam pattern factor is be-
ing determined, the calculation is more complicated. The main beam is pointed at some
angle E above the horizon (Fig. 5). This can be expressed as a function of the 3-dB beam-
width j and a constant k:

E= 2o .(171)
2

The location of the point on the main beam at which the tangent to the beam is horizontal
determines the start of the cosecant-squared portion of the beam. If the main beam can be
represented by a (sin KX)/KX curve, this point is found as follows: A point on the curne with
elevation angle 0 has a radius r or normalized power magnitude given by
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sin pO 2
r = tPO / 

where

2.78
p = _3

and

0 =O - E.

Expressing r in rectangular coordinates and differentiating with respect to x yields

X +yy' = sip Ot
r PO

[cos pO sin p6] 1',

(176)0 =tan-1 Y
x

and

of= 1+2 x -I

xyt - y (177)

At the angle oh where the cosecant-squared beam pattern starts, y' = 0. Combining Eqs.
175 and 177 and inserting y' = 0 gives

x sinpOh
-r = - 2p pr "Poh~

sin P0 h
r=-2p Peh

[cosPOh sin POhl y

P[ h (p~h)2J r2 I

FcosP~h sin P0hl
I POh _ Poh tan Oh,

L Poh (Poh ) 2
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where Okh is the elevation angle corresponding to Oh . Substituting the expression for r from
Eq. 172 gives

0O1 + 2p ICOtPOh - tan h. (179)

It is reasonable to assume that Oh and oh are small. With this assumption it can be
shown that

1 - P~hcot P0 h - - h (180)

and

tan Oh tkOh. (181)

This reduces Eq. 179 to

2p2 4z _

23 =-1 (182)

or, by substituting Eq. 174,

2p2 Oh(Oh -E) =3, (183)

which can be rearranged into the quadratic form

2 - OhE - 3 = 0 (184)
2p2

with the root

Oh=E + (E 2 + 6/p 2 )'1 /2 1
fh ~2 (185)

By use of Eqs. 171 and 173 this can be expressed as a function of j3:

2= + (k4 +(2.78)2) f2 

=0 [k + (k2 + 3 .1)1/2] (186)
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TIhe Doraiallzed beam-pattern factor (power) for the vertical pattern of the cosecant-
squared beamn can now be determined according to the position of the target. If the target
elevation is above 0h, the antenna beam-pattern factor will vary with elevation according
to the square of the cosecant:

csc2 0
(187)

whe-hr'fie K is readily found to be

K = f (h) CSC2 okh,

csc 2 oh

=csc2 

Table 17- BEAM Variables

, or".tian Variable L Description

A1LPIi-A Angle between the boresight and the target (rad) (ar in Eq. 168)
BETA The 3-dB beamwidth (rad) (O in Eq. 168)
DBDOWN First-sidelobe power-level ratio
GAMMA Beam pattern indicator:

0 o pencil beam
1 = csc2 beam

HOFK Elevation angle at which the slope of the (sin px)/px beam pattern
equals zero (rad) (oh in Eq. 178)

KY i3Y1 Beam- pattern-factor indicator:
o = horizontal
1 = vertical

PBIS The elevation of the boresight of the main-beam portion of the csc2

beam (rad) (E in Eq. .171)
RMOD)E(J,2) Upper elevation limit for mode J (rad) (EU in Fig. 5)
SINC Normalized beam-pattern factor (power) (f in Eqs. 169, 170, and

191)
THE-T,',A Normnalized angular position of the target (rad) (0 in Eqs. 168, 174,

and 176)
TIirE'PB The 3-dB bearnwidth (rad) of the main-beam portion of the

cosequent-squared beam multiplied by a constant k that sets
THETBK equal to twice the elevation of the pencil-beam bore-
sight

If the target elevation is less than or equal to Oh,
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f (= [ p(=i -E) J (190)

In summary, the beam-pattern factor for the vertical pattern of the cosecant-squared
beam can be expressed as follows:

sn 2.78 2.78, 19a
( i3[M - (ko/2)]} [-(k3/2)] (191a)

(J 2.78 csc 2 oh 2.78 csc 2 oh '

= sin - 2 2 EU >I>Oh
i .. f301h - (k3/2)] csc2 [h - (k3/2)] csc2 I (191b)

= first sidelobe level, q > EU (191c)

This completes the computation, and control of the program is returned to the calling
subroutine.

Subroutine CLTSIG

Subroutine CLTSIG is called by subroutine JAM to evaluate the normalized reflectivity
ao, which corresponds to given values of the radio frequency (Fortran variable XFRE, as
listed in Table 18), the Beaufort sea state (XBEAU), the incident angle (XANG), and the
angle of linear polarization. The normalized reflectivity represents the observed mean radar
cross section from each unit of area in the clutter cell; that is, if ao = - 20 dB, each square
meter in the clutter cell will contribute a radar cross section that is 20 dB below a target
cross section of 1 m 2 .

Values of ao for various radio frequencies I, sea states J, and incidence angles K are
stored in two three-dimensional arrays: SIGOH(I,J,K) and SIGOV(I,J,K), corresponding to
horizontal and vertical polarization respectively. These values are based on tables that were
presented in Ref. 4 and have been extended for greater utility. The values for the various
parameters are as follows.

Frequency (MHz) - 500, 1250, 3000, 5600, 9000, 17,000, 35,000,
Beaufort scale - 1, 2, 3, 4, 5, 6,
Incident angle (deg) - 0.1, 0.3, 1, 3, 10

In its current configuration, subroutine CLTSIG considers only linearly polarized radars.
For a given set of parameters values of ao are drawn from the SIGOH and SIGOV arrays by
a linear interpolation scheme. These values of the normalized reflectivity are for horizontal
and vertical polarization respectively. The normalized reflectivity for a given linear polariza-
tion angle Op is

ao((P) = [(AoH cos OP)2 + (a0V sin OP)2]1/ 2 . (192)

This value of ao is returned to subroutine JAM, thereby completing the process.
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Table 18 - CLTSIG Variables

Fortran Variable

ANG
INDEX(I,J)

NDX(I)

PAR(1)

PAR(2)

PAR(3)

POLRZ
SIGN
SIGOH(I,J,K)

SIGOV(I,J,K)
SIGZ

SIGZP

TEMP

XANG
XBEAU
XFRE

Description

Linear polarization (rad)
The INDEX (3,2) array identifies the values in the XPAR array that

straddle the values of radio frequency, Beaufort scale, and
incidence angle that are being considered

Parameter bookkeeping array:
NDX(1) = number of radio frequencies considered
NDX(2) = number of Beaufort scales considered
NDX(3) = number of incident angles considered

Parameter 1 is assigned the value of the radio frequency if it is with-
in the boundary values 500 to 35 000 MHz; otherwise it is as-
signed the boundary value that is closest to the radio frequency

Similar to parameter 1 but for the Beaufort scale, with a range of
1 to 6

Similar to parameter 1 but for 10 times the incident angle, with a
range of 1 to 100 (0.10 to 100)

Linear polarization (deg) (0° = horizontal) (Op in Eq. 192)
Normalizing factor applied to TEMP
Three-dimensional array relating normalized reflectivity to the

radio frequency (I), Beaufort scale (J), and incident angle (K)
for horizontal polarization (coH in Eq. 192)

Similar to SIGOH but the vertical polarization (aoV in Eq. 192)
Normalized reflectivity (dB below a 1-m2 target cross section/M2 )

(O in Eq. 192)
Normalized reflectivity associated with vertical polarization (dB

below a 1-m2 target cross section/m 2 )
Weighting function applied to the value of the normalized reflectiv-

ity at each vertex of a cube in the SIGOV or SIGOH matrix; the
cube surrounds the point defined by PAR(J)

Incident angle (rad)
Beaufort scale
Radio frequency (MHz)

Subroutine ENVIRN

Subroutine ENVIRN is called once by the executive routine. It controls the input of
the four environmental parameters (Table 19): windspeed, height of the windspeed meas-
urement, multipath indicator, and rainfall rate. The subroutine also determines the standard
deviation of the wave height by the method described below.

Burling [5] suggests that

H1 13 = 40hX (193)
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where H113 is the significant wave height and Uh is the standard deviation. The significant
wave height is related to the windspeed at the sea surface V by

H1 13 = 0.02667 V2 , (194)

where V is in meters per second and H113 is in meters.

Pierson [4] has shown that the windspeed at 10 meters above the surface is related to
the speed at greater heights by

V1 o = VH(1OlH) 0 0 9 6 8 2 (195)

where VH is the windspeed as measured at height H above the sea. Eliminating H1 /3 by com-
bining Eqs. 193 and 194 and substituting for V the expression for V10 from Eq. 195 yields

ah 0.00667 V2(H/10)-0. 193 64 (196)

Table 19 - ENVIRN Variables

Fortran Variable Description

ENVIR(1) Windspeed at height H (knots) (VH in Eqs. 195 and 196)
ENVIR(2) Height of the windspeed measurement (kft) (H in Eqs. 195 and 196)
ENVIR(3) Multipath indicator:

1 = multipath
0 = no multipath

ENVIR(4) Rainfall rate (mm/h)
SIGMAH Standard deviation of the wave height (m) ((h in Eqs. 193 and 196)

Subroutine GAIN

Subroutine GAIN is called by subroutines MULPTH and JAM. Its primary function is to
determine the field-strength ratio in the direction of direct and reflected rays from target ITAR.

The program is called with the indicator IKEY (Table 20), which specifies which ray
is under consideration. If a direct ray is being considered, the field-strength ratio is deter-
mined by taking the square root of the beam-pattern function that is calculated in either
JAM or MULPTH. Control of the program is then returned to the calling subroutine.

For an indirect ray the difference in azimuth between the target under detection
(JTAR) and the target called for (ITAR) is determined and used by the BEAM function to
calculate the horizontal beam-pattern factor (fpH). The angle between the direct ray and
the reflected ray (Fig. 6) is then

2R2 sin i cos 0
sin av = R
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Table 20 - GAIN Variables

Fortran Variable Description

ALFV Angle between the direct ray and the reflected ray at the antenna
(rad) (a. in Eq. 197)

FH Horizontal beam-pattern factor (power) ([pH in Eq. 198)
FHV(K) Pattern function (total) for target K
FV Vertical beam-pattern factor (power) (fpv in Eq. 198)
GAINR Ratio of the field strength in the direction of a specified ray to

the field strength in the beam-maximum direction (f(f) in
Eq. 199)

IKEY Indicator in the calling sequence:
0 = direct ray
1 = reflected ray

ITAR Target under consideration
JTAR Target under detection
OAH Horizontal angle between the boresight and the target (rad)
OAV Vertical angle between the boresight and the target (rad)
RC(2) Beam-pattern indicator:

0 = pencil beam
1 = csc 2 beam

RC(4) Horizontal 3-dB beamwidth (rad)
RC(5) Vertical 3-dB beamwidth (rad)
RC(7) One-way sidelobe level (dB)
SRTAR Slant range from the target to the reflection point (m) (R2 in

Eq. 197)
TRGPOS(I,4) Slant range of target I (m) (R in Eq. 197)
TRGPOS(I,5) Azimuth of target I (rad)
TRGPOS(I,6) Elevation of target I with respect to the horizon (rad)

TARGET ITAR

R

RADAR

Fig. 6 - Geometrical parameters
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This information is used to calculate the vertical angle between the boresight and
the target. For the cosecant-squared beam this amounts to the angular difference be-
tween the pencil-beam boresight and the target. For the pencil beam the vertical angle
between the target under detection (JTAR) and the target under consideration (ITAR)
is determined. This information is used by function BEAM to calculate the vertical
beam-pattern factor fpv, which is used in turn to calculate the total beam-pattern
factor from

P =H fPV (198)

and the field strength ratio from

f(f3) = f! 2 (199)

If this value exceeds the sidelobe level, it is retained; otherwise the field-strength ratio is
assigned the value of the sidelobe level. The sidelobe level is also assigned to the field-
strength ratio if the target is not within the beamwidth in the pencil-beam case.

When the calculation of the field-strength ratio has been completed, control of the
program is returned to the calling subroutine.

Subroutine JAM

Subroutine JAM is called by subroutine SIGNAL through its entry NOISE to deter-
mine the magnitudes of the received jamming energy EJ and sea clutter energy EC, while the
radar is scanning target JTAR (Table 21). Targets with jamming capability (self-screening)
as well as any standoff jammers are treated.

After initializing the required variables, the subroutine considers the jamming energy
transmitted from each jammer. For each jammer J a beam-pattern factor must be deter-
mined to account for the jammer's being off beam center. If the antenna beam pattern has
been designated as a pencil beam, the antenna beam pattern (power) is approximated by a
[(sin kx)/kx] 2 curve both horizontally and vertically. In this case a check is made to
determine whether the jammer is beyond the first null. A jammer that is not inside the first
null is assigned a corresponding beam-pattern factor that is equal to the sidelobe level. For
the jammer whose angular position places it within the first null, the function BEAM is
used to determine a horizontal (fH) and vertical (fV) beam pattern factor. The total beam-
pattern factor for jammer J is then

fHV = fHfV* (200)

A similar procedure is followed for the alternative cosecant-squared antenna beam.

A free-space jamming energy for jammer J is now found from

GrLrLm SJfHVX2

Eo = ,r2 )2 (201)
(42 )R2
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where Gr is the one-way antenna gain, Lr is the receiving antenna loss, Lm is the mode-
dependent loss, Sj is the jamming power density, X is the radar wavelength, and R is the
slant range from the radar to the target.

Subroutine MULPTH is called to account for multh effects. It calculates a one-way
amplitude propagation factor F, which is used to determine the jamming energy from
jammer J as

EJ = EOJF2 . (202)

The total jamming energy is

NJ

ETJ= E Ej, (203)
J=1

where NJ is the total number of jammers, including jamming targets.

The total sea-clutter energy is determined when all jammers have been considered. The
first step in the determination of sea-clutter energy is the computation of the normalized
mean backscatter co. This is performed by subroutine CLTSIG, which evaluates uo as a
function of radio frequency, Beaufort sea state, incidence angle, and polarization orienta-
tion. The Beaufort sea state is calculated from the input wind velocity and the height at
which the velocity is assumed to be measured [4]. An equivalent wind speed at a height of
10 m is found from

7.5 0.09682

VI 0 = VH () 6) (204)

The Beaufort sea state is

BSS = 0.6077(V1 0 )0 71 8 6. (205)

The other parameters required by CLTSIG (radio frequency and incidence angle) are inputs
to subroutine JAM.

When the normalized mean backscatter has been evaluated, a differential clutter ele-
ment of area rdodr is considered (Fig. 7). The energy received (dE) from this element is

dE = C - rdodr, (206)
r4

where

PTX 2LrLtLm (7
C= 40 (207)

84



NRL REPORT 8228

RADAR (p

CLUTTER

Fig. 7 - Differential clutter element

Fig. 8 - Geometry of a clutter element

and G, the antenna directional gain, is a function of the horizontal and vertical angular dis-
placement of the clutter cell with respect to the beam center:

G = G(OT + a, 0). (208)

Here OT is the angle between the local horizontal and the target or beam center, that is
(Fig. 8) O T _in (h T h- - B ) (209)

a is the angle between the local horizontal and the reflected ray, given to a first-order
approximation by

1 l h, R\
VR 2a) ' (210)

and 0 is the azimuth of the clutter element with respect to the beam center.
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Fig. 9 - Annulus of total sea clutter

The total sea-clutter energy is now considered to be the energy that is reflected from
an annulus of width AR (Fig. 9) given by

AR cr sec 4A, (211)

where T is the pulse width and Ap is the grazing angle. The total sea-clutter energy is

f 2= C in(h,.R+R) [G(O, 2) drdl/ (212)
0 fmin(\/..fah,R) r3

where = 0 T + , or

00T+5Ifl(- 2_), (213)
° = OT + sin (r 2a) 2

and r is the range to the differential sea-clutter element.

Equation 212 can be rewritten in a simplified form through the use of a unit gate func-
tion Ur(RlR2)

2,, oo G2
E=Cf J - Ur(RR 2 ) drdo, (214)

20 0 r

where

R1 = min(R,\2ah) (215)
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and

R2 = min(R + ARCEDJh). (216)

Essentially this procedure restricts consideration of the sea-clutter return to that from
within the horizon range; that is, if the target range is greater than the horizon range, there
is no clutter return. The sea-clutter return is now considered as coming from two distinct
areas: the surface area that is within the 3-dB beamwidth and the area of the annulus that
is outside the 3-dB beamwidth. The return from the area within the 3-dB beamwidth can
now be expressed as

2 Xf1 2k OB O B O B

1 Jo r3 t 2 2) Up 2 X2 -U, (R ,R2 )drdo, (217)

where OB and OB represent the horizontal and vertical 3-dB beamwidths respectively and G
has been assigned the value of unity (corresponding to the beam center).

Equation 217 can be simplified by carrying out the integration on 0:

1 /B O

o = rC o ( - Ur(Ri,R 2)dr. (218)

From Eq. 213 it is possible to express r as a function of 0:

2h (219)

sin (0 O 0 T) + [sin2 (0 - OT) - (2h/a)] 1/2

Thus the integral of Eq. 218 can be expressed entirely as a function of r:

E1 =_U Ur(-) Xr _-)] Ur(R 1, R 2) dro r L'2'2/

o r OB1 iFr(OY2B]
= COB i Ur max [Ri, r (min R2, r -2 dr. (220)

The notation can be simplified with the definitions

Si =max[RI,r(- 2)] (221a)

and

S -min [R2,Xr ( ) (221b)
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so that Eq. 220 can be written as

E1 = COB f Ur(Sl S2 ) dr. (222)

Integration of Eq. 222 yields

E1 = ) COB( 1 ) (223)

Similarly the energy from the remainder of the annulus can be expressed as

E2 = C'sL [ I ..HJ] (224)

where S represents a constant value assigned to the antenna directional gain (usually the
sidelobe level) and

H= - ( - ) (225)

The total sea-clutter energy can now be expressed as

E~~~~~ =R El) ] 2=177r - -( (226)R2~~~~~~~~26
which is then reduced by the input sea-clutter improvement factor ic: cr

EC (227)

Table 21 - JAM Variables

Fortran Variable Description

ALPHA Grazing angle of the clutter cell (rad) (a in Fig. 8)
ALPHAD Grazing angle of the clutter cell (deg) (a in Fig. 8)
ACON Constant used in the sea-state calculation
BEAUS Beaufort sea state
BETA Constant used in the sea-state calculation
DBDOWN One-way sidelobe level
DC Distance to the clutter cell (on a 4/3 earth's radius) (m)
DSTAR Distance to the radar horizon (n.mi.)
DWL(K) Incremental change to the radio frequency for mode K

Table continues.
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Table 21 (Continued) - JAM Variables

Fortran Variable

EC

EJ
ENVIR(1)
ENVIR(2)
FH

FHV(J)

FOPISQ
FV
HR
HT
JTAR
NUMTGT
OAH

OAV
PBBS
PHIB
PJ
POLRZ
R1
R2

RC(1)
RC(2)

RC(4)
RC(5)
RC(6)
RC(8)
RC(9)

RPTB
RE
RMODE(K,2)
RMODE(K,8)
RMTB
SIGC

SIGJAM
SIGZ
SINALF

Description

Total sea-clutter energy adjusted by the improvement factor (J) (EC
in Eq. 227)

Total jamming energy (J) (ETJ in Eq. 203)
Windspeed (knots)
Height of the wind-speed measurement (kft) (VH in Eq. 204)
Normalized horizontal beam pattern factor (power) (fH in

Eq. 200)
Total normalized beam-pattern factor for jammer J (power)

(fHv in Eq. 200)
Four times the square of 3.1415926536, or 47r2
Normalized vertical beam pattern factor (power) (fv in Eq. 200)
Height of the radar (m) (hr in Fig. 8 and Eqs. 209 and 210)
Height of target JTAR (m) (hT in Fig. 8 and Eq. 209)
Target under detection
Total number of targets and jammers (NJ in Eq. 203)
Horizontal angle between target JTAR and the jamming target

(rad)
Vertical angle between JTAR and the jamming target (rad)
Pencil-beam boresight elevation with respect to the horizon (rad)
Horizontal 3-dB beamwidth (rad) (OB in Eq. 217)
Jamming power density (W/Hz) (SJ in Eq. 201)
Linear polarization (deg)
min(slant range, horizontal range) (R1 in Eqs. 214 and 215)
max(slant range plus pulse width, horizontal range) (R2 in Eqs.

214 and 216)
Basic radar frequency (MHz)
Indicator of the antenna-pattern function:

0 = pencil beam
1 = csc2 beam

Horizontal 3-dB beamwidth (rad) (OB in Eq. 217)
Vertical 3-dB beamwidth (rad) (OB in Eq. 217)
One-way antenna gain (dB) (Gr in Eq. 201)
Receiver antenna loss (dB) (Lr in Eq. 201)
Losses between the transmitter output and free space (dB) (Lt in

Eq. 201)
Range corresponding to OB /2 (m), or r(OB /2)
4/3 of the earth's radius (m) (a)
Upper boundary of elevation-angle coverage (rad) for mode K
Mode-dependent losses for scan mode K (Lm )
Range corresponding to - 0 B1 2 (m), or r(- OBI2)
Total sea-clutter energy adjusted by the improvement factor (J) (EC

in Eq. 227)
Jamming power density (W/Hz) (SJ in Eq. 201)
Normalized mean backscatter (m2 /m 2 ) (ao in Eq. 207)
Sine of the grazing angle at the clutter-cell, or sin a (Eq. 210)

Table continues.
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Table 21 (Concluded) - JAM Variables

Fortran Variable

SR
SUBC(K)
TEMPWR
THETB
THETT

TRGPOS(J,3)
TRGPOS(J,4)
TRGPOS(J,5)
TRGPOS(J,6)
V
WVL
WS
XFRE
XJAMFA
XJAMN

Description

Slant range of target JTAR (m) (R in Eq. 201)
Clutter improvement factor for mode K (Ic in Eq. 227)
Signal energy with the target at the center of the beam
Vertical 3-dB beamwidth (rad) (0 B in Eq. 217)
Target elevation with respect to the local horizontal (rad) (0 T in

Eq. 209)
Height of jammer J (n.mi.)
Slant range of jammer J (n.mi.)
Azimuth angle of jammer J (rad)
Elevation angle of jammer J (rad)
Range extent of the clutter cell (m) (AR in Eq. 211)
Wavelength (m) (X in Eq. 201)
Intermediate parameter (H in Eq. 225)
Radio frequency of the scan mode under consideration (MHz)
Jamming energy from the jth jammer (J) (Ej in Eq. 202)
Total jamming energy (J)

Subroutine MATCH

Subroutine MATCH is called once by the executive routine. For each target defined
the subroutine calculates the time at which each radar scan mode first scans the target once
it has come within the radar mode's instrumented range RMODE(J,7) (Table 22). These
times are then considered by the executive routine when it determines the time at which to
initialize the radar.

For a target of type 0, which is a target that traverses a straight-line path, the com-
ponents of vectors A and B (Fig. 10) are first calculated from the input initial and final
positions of the target and the position coordinates of the ship. The distance d is then
calculated according to

d 2 = IA B - (A2 - R~ ), (228)

where R in, is the radar's instrumented range. The ratio x/IBI, defined as

x_ distance from the initial point to a range of Rim

distance from the initial point to the final point
(229)

is given by

X I~ JA-B + d)-
I _1 = ( B_1~J (230)
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Fig. 10 - Target-and-ship geometry

This ratio is used to determine tR, the time required for the target to travel from its initial
point to the point where it comes within instrumented range:

tR=ti + I- I(tf - t) (231)

where ti and tf represent respectively the initial and final times of the target's trajectory.

The starting time ti(J) for mode J with respect to target I is defined as the initial tar-
get time plus the mode offset time if the radar is initially scanning in mode 1 and pointing
at the target.

The quantity

tR - ti(J)
N(J) = integer part I t(J) II (232)

where At(J) is the interlook period for mode J, represents the number of scans made by
mode J during the time interval in which the target is covering the distance from its initial
point to a range of Rins. The time at which mode J first scans target I after it has come
within the radar's instrumented range can now be determined as

t8,an(J) = ti(J) + [N(J) + 1] At(J). (233)

For a target of type 1, which traverses a piecewise linear trajectory consisting of from
two to four altitude legs, the calculations are performed for each leg in succession until an
initial scan time is determined for each radar scan mode.
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In the case of a target of type 2, which traverses a constant-altitude trajectory consist-
ing of a straight-line segment, a maneuver (turn), and another straight-line segment, the
linear flight leg defined by the target's starting point and the point at which the target's
maneuver begins is used to determine initial scan times for each radar mode as above. If the
target is never within a radar mode's instrumented range prior to its maneuver, then the
initial scan time for that mode is set to correspond to the projected last scan preceding the
start of the maneuver.

If a nonmaneuvering target fails to enter a radar scan mode's instrumented range during
the course of its trajectory, the initial scan time for that mode and target is set to a large
default value. The target is thereby removed from further consideration by that radar mode.

Table 22- MATCH Variables

Fortran Variable IDescription

A(K)
ADOTB
ADOTB2
AMAG2
B(K)
BMAG2
DISC
ISTAT(I)

ITYPE(I)
NSCAN
NTARG
RMODE(J,5)
RMODE(J,6)
RMODE(J,7)
RMODE(J,9)

SHIP(K)
TALT(I,L)
TERM
TMANI(I)
TSCAN(I,J)

UMINUS
XN

XYZF(I,K)
XYZI(I,K)
XSCAN

The kth component of the vector A (n.mi.)
Dot product of vectors A and B (A * B in Eqs. 228 and 230)
Dot product squared: (A * B)2
Magnitude of A squared (JA 2, or A2 , in Eq. 228)
The kth component of the vector B (n.mi.)
Magnitude of B squared, or IB12

Quantity used in simplifying the calculations: B2 d 2

Status indicator for target I at the current time T:
0 = inactive
1 = active

Target type for target I
Number of scan modes
Number of targets
Interlook period for mode J (h) (At(J) in Eqs. 232 and 233)
Time offset for mode J (h)
Instrumented range for mode J (n.mi.) (Rins in Eq. 228)
The earliest time at which mode J first scans any target within the

instrumented range
Position coordinates of the ship (n.mi.)
Altitude of the trajecto of a type-1 target I on leg L (n.mi.)
Square root of DISC: 7B 2 d2 = IBdI
Time a type-2 target I begins its maneuver (h)
Time at which mode J first scans target I after it has come within

the instrumented range (h) (t~an(J) in Eq. 233)
Ratio used to calculate XSCAN (x/jBI in Eq. 231)
The number of scans made by mode J while the target is going

from its initial point to the instrumented range (N(J) in
Eq. 232)

Final position coordinates of target I (n.mi.)
Initial position coordinates of target I (n.mi.)
Target travel time from its initial position to the radar mode's

instructed range (tR in Eq. 231)
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Once an initial scan time TSCAN(I,J) for each target I and radar mode J has been
calculated, the earliest time each mode J sees any target is determined:

RMODE(J,9) = min[TSCAN(I,J), I = 1, ... , NTARG], (234)

where NTARG is the number of targets. Also, the target-status indicator ISTAT(I) (0 =
inactive and 1 = active) is initialized to 0 for each target I.

Subroutine MULPTH

Subroutine MULPTH is called by subroutines SIGNAL and JAM. Its purpose is to
calculate the pattern-propagation factor FAC for a specified target ITAR, while the radar is
scanning target JTAR (Table 24).

For computational purposes the atmosphere is divided into three regions: the inter-
ference region, the intermediate region, and the diffraction region (Fig. 11). The propaga-
tion factor is determined for targets only above the horizon, that is, in the interference
region and in part of the intermediate region. This can be readily accomplished for targets in
the interference region and diffraction regions, but there are no numerical methods that are
easily applicable to field-strength determination in the intermediate region. Consequently
the pattern-propagation factor for targets in the intermediate region is found by interpolat-
ing between the interference region and the diffraction region. In other words, the field
strength is determined for points in the interference and diffraction regions at the altitude
of the target under consideration, and this information is then used to determine the field
strength in the intermediate region by a curve-fitting process.

INTERFERENCE
REGION

TANGENT RAY

ANTENNA\

INEMEITE RE~~~~~~GION
DIFFRACTION

41 /,8 ~~~~~~~~REGIONEARTHX

Fig. 11 - Interference, intermediate, and diffraction regions

The initial step in the calculation, which is carried out for each new frequency mode, is
the determination of the complex dielectric constant

EC = el - i6OXa (235)

where el is the ordinary dielectric constant, X is the wavelength, and a is the conductivity.
Values of el and a as a function of frequency are given in Refs. 6 and 7. The values used in
MULPTH are given in Table 23. Linear interpolation is used for intermediate values.
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Table 23 - Values of the Frequency, Dielectric Constant,
and Conductivity Used in MULPTH

f (MHz) el a (mhos/m)

<1500 -80 4.3
1500 to 3000 80 - [0.00733 (f - 1500)] 4.3 + [0.00148 (f - 1500)]
3000 to 10000 69 - [0.0005714 (f - 3000)] 6.52 + [0.001354 (f - 3000)]

The next step in the calculation is the determination of factors that will be used in
calculating the value of the pattern-propagation factor for a target in the diffraction region.
The propagation factor in the diffraction region is [71

F = 2 -,,gX e Cl1 I Ul (Zl) Ul(Z2), (236)

where X is the target ground range in natural units,

L r (237)

in which r is in meters and L is the natural unit of range,

L = 2 2 (238)

with a being the earth's effective radius and ko being the radar wavenumber k = 27r/X multi-
plied by the index of refraction no at the earth's surface. In Eq. 236 U1 and U2 are calcu-
lated by subroutine UFUN. Only the factors that are target independent, namely, C1 and
U1 (Z1), are calculated on the initial pass for a new frequency mode. The term Cl is the
imaginary part of the parameter A 1 , which is used also in evaluating U1 (Zl) in subroutine
UFUN. The parameter A1 is [7]

A1 = 2.3381 e2 r'd/3 + , (239)Hp

where H is the natural unit of height,
-1/3

(240)

and

p = iko(e- 1/2 Os 0 + si) , (241)

in which 0 is the linear polarization.
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The location of the reflection point and the determination of the grazing angle is the
next step in the calculation. The ground range of the reflection point r1 is a function of
targetr height h2 , antenna height h1 , and target ground range r (Fig. 6). This relationship is

2r3 - 3rr, + [r2 - 2a(H1 +H2 )]r1 + 2aH 1 r = 0, (242)

where

Hi = hi;1-hi, i = 1, 2. (243)

Equation 242 has the solution

r I 2 +sgn(H1 -1H2)Pcos ), (244)

where

P= {4a(Hl + 12) + (r2]} (245)

and

1 2arl~j -I I2 1
j= cos (H3 ). (246)

The grazing angle i is then found from the approximation

hi hi\r
tan; t- li i-)>iL . (247)

If the grazing angle is found to be less than or equal to 0, the pattern-propagation factor is
set to 1 X 10-20, and control of the program is returned to the calling subroutine. If ; is
greater than 0, the divergence factor D and the path-length difference AR are calculated
according to

JF h, + h2A (RI +R2 )2a~sin ;cos; 12|

D= {(- a 2 (RI +R2 )asin i + 2R1R2 (r (248)

and

(R1 +R2 )G

1 + (1 - G)112 (249)

95



DAVIS AND TRUNK

where

(2sin/ 2
G = RI +R2 ) R1R2 (250)

and R 1 and R 2 are slant ranges from the antenna and target respectively to the reflection
point.

Equation 248 is a simplified version of Eq. 16 in Ref. 7, and Eq. 249 is readily derived
from basic trigonometric relationships.

The path-length difference is now compared to X/4, since this is the generally accepted
limit of validity for the analytical method applied to the interference region. If AR < X/4,
the target is assumed to be in the intermediate region, and the preliminary step in the inter-
polation process is carried out. This consists of finding the location of a point that has the
altitude of the target under consideration but with a path-length difference of X/4. The
method used will be discussed in the subsection on subroutine RNGCEN. This information
is used in the interpolation scheme for determining the pattern-propagation factor in the
intermediate region.

The next step in the calculation is the computation of the complex reflection coeffi-
cient. The reflection coefficient is related to the linear polarization, and the equations for
the horizontal polarization and vertical polarization reflection coefficients are

v -Piou eC sin Q - (ec - cos2 P) 2

EC sin 4. + (eC - cos2 )112 (251a)

and

sin +- (ec - cos 2 P)1/2
rh= phe i - cos2 Q)(251b)

where Pv and Ph are the intrinsic reflection coefficients and u, and Obh are the phase changes
for seawater. For other than vertical or horizontal polarization the reflection coefficient is
the vector sum of the horizontal and vertical components:

r = poe'io = [(rh cos 0)2 + (rv sin 0)21]/2. (252)

The two remaining parameters that contribute to the pattern-propagation factor are
the roughness factor and the directional field-strength ratio. The roughness factor is [6]

rs = e-2[( 2 -HsinP )/XI2* (253)
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Equation 253 was developed under the assumption that the sea surface has a Gaussian
height distribution with standard deviation Hs. For a sea surface with approximately
sinusoidal waves and amplitude a,

H = a . (254)

The field-strength ratios f (01 ) and f (02) for the direct and reflected rays are computed
in subroutine GAIN.

It is now possible to compute the pattern-propagation factor for the point in question
according to

R02 | ( Orei(k AR+O) |(255)F 1+[01) p0Dr~e . 25

The point in question will be the target position if the target is in the interference region or
the point corresponding to a path-length difference of X/4 if the target is above the horizon
and in the intermediate region.

For targets in the interference region the calculation is now complete, and control of
the program is returned to the calling routine.

For targets in the intermediate region additional computation is required. The pattern-
propagation factor must be found for a point in the diffraction region that will be used as
the lower bound in the interpolation. A point that is twice the horizon distance from the
antenna is chosen as being representative of the diffraction region. Subroutine UFUN is
now called to determine the value of the parameter U1 (Z2 ) for this point, and the pattern-
propagation factor is calculated according to Eq. 236. The upper bound for the interpola-
tion is the value of the pattern-propagation factor that was calculated from the point with
a path-length difference of X/4 (Eq. 255). The lower and upper bound values of the pattern-
propagation factor are presented to subroutine INTER, which carries out the interpolation
to determine the pattern-propagation factor at the target. This completes the calculation,
and control of the program is returned to the calling routine.

Table 24 - MULPTH Variables

Fortran Variable Description

CA Function of the complex dielectric constant and polarization used
in subroutine UFUN (A1 in Eq. 239)

CGAM Reflection coefficient (F in Eq. 252)
CGAMH Horizontal polarization reflection coefficient (Wh in Eq. 251b)
CGAMV Vertical polarization reflection coefficient (F, in Eq. 251a)
CTEMY Complex dielectric coefficient (ec in Eq. 235)

Table continues.
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Table 24 (Concluded) - MULPTH Variables

Fortran Variable I Description

Cul , Parameter (calculated in subroutine UFUN) used in evaluating F
(U1 (Zl) in Eq. 236)

DISP Divergence factor (D in Eq. 248)
EPSI Ordinary dielectric constant (e1 in Eq. 235)
FAC Pattern-propagation factor (F in Eq. 236)
FAC1 Pattern-propagation factor (F in Eq. 236)
GD Field-strength ratio for the direct ray (f (0 I) in Eq. 255)
GRRAD Ground range from the radar to the reflection point (m) (r1 in

Eq. 242)
GRRT Ground range to target (m) (r in Eq. 242)
GRTAR Ground range from the target to the reflection point (m) (r2 in

Fig. 6)
GV Field-strength ratio for the reflected ray (f(0 2 ) in Eq. 255)
H Natural unit of height (H in Eq. 240)
HR Height of the antenna (m) (h1 in Eq. 243)
HT Height of the target (m) (h2 in Eq. 243)
ITAR Target under consideration
ISWIT Mode indicator:

0 = initial pass or a new mode
1 = same mode as the preceding pass

JTAR Target currently being scanned by the radar
L Natural unit of length (L in Eq. 238)
PHIREF Reflection-coefficient phase angle (rad) (0 in Eqs. 244 and 246)
POLRZ Linear polarization (deg) (O° = horizontal and 900 = vertical)

(0 in Eqs. 241 and 252)
PTHDIF Path-length difference (m) (AR in Eq. 249)
RE 4/3 of the earth's radius, or a (m)
RHOREF Intrinsic reflection coefficient (po in Eq. 252)
SIG1 Conductivity (mhos/m) (a in Eq. 235)
SRRAD Slant range from the radar to the reflection point (m) (R1 in

Eqs. 248, 249, and 250)
SRTAR Slant range from the target to the reflection point (m) (R2 in

Eqs. 248, 249, and 250)
TANPSI Tangent of the grazing angle (tan 4 in Eq. 247)
WVL Wavelength X (m)
XFRE Frequency of the next mode to be considered (MHz)
XIMCA Imaginary part of CA
XKPAR Wavenumber k = 27r/X
XKZERO Product kno of the radar wavenumber and the index of refraction

at the earth's surface (ko in Eqs. 238, 240, and 241)
XMUR Roughness factor (rs in Eqs. 253 and 255)
XNAT Ground range to the target in natural units (X in Eq. 237)
XNAT1 Range corresponding to AR = X/4 in natural units
XNAT2 Twice the horizon range in natural units, or 2rHj/L
XNZERO Index of refraction of the earth's surface (no in text after

Eq. 238)
Zi Antenna height in natural units (Z1 in Eq. 236)
Z2 Target height in natural units (Z2 in Eq. 236)
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Subroutine NEWPOS

Subroutine NEWPOS is called by the executive routine to calculate the position of all
targets and jammers for game time T. It is assumed that the radar beam is positioned at 0
degrees azimuth at time T. The position and azimuth (relative to 0 degrees) of each target is
first determined at time T. Then a corrected position for each target is calculated, corre-
sponding to its location at time T + dT, where dT is the time it takes the radar to scan the
azimuth angle of the target.

For each target or jammer J, the target status at game time T is determined. If

ti < T < tf, (256)

where T is the current game time, ti is the time target J leaves its initial position, and tf is
the time target J arrives at its final position, then the target is active and the target-status
indicator ISTAT(J) is set to 1 (Table 25). Otherwise, ISTAT(J) is set to 0 to indicate an
inactive target, and the subroutine proceeds to the next target.

If target J is of type 0, with a straight-line trajectory, or of type 1, with from two to
four altitude legs, the subroutine first determines the ratio of the elapsed time to the total
target time according to

T - ti
AT= tf - (257)

The target's position coordinates with respect to the designated origin at time T are

XT = xi + AT(xf - xi), (258)

YT =i + AT(yf - yi), (259)

and, for target type 0,

ZT Zi + AT(zf -.zi), (260)

where (xi, yi, zi) and (xf, yf, zf) are the initial and final position coordinates respectively for
target J.

If target J is of type 1 let k be the kth altitude point, so that

ta(k - 1) < T < ta(k), (261)

where ta(k) is the time when target J reaches the kth altitude point and where

ta(1) = ti (262)

and

ta(N) = tf, (263)
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with N being the number of altitude points (NALT + 2), where NALT is defined for target J
in subroutine TARGET. If AT is redefined so that

T - ta(k - 1)
AT= -t.(k) - t,(k - 1) 

(264)

the z coordinate for target J of type 1 at time T is

ZT = Za(k - 1) + ATtz,(k) - Za(k - 1)], (265)

where Za (k) is the designated altitude of target J at node k at time t(k). The z component
zu and the magnitude dv of the direction vector for target J originally calculated in subroutine
MATCH are also updated:

Z= ZT - Za(k - 1)

d2 =-X2 + y2 +Z 2 .
V I) V V 

(266)

(267)

If target J is of type 2, a maneuvering target, then if

T < tin, (268)

where tm is the time when target J begins its maneuver (constant-altitude turn), the target
is on a linear path segment and the distance traveled by time T is

d = v(T - ti),

XT = Xi + d cos (Of)

YT = -i + d sin (Of)

(269)

(270)

(271)

where v is the speed of target J and Oi is the initial heading of target J. Similarly, if

T> tn, (272)

where tn is the time when target J terminates its maneuver, the target is on its final linear
leg and the distance traveled on this leg by time T is

d = v(T - tn) (273)
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so that

XT Xn + d cosOf
eT

and

YT Yn + d sin Or, (275)

where (xn, Yn) are the coordinates of the point where target J terminates its maneuver and
Of is its final heading. If

tm <T~tn (276)

then the target is performing its maneuver, so that if

A = v(T -tm)frm

0 = Oi + TURN(A - 7/2),

XT = Xc + rm Cos q,

YT =Yc + rm sin 0,

ZT Zij,

where rm is the radius of the maneuver circle for target J, TURN is the maneuver direction
indicator (1 for counterclockwise and -1 for clockwise), and xC and yc are the x and y
coordinates of the center of the maneuver circle for target J. The components of the target
direction vector are also corrected to

xv=cos (0 + TURNir/2),

yv=sin (0 + TURNir/2),

d2 2+Y 2 ,
V VV

(282)

(283)

(284)

since a target of type 2 moves at a constant altitude.

Once the target's coordinates (XT, YT, ZT) with respect to the designated origin at time
T are calculated, they are transformed to a radar-centered coordinate system by

dXT = XT - Xr, (285)
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dyT = YT - Yr, (286)

and

dZT = ZT - Zr, (287)

where (xr, Yr, Zr) is the stationary position of the radar. The target azimuth 0 is

0 = tan-' (dyTldxT). (288)

Once the target azimuth at time T has been computed for target J, the corrected target
positions (XT+dT, YT+dT, ZT+dT) and (dXT+dT, dYT+dT, dZT+dT) with respect to the
designated origin and the radar respectively and a corrected azimuth 0 T+dT are obtained by
repeating the preceding sequences of calculations with time T replaced by T + dT, where

dT = SOT/27r, (289)

in which s is the radar scan period and OT is the target-I azimuth at game time T.

The elevation a of target J with respect to the horizon is determined from approxima-
tions made to the geometry of Fig. 12. The distance D can be found from

D= (dX + dy2+dT) 1 I2 . (290)

This can be approximated by

D = (2a0 h1 )1 /2 + (2G0 ha)1 /2, (291)

where ao is 4/3 of the earth's radius. Equation 291 can now be solved for h1 to yield

h= [95.2 (ha)12] , (292)

where h, is in nautical miles. If it is assumed that triangle ABT is a right triangle, then

hT-hl
tan a = D

hTDD

hT ( D1 12 h/2 (293)

D 95.2 D112 (

This completes the computational procedure in NEWPOS, and program control is re-
turned to the executive routine.

102



NRL REPORT 8228

T

ANTENNA
A _

a.

Fig. 12 - Geometry of target elevation

Table 25- NEWPOS Variables

Fortran Variable Description

ALT(J,I) Altitude of profile node I of target J with ITYPE 1 (n.mi.)
BPRIME Tangent of the elevation of target J measured from the horizon (tan a

in Eq. 295)
CM(J,1) Position coordinate x of the center of the maneuver circle for target

J with ITYPE(J) = 2 (n.mi.) (xC in Eq. 279)
CM(J,2) Position coordinate y of the center of the maneuver circle for target

J with ITYPE(J) = 2 (n.mi.) (yc in Eq. 280)
D Ground range from the radar to target J at time T + dT (n.mi.) (D in

Eqs. 292 through 295)
DEL(1) Coordinate x of target J with respect to the radar at time T and

then corrected to time T + dT (n.mi.) (dxT in Eq. 285 and
dxT+dT in Eq. 290)

DEL(2) Coordinate y of target J with respect to the radar at time T and
then corrected to time T + dT (n.mi.) (dyT in Eq. 286 and
dyT+dT in Eq. 290)

DEL(3) Coordinate z of target J with respect to the radar at times T and
then corrected to time T + dT (n.mi.) (dZT in Eq. 287 and
dzT+dT)

DELT Distance target J has traveled on the current segment of the profile
with ITYPE(J) = 2 (n.mi.) (d in Eqs. 269 and 273)

Table continues.
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Table 25 (Continues) - NEWPOS Variables

Fortran Variable

DOTP

DSTAR
DT

DX

DY

DZ

HEADF(J)
HEADI(J)
IFLAG

ISTAT(J)

ITYPE(J)

NALT(J)
NUMTGT
PIOVR2
RADM(J)

SlHIP(1)
SHIP(2)
SHIP(3)
SHIP(4)

SPEED(J)

T
TALT(J,1)

TIME3(J)

TMANF(J)

Description

Normalized dot product of the vectors defined by VEL and DEL
(cosine of the angle between the vectors)

Distance from the radar to the horizon (n.mi.)
Ratio of the elapsed time in flight to the total flight time for target J

(AT in Eq. 257)
Coordinate x of target J with respect to the radar at time T and

then corrected to time T + dT (n.mi.) (dxT in Eq. 285 and
dxT+dT in Eq. 290)

Coordinate y of target J with respect to the radar at time T and
then corrected to time T + dT (n.mi.) (dyT in Eq. 286 and
dyT+dT in Eq. 290)

Coordinate z of target J with respect to the radar at times T and
then corrected to time T + dT (n.mi.) (dzT in Eq. 287 and
dzT+dT)

Final heading of target J with ITYPE(J) = 2 (Of in Eqs. 274 and 275)
Initial heading of target J with ITYPE(J) = 2 (Oi in Eqs. 270 and 271)
Flag to indicate if calculations are being performed with respect to

T (IFLAG = 1) or T + dT (IFLAG = 2)
Status indicator for target J:

0 = inactive
1 = active

Type of target profile for target J:
0 = straight-line trajectory
1 = altitude legs
2 = maneuver

Number of altitude nodes for target J with ITYPE(J) = 1
Total number of targets plus jammers
One half of 3.1415926536, or ir/2
Radius of the circle of maneuver by target J with ITYPE(J) = 2

(n.mi.) (rm in Eqs. 276, 279, and 280)
Coordinate x of the radar position (n.mi.) (xr in Eq. 285)
Coordinate y of the radar position (n.mi.) (Yr in Eq. 286)
Radar antenna height (n.mi.) (ha in Eqs. 291 through 293)
Square root of the antenna height ((n.mi.)1 /2 ) (h 1/2 in Eqs. 291

through 293)
Speed of target J with ITYPE(J) = 2 (n.mi./h) (v in Eqs. 269 and

273)
Current gamne time (h) (T in Eq. 256)
Time when target J arrives at altitude node I with ITYPE(J) = 1 (h)

(ta(k) in Eq. 261)
Time when the radar scans target J (s) (T + dT in sentence containing

Eq. 289)
Time when target J with ITYPE(J) = 2 terminates its maneuver (tn

in Eq. 272)

Table continues.
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Table 25 (Concluded) - NEWPOS Variables

Fortran Variable Description

TMANI(J)

TRGPOS(J,1)

TRGPOS(J,2)

TRGPOS(J,3)

TRGPOS(J,4)
TRGPOS(J,5)

TRGPOS(J,6)
TRGPOS(J,7)
TT

TURN(J)

VEL(J,1)

VEL(J,2)

VEL(J,3)
VELMAG2
XMANF(J,1)

XMANF(J,2)

XMANI(J,1)

XMANI(J,2)

XYZF(J,1)
XYZF(J,2)
XYZF(J,3)
XYZF(J,4)
XYZI(J,1)
XYZI(J,2)
XYZI(J,3)
XYZI(J,4)

Time when target J with ITYPE(J) = 2 begins its maneuver (tm in
Eq. 268)

Coordinate x of target J at time T and then corrected to time T + dT
(n.mi.) (XT in Eq. 258 and XT+dT)

Coordinate y of target J at time T and then corrected to time T + dT
(n.mi.) (YT in Eq. 259 and YT+dT)

Coordinate z of target J at time T and then corrected to time T + dT
(n.mi.) (ZT in Eqs. 260, 265, and 281 and ZT+dT)

Slant range R to target J (n.mi.)
Azimuth of target J at time T and then corrected to time T + dT

(rad) (OT in Eq. 289 and OT+dT)
Elevation of target J measured from the horizon (rad) (a in Eq. 293)
Ground range from the radar to target J (n.mi.) (D in Eq. 293)
Times T and T + dT when position calculations are being performed,

depending on the value of IFLAG
Indicator for the target-J maneuver with ITYPE(J) = 2:

1 = counterclockwise
-1 = clockwise

Target-J direction-vector x component (xU in Eqs. 267, 282, and
284)

Target-J direction-vector y component (y, in Eqs. 267, 283, and
284)

Target-J direction-vector z component (z. in Eqs. 266 and 267)
Magnitude of vector VEL
Coordinate x for the point where target J with ITYPE = 2 terminates

its maneuver (xn in Eq. 274)
Coordinate y for the point where target J with ITYPE = 2 terminates

its maneuver (yn in Eq. 275)
Coordinate x for the point where target J with ITYPE = 2 begins its

maneuver
Coordinate y for the point where target J with ITYPE = 2 begins its

maneuver
Final coordinate x for target J (n.mi.) (xf in Eq. 258)
Final coordinate y for target J (n.mi.) (yf in Eq. 259)
Final coordinate z for target J (n.mi.) (Zf in Eq. 260)
Final time for target J (tf in Eq. 256)
Initial coordinate x for target J (n.mi.) (xi in Eq. 258)
Initial coordinate y for target J (yj in Eq. 258)
Initial coordinate z for target J (zi in Eq. 260)
Initial time for target J (ti in Eq. 256)
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Subroutine RESOL

Subroutine RESOL is called by subroutines DET3D and MWDET. The purpose of this
routine is to identify the targets whose return signal lies within the reference cells of the ith
target (target NTAR, the target of interest). The number of targets (including the ith target)
within the reference cells is NI. The specific NI targets are listed in array INF, and the signal
energy of the NI targets is calculated and stored in the array SNREF (Table 26).

The jth target lies within the reference cells of the ith target if

IRJ -RII I AD = (NR + 2)AR (294)

and

IAj -Al 6 2.4 0, (295)

where R is the target range and A is the target azimuth, NR is the number of reference -e1Ls
on each side of the ith target cell, AR is the range-cell dimension, and 0 is the 3-dB antenna
beamnwidth. The signal energy for the jth target is found by calling subroutine SIGNAL.

Table 26 - RESOL Variables

Fortran Variable

DELR

INF(K)
N
NI
NREF

NTAR
RES
SNREF(K)
TH3DB
TRGPOS(I,4)
TRGPOS(I,5)

Description

Range interval used to determine whether the target lies with the
reference cells of the ith target (AD in Eq. 294)

Target number of the kth interfering target
Number of targets
Number of interfering targets
Number of reference cells on each side which are used to calcu-

late the detection threshold (NR in Eq. 294)
Target I of interest
Dimension of the range-resolution cell (AR in Eq. 294)
Signal power of the kth interfering target
Antenna 3-dB azimuth beamwidth (0 in Eq. 295)
Range of the ith target (RI in Eq. 294)
Azimuth of the ith target (A, in Eq. 295)

Subroutine RNGCEN

Subroutine RNGCEN is called by subroutine MULPTH. Its function is to determine
the location of the reflection point on a surface with a radius of 4/3 of the earth's radius,
corresponding to a path-length difference of X/4. This information is used in evaluating the
propagation factor in the intermediate region.
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The subroutine is entered with a value of sin 4, that corresponds to the flat-earth solu-
tion to the problem

sin 4, = 2 (i-)
hr + ht

(X/4)2 + 4hrht

where X/4 represents the path-length difference and hr, ht, and 4 are defined in Fig. 13.
This value of sin 4 is used to calculate the path-length difference A from the following
equation, whose development will be discussed in the next paragraph using the spherical-
earth geometry shown in Fig. 14:

4 sin Vi

1 + [1 + (2hr/a sin2 ,)]1/2

hr
+

1 + [1 + (2htla sin2 4,) 1/2

ht

where a is 4/3 of the earth's radius. The function f, defined as

4 ,. (298)

is evaluated, and its absolute value is compared to X/40. If If I > N/40, the derivative of f
with respect to sin 4 is determined and used to calculate a new value of sin 4:

sin A new = sin 4 /old -" [df/d(sin 4,)] (299)

A new value of A is then computed using sin 4 new, and this process is continued until the
convergence criterion If I <X/40 is satisfied. When this occurs, the corresponding values of
r1 , r2 , R1 , and R2 (Fig. 13) are calculated (Fortran variables SR1, SR2, R1, and R2,
Table 27) and control of the program is returned to MULPTH.

TARGET

R

RADAR RX
1t - 2y ht

Fig. 13 - Flat-earth geometry
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TARGET

RADAR 

Fig. 14 - Spherical-earth geometry

Equation 297 is developed as follows: From Fig. 13 or Fig. 14

R = (R 2 +R2 + 2R1 R2 cos 2 )1/2

= [(R1 + R2)2 - 2R 1 R2 (l - cos 2iX)] 1/2

= [(R1 + R2) 2 -4R 1 R2 sin2 1/2. (300)

Equation 300 can be rewritten as

r 4R 1 R 2 sin2 j 1/2
R = (RI + R2) 1-2 (301)

(RI +R2)

and, since = R - (R1 + R2 ),

,(Ri+R2){1[ 4RIR2 sin2 j 1/2}
A =(RI + R2)q - I+ -R +R2, J

(4R1 R2 Sin2 O)/(R1 +R2) 2

= (RI + R2 ) *1 (302)
{1 - [(4R1 R2 Sin2 4)/(R1 + R2 )2] + 1

When the path-length difference is close to X/4, sin 4 ' 0; consequently Eq. 302 can be
simplified to

2R1 R 2 Ri22 sin2 .(303)ARI R2sn '=__
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To reduce Eq. 303 to Eq. 297, R1 and R2 must be expressed in terms of hr, ht, and
sin 4', which is accomplished as follows: From Fig. 14

h2 R2 + 2ah
=r 1 r

2R 1 a

hr

.RI2
+1) (304)

2a

Neglecting hr/2a gives

hr R1sin4' = - -
RI 2a 

Applying the quadratic formula to Eq. 305 yields

2hr

(305)

(306)
sin 4 + [sin2 VI + (2hrla)] 1/2

Similarly

2ht
(307)

sin 4 + [sin2 4 + (2ht/a)] 1/2

Substitutions of Eqs. 306 and 307 reduce Eq. 303 to Eq. 297.

Table 27- RNGCEN Variables
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Fortran Variable_[ Description

DELT Wavelength divided by 4 (m) (X/4 in Eq. 296)
HR Height of the antenna (m) (h, in Eqs. 296 and 297)
HT Height of the target (m) (ht in Eqs. 296 and 297)
RI Slant range from the radar to reflection point (m) (R1 in Eq. 300)
R2 Slant range from the reflection point to target (m) (R2 in Eq. 300)
RE 4/3 of the earth's radius (m) (a in Eqs. 299 and 306 through 307)
S Sine of the grazing angle (sin 4 in Eqs. 298, 299, 301, and 305

through 307)
SRi Ground range from the radar to the reflection point (m) (r1 in text

after Eq. 299)
SR2 Ground range from the reflection point to the target (m) (r2 in text

after Eq. 299)
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Subroutine SIGNAL

Subroutine SIGNAL is called by the executive routine every scan for each target and
radar mode. For a given target JTAR, the subroutine computes the free-space returning sig-
nal power PWR and the total received signal energy SIGEN, the latter taking into account the
effects of multipath propagation and rain attenuation (Table 28). A second entry point
NOISE calculates the noise energy (including jamming) EN and clutter energy EC associated
with the target JTAR.

Subroutine SIGNAL first calls subroutine TARSIG to compute target JTAR's radar
cross section a as a function of aspect angle. This is then used to determine the free-space
returning signal power at the beam maximum according to

PTG2 X2 aLR LTLM
rP, (308)

R4 (47r)3

where PT is the peak power (W), G is the one-way antenna gain (with respect to the omni-
directional case), X is the radar wavelength (m), a is the target cross section (m 2 ), Lr is the
receiver antenna loss, LT is the loss between the transmitter output and free space, LM is
the mode-dependent loss, and R is the target range (m). The received signal energy for a
pulse of duration r is then

So = PrT. (309)

While the target is assumed to be in the center of the azimuth beam, the signal energy
must be adjusted for target JTAR being off the elevation beam center. This is accomplished
through the use of the BEAM function, which determines a one-way beam-shape factor f(O)
that is applied to the received-signal energy according to

S1 = SO [f(0)] 2 . (310)

Rain is modeled by a large number of independent scatterers, each of cross section ai
and located within the radar resolution cell. This method is suggested by Skolnik [8]. Ac-
cordingly the total rain cross section is

(R = Vm Y ai, (311)

whwere V17 is the volume of the radar resolution cell:

.= (4) ROB¢B ( 2 ) (312)

where OB and OB are respectively the horizontal and vertical 3-dB beamwidths in radians, c
is the speed of light, and TC is the compressed-pulse length in seconds.
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It can be shown that if the raindrop diameter D is small in comparison to X, then ai
can be represented by

5 =
2 D6 , (313)

where K depends on the dielectric constant of the scatterer and K2 is approximately 0.93
for water at 100C when X = 10 cm. Since the drop diameter is not a convenient parameter,
an expression has been developed that relates drop diameter to rainfall rate r (in millimeters
per hour):

E = 2OOr'.6 (314)
i

Substituting Eqs. 312, 313, and 314 into Eq. 311 and using a value of 0.93 for K2

gives the total rain cross section OR in the resolution cell as

aR = 6.706 X 10-6 TCr0BBR 2r1. 6 x 4 . (315)

This expression for OR is used to determine the rain's contribution to the total noise.

The two-way rain attenuation is calculated by fitting a curve to data published by
Nathanson [9]. The data show a logarithmic relationship between attenuation and fre-
quency that can be expressed algebraically as

2a = 1.753 X 10-3 f 1 87 (316)

where 2a is the two-way attenuation in decibels per nautical mile per millimeter per hour
and f is the frequency in gigahertz. The two-way attenuation Ar (absolute) for a given rain-
fall rate r, range R (meters), and wavelength X (meters) is

log10 Ar = - 10-8 RrX-1 .87 . (317)

Before the rain-attenuated signal energy can be computed, it is necessary to consider
multipath effects. This is carried out in subroutine MULPTH, which calculates the propaga-
tion factor F. The rain-attenuated signal energy for IF bandwidth BIF is then

S = S1 F!Ar[min (BIFrc, 1)], (318)

where the bandwidth adjustment is consistent with matched-filter analysis.

The four components that are considered to be contributory to noise-thermal noise,
jamming, sea clutter, and rain backscatter-are calculated through entry NOISE.

Thermal noise energy is determined from

NT = FnkT0, (319)

where Fn is the receiver noise figure, k is Boltzmann's constant, and To is the system
temperature in degrees Kelvin.
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Jamming energy EJ and sea clutter E, are calculated by subroutine JAM and are mod-
ified by Ar to include the effects of rain attenuation.

Rain backscatter energy is computed according to

6 OR SIcT-

ER F4f 2 (0) 
(320)

where I, is the rain- clutter improvement factor and the factor 6 represents the effect of
averaging returns for rain in the resolution cell over many multipath fade and reinforcement
regions in radar modes affected by multipath propagation.

The noise energy EN, including jamming and rain backscatter but not sea clutter, is

EN = (NT + EJ + ER) max (BJFTC, 1), (321)

where the adjustment to the total energy allows for increased noise due to an unmatched
IF bandwidth. The sea-clutter energy E. is also adjusted to allow for an unmatched IF
bandwidth and returned separately.

Table 28 - SIGNAL Variables

Fortran Variable -Description

AMBN Thermal noise energy (J) (NT in Eq. 319)
EC Sea-clutter energy (J) (EC in text between Eqs. 319 and 320)
EJ Jamming energy (J) (Ej in Eq. 321)
EN Noise energy (J), including thermal noise, jamming, and rain back-

scatter, but excluding sea clutter (EN in Eq. 321)
ENVIR(4) Rainfall rate (mm/h) (r in Eq. 314)
ES Signal energy (J) (S in Eqs. 318 and 320)
FAC Propagation factor (F in Eq. 318)
FHV(1) Beam-pattern factor (power) (f (O) in Eq. 310)
IMODE(J,1) Number of pulses integrated
IMODE(J,2) max (BwrT, 1) for mode J (rounded to the nearest integer)

(Eq. 321)
PWR Power received (W) (Pr in Eq. 309)
R Range R (n.mi.)
RA Two-way rain attenuation (Ar in Eq. 317)
RC(3) Receiver noise figure (Fn in Eq. 319)
RC(4) Horizontal 3-dB beamwidth (rad) (OB in Eqs. 312 and 315)
RC(5) Vertical 3-dB beamwidth (rad) (OB in Eqs. 312 and 315)
RC(6) Antenna gain one way with respect to the omnidirectional case

(G in Eq. 308)
RC(8) Receive antenna loss (dB) (LR in Eq. 308)
RC(9) Loss between the transmitter output and free space (LT in

Eq. 308)

Table continues.
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Table 28 (Concluded) - SIGNAL Variables

Fortran Variable Description

RC(10) Boltzmann's constant times the system temperature (kT 0 in
Eq. 319)

RM Range (m) (R in Eqs. 312, 315, and 317)
RMODE(J,3) Peak power (W) for mode J (Pt in Eq. 308)
RMODE(J,4) Pulse length for mode J (r in Eq. 309)
RMODE(J,8) Mode-dependent loss for mode J (LM in Eq. 308)
RMODE(J,12) Intermediate-frequency bandwidth (Hz) (BIF in Eqs. 318 and

321)
RMT Range to the fourth power (m4 ) (R4 in Eq. 308)
RNCS Rain cross section for rain in the resolution cell (m2) (OR in

Eqs. 311 and 315)
SIGEN Signal energy (J), same as ES (S in Eqs. 318 and 320)
SMODE(J,2) Rain-clutter improvement factor (I, in Eq. 320)
TARCS Target cross section (m2) (a in Eq. 308)
TAU(NEXT) Compressed pulse length (s) (rc in Eqs. 312, 315, 318, and 321)
WVL Wavelength (m) (X in Eqs. 308, 313, 315, and 317)
XNMTOM Conversion factor (nautical miles to meters)

Subroutine TARGET

Subroutine TARGET is called once by the executive routine. Its purpose is to read in
target and jammer characteristics and trajectory data, which it converts from kilofeet,
seconds, and watts per megahertz to internal units (nautical miles, hours, and watts per
hertz) for use by other subroutines. In addition, preliminary calculations are performed for
maneuvering targets, and the coefficient array for computations of target radar cross sec-
tions is determined.

A maximum of 20 targets (to be detected) and jammers (additional sources of jamming
radiation) in any combination may be defined. The first input card read by subroutine
TARGET specifies the number of targets NTARG and then the number of jammers NJAM.
Each target or jammer is defined by a pair of cards; the NTARG pairs of cards immediately
following the first input card define the targets, and the next NJAM pairs of cards define
the jammers (Table 29).

The initial card (of the pair) for a target (or jammer) contains the following data:

XYZI - Initial position coordinates and time (x, y, z, t)i (kft and s),
XYZF - Final position coordinates and time (x, y, z, t)f (kft and s), with tf being

ignored for a maneuvering target (ITYPE = 2),
SIGTAR - Head-on, broadside, and minimum radar reflective areas (m2),
SIGJAM - Jamming power density (W/MHz),
MODEL - Marcum-Swerling cross-section model number.
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The contents of the second card varies according to the value of its first parameter
ITYPE, which specifies which of the three defined types of flight profiles the target will
follow. Target profile type 0 (ITYPE = 0) consists of a straight-line trajectory from the
initial position to the final position. The target's constant speed is determined from the
initial and final times specified for these positions. Therefore the second card for a target
of type 0 is blank (but cannot be omitted).

Target profile type 1 (ITYPE = 1) is defined as a piecewise linear trajectory consisting
of from two to four altitude legs. These legs are determined by specifying from one to three
altitude nodes and corresponding arrival times. Therefore the complete trajectory consists
of straight-line segments between altitude nodes, with the projection of the profile on the
xy plane being a straight line between the initial and final positions. The second card for a
type-1 target contains the following data:

ITYPE(J) - Target profile type (1),
NALT(J) - Number of altitude nodes,
ALT(J,1) - First altitude (node) (kft),

TALT(J,1) - Time of arrival at the first altitude (s),
ALT(J,2) - Second altitude (node) (kft),

TALT(J,2) - Time of arrival at the second altitude (s),
ALT(J,3) -Third altitude (node) (kft),

TALT(J,3) - Time of arrival at the third altitude (s).

Target profile type 2 (ITYPE = 2) is defined at a constant altitude and consists of a
straight-line trajectory from the initial position at the defined speed and heading to a
specified time when the maneuver begins. The maneuver (turn) occurs in the horizontal
plane according to the specified g capability. The maneuver terminates when the target is
heading toward its final position, at which time the profile returns to a straight-line trajec-
tory to the target's endpoint.

The second card for a type 2 target contains the following data:

ITYPE(J) -Target profile type (2),
SPEED(J) -Target speed (kft/s),
HEADI(J) - Initial target heading (deg),
TMANI(J) - Time at which the maneuver begins (s),

GTURN(J) - Radial acceleration of the maneuver (g's).

For each target defined with a type-2 trajectory the calculations that follow are per-
formed in addition to the scaling of parameters.

Let A denote the distance traveled by the target from its initial position to the point
of maneuver:

A = V(tm - ti), (322)

where v is the speed of the target, tm is the time the target starts its maneuver, and ti is the
time the target leaves its initial position. The coordinates of the point (xm , Ym ) where the
maneuver begins are

Xm = Xi + A cos (hi) (323a)
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and

Ym = Yi + A sin (hi), (323b)

where xi is the x coordinate of the target's initial position, yi is the y coordinate of the tar-
get's initial position, and hi is the initial heading of the target. To determine if the maneuver
is clockwise or counterclockwise (looking into the xy plane), the heading of the vector de-
fined from the point of maneuver to the target's final position is computed:

hm =cos1 ([Xf -Xm] I[(Xf -Xm) 2 + (yf -ym)2 ]12 ), (324)

where Xf is the x coordinate of the target's final position and yf is the y coordinate of tar-
get's final position. If hi < 7r and either hm < hi or hm > hi + ir, or if hi > 7r and both hm <
hi and hm > hi - 7r (the point (xf, yf) lies to the right of the initial heading vector), then
the maneuver is clockwise and flagged by TURN = -1. Otherwise the maneuver is counter-
clockwise with TURN =1.

The radius of the maneuver circle is

rm = v2 /g, (325)

where v is the target speed and g is the radial acceleration of the target maneuver.

The center (xC, Y,) of the maneuver circle is

Xc = xm + rm cos (hi + TURN ir/2) (326a)

and

Yc = Ym + rm sin (hi + TURN 7r/2). (326b)

If

d = [(Xf _ Xc)2 + (yf _ yc)2 I 1/2 < rm (327)

then the target's final position lies inside the maneuver circle, so the maneuver is impossible,
and the target is deleted from further consideration.

Let a and 3 be defined by

a= Cos-' [(xf - xc)Id] (328)

and

if =sin- [rm Id]. (329)

The heading hf of the target as it terminates its maneuver and begins its final leg is then

hf = o + TURN 3, sin a -> , (330a)

= 2ir -a + TURN 3, sin ox < 0. (330b)
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The point (x,, yn) where the target terminates its maneuver is

Xn = xc + rm cos (hf - TURN ir/2)

and

Yn = Yc + rm sin (hf - TURN 7r/2),

and the time tn the target reaches (xn, 9Yn) is

tn = tm + v(Ah)/g,

where

Ah = hf - hi, (I

= hf - hi + 2r,

(333a)

(hf - hi) < O.

The time tf the target arrives at its final position is

tf tn + [(xf - Xn )2 + (yf _ y )2 ] 1/2 /V

(333b)

(324)

(The final time specified as input for a type-2 target is ignored and may be omitted.)

The concluding calculations performed in subroutine TARGET are those to determine
the coefficient array [A] for radar cross sections of a target. It is assumed that a target's
radar cross section, as viewed circumferentially, generates a lobing structure and that this
structure can be represented by a linear combination of the functions cos 20, cos 40, and
cos 80, where 0 is the angle between the line of sight to the target and the target's broadside
axis (Fig. 15). Thus

u(O) = Al cos 20 + A2 cos 40 + A3 cos 80 + A 4 . (335)

TARGET'S BROADSIDE
AXIS

RADAR

Fig. 15 - Geometry used in determining radar
cross section of a target
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Expressions for the coefficients Ai as functions of the broadside, head-on, and mini-
mum cross sections are developed as follows. First the expression for az(0) is differentiated
and expressed in terms of cos 0 and sin 20:

0'(0) = 2A1 sin 20 + 8A2 (2 cos20 - 1) sin 20

+ 32A3 (16 cos60 - 24 cos40 + 10 cos20 - 1) sin 20. (336)

It is now assumed that the minimum radar cross section occurs at 0 = 7r/3, or 600 off broad-
side. (This is consistent with measurements made on the type of aircraft that is normally
encountered in applications.) Setting a' = 0 and cos 0 = - 1/2 in Eq. 336 yields

4A 3 - 2A2 +Al0. (337)

For 0 = 0 the radar cross section is given by the input value for the broadside cross section
B. These values together with Eq. 337 reduce Eq. 335 to

x(O) = 3A2 - 3A3 + 4A2 = B. (338)

For 0 = 7r/2 the radar cross section is given by the input value for the normal cross section N;
hence

-A 2 + 5A3 +A 4 =N. (339)

For 0 = 7r/3 the radar cross section is given by the input minimum value M. This yields

- 3A2 + 3A3 - 2A4 = 2M. (340)

Solving Eqs. 337 through 340 for A1 , A2 , A3 , and A4 gives the results

B + 2M
A4 = (341a)

B + 3N - 4A4
A 3 = 12 (341b)

A 2 = 5A3 -N+A 4 , (341c)

and

A1 = 2A2 -4A 3 - (341d)

A set of four such coefficients is calculated for each target.
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Table 29 -TARGET Variables

Fortran Variable

A(J,I)

ALT(J,I)
CARD(I)

CM(J,1)

CM(J,2)

DELR

GTURN(J)

HEADF(J)
HEADI(J)
ITYPE(J)

MODEL(J)

NALT(J)
NJAM
NTARG
NUMTGT
RADM(J)
SIGJAM(J)
SIGTAR(J,1)
SIGTAR(J,2)
SIGTAR(J,3)
SPEED(J)
TALT(J,I)
TMANF(J)

TMANI(J)

TURN(J)

XHEAD

XMANF(J,1)

XMANF(J,2)

Description

Coefficients calculated for use in determining target-I radar cross
sections(A 1 ,A 2 ,A 3 , andA 4 in Eqs. 335 and 341)

Altitude of profile node I of target J with ITYPE(J) = 1
Temporary storage for the input parameters from the second

data card for the target
Coordinate x of the center of the maneuver circle for target J

with ITYPE(J) = 2 (xc in Eq. 326a)
Coordinate y of the center of the maneuver circle for target J

with ITYPE(J) = 2 (Yc in Eq. 326b)
Distance from the center of the maneuver circle to the final posi-

tion for target J with ITYPE(J) = 2 (d in Eq. 327)
Radial acceleration for the maneuver by target J with ITYPE = 2

(g in Eq. 325)
Final heading of target J with ITYPE(J) = 2 (hf in Eqs. 330)
Initial heading of target J with ITYPE(J) = 2 (hi in Eqs. 323)
Type of target profile for target J:

0 = straight-line trajectory
1 = altitude legs
2 = maneuver

Indicator of the Marcum-Swerling cross-section model for tar-
get J

Number of altitude nodes for target J with ITYPE(J) 1
Number of jammers
Number of targets
Total number of targets plus jammers
Radius of the maneuver circle of target J with ITYPE = 2
Jamming power for target J (W/MHz to W/Hz)
Head-on radar cross section for target J (m2 ) (N in Eq. 339)
Broadside radar cross section for target J (m2 ) (B in Eq. 338)
Minimum radar cross section for target J (m2 ) (M in Eq. 340)
Speed of target J with ITYPE(J) = 2 (v in Eq. 325)
Time when target J with ITYPE(J) = 1 arrives at altitude node I
Time when target J with ITYPE(J) = 2 terminates its maneuver

(tn in Eqs. 332 and 334)
Time when target J with ITYPE(J) = 2 begins its maneuver (tm

in Eq. 322)
Indicator for a counterclockwise (1) or clockwise (- 1) maneu-

ver for target J with ITYPE(J) = 2
Heading of the vector defined from the point the maneuver be-

gins to the final position of target J with ITYPE(J) = 2 (hm
in Eq. 324)

Coordinate x for the point where target J with ITYPE(J) = 2
terminates its maneuver (xn in Eqs. 331a and 334)

Coordinate y for the point where target J with ITYPE(J) = 2
terminates its maneuver (Yn in Eqs. 331b and 334)

Table continues.

118



NRL REPORT 8228

Table 29 (Concluded) - TARGET Variables

Fortran Variable

XMANI(J,1)

XMANI(J,2)

XYZF(J,1)

XYZF(J,2)

XYZF(J,3)
XYZF(J,4)
XYZI(J,1)
XYZI(J,2)
XYZI(J,3)
XYZI(J,4)

Description

Coordinate x for the point where target J with ITYPE(J) = 2
begins its maneuver (xm in Eq. 323a)

Coordinate y for the point where target J with ITYPE(J) = 2
begins its maneuver (Ym in Eq. 323b)

Final coordinate x for target J (kft to n.mi.) (xf in Eqs. 324
and 334)

Final coordinate y for target J (kft to n.mi.) (yf in Eqs. 324 and
334)

Final coordinate z for target J (kft to n.mi.)
Final time for target J (s to h) (tf in Eq. 334)
Initial coordinate x for target J (kft to n.mi.) (xi in Eq. 323a)
Initial coordinate y for target J (kft to n.mi.) (yj in Eq. 323b)
Initial coordinate z for target J (kft to n.mi.)
Initial time for target J (s to h) (ti in Eq. 322)

Subroutine TARSIG

Subroutine TARSIG is called by subroutine SIGNAL to calculate the radar cross sec-
tion of target JTAR at a given aspect angle 0 (Table 30). It is assumed that the target's radar
cross section a generates a lobing structure which can be represented by a linear combina-
tion of functions of the form cos 2k0, so that

a(0) = A1 cos 20 + A2 cos 40 + A3 cos 80 + A4 , (342)

where 0 is the angle between the line of sight from the radar to the target and the target's
broadside axis (Fig. 15). The coefficients Ai are functions of the target's head-on and
broadside radar-cross-section input values and of the minimum radar cross section en-
countered over the anticipated range of aspect angles, also an input value. A set of these
weighting factors Ai is calculated for each target in subroutine TARGET.

Table 30 - TARSIG Variables

Fortran Variable Description

A(JTAR,I) Coefficients for target JTAR calculated in subroutine TARGET
(Ai in Eq. 342)

DOTP(JTAR) Cosine of the angle (ir/2) - 0 between the line of sight from the
radar to the target and the target's velocity vector (Fig. 15)

TARCS Target cross section (m 2 ) (a(0) in Eq. 342)
TEMP(2) - cos 20
TEMP(3) cos 40
TEMP(4) cos 80
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Subroutine UFUN

Subroutine UFUN is called by subroutine MULPTH to calculate the U functions that
are used in determining the pattern-propagation factor F in the diffraction region. The equa-
tion as given by Kerr [7] for the pattern-propagation factor in the diffraction region is

F = 2(7rX)l/ 2 e-C1XIUi(ZI)U1(Z 2 )I, (343)

and UFUN evaluates the function U1 (Zj) for the values of Zi given in its calling sequence.
The term Zj is alternatively assigned the height of the radar (Zl) and the height of the target
(Z2 ) in the so-called natural units discussed in the subsection on subroutine MULPTH.

The rationale followed in evaluating U1(Zj) is as follows: The term U1(Zj) can be
expressed in terms of the function h2 (x). This is found [7, p. 109] to be

h2 (Zj +A1 )

h 2 (A 1 )

The quantity A1 is calculated in MULPTH and corresponds to CA in the calling sequence
(Table 31), and h2 indicates the derivative of h2.

The function h2 (x) can in turn be expressed in terms of Airy functions:

h2(x) = i24
/
3 31/6Ai(xeifI 3). (345)

Expressions for evaluating the Airy functions are found in Ref. 10. The Airy function is

Ai(z) = clf(z) - C2g(z), (346)

where f(z) and g(z) are given by power series for small values of Izi:

f(z)= 1 + z3 + 14 z6 + 1-4-7 z9 + (347a)
3! 6! 9!

and

g(z) z + -2 -4 + 2-5 z7 + 2*5 8 z10 + (347b)
4! ~ 7! 10!

For values of Izi > 3, Ai(z) is approximated by an asymptotic expansion:

Ai(z) 7r-12Z- /4e- L(- 1)knku (348)
k=O
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Table 31 - UFUN Variables

Fortran Variable Description

CA Function of the complex dielectric constant and polarization,
evaluated in MULPTH (A1 in Eq. 344)

CA1 Aleir/ 3 (An Airy-function argument in Eq. 345, represented
by z in Eqs. 346 through 349)

CA13 (Alei7r/3)3 (z3 in Eq. 347a)
CA14 (A1eibrI3 )-114 (z-1 /4 in Eq. 348)
CAIR The kth term of the asymptotic expansion of the Airy func-

tion (Eq. 348) with argument (Zi + A1 )ei4r3
CAIRP The kth term of the asymptotic expansion of the derivative of

the Airy function with argument Alei/3
CANS Function used to determine the propagation factor in the

diffraction region (U1 in Eqs. 343 and 344)
CC (1/2)lr-1/2(CZ)-l/ 4 e-M (factor in Eq. 348)
CCP - (1/2)7r-1/2(CAI)1/4e-A (factor in Eq. 348)
CDA 2/3(A1 eiirI3)3/2 (right-hand side of Eq. 349)
CDZ 2/3[(Zi +A 1 )ei/l 3 ] 3/2 (right-hand side of Eq. 349)
CFI f [(Zi + A1 )ei7r/3] summed to the kth term (f (z) in Eq. 347a)
CFIP f'(Alei413) summed to the kth term
CGI g1(Zi + A1)eiTii3 ] summed to the kth term (g(z) in Eq. 347b)
CGIP g'(A1 eii/3) summed to the kth term
CH2 h function used in determining U1 (h2 (ZV + A 1 ) in Eq. 344)
CH2P Derivative of the h function (h' (A1 ) in Eq. 344)
CI Nf/CT (i in Eqs. 344 and 345)
COLDA Previous value of CANS
CXP3 eir/3 (Eq. 345)
CZ (Z2 + A1)ei-r/3 (an Airy-function argument z)
CZ3 [(Zi + A1 )ei/33 ] 3 (z3 in Eq. 347a)
CZ4 [(Zi + A 1)eiTr/3]- 1 /4 (z-1/4 in Eq. 348)
I Counter k indicating which term of the power series

(Eqs. 347) or the asymptotic expansion (Eq. 348) is
under consideration

IKEY Indicator that determines which expansion to use for the
Airy functions:

0 = ICZI and ICA11 < 3
1 = JCZj >3
2 = ICA1l >3
3 = JCZI and ICA11 > 3

ISWIT Indicator:
0 = initial pass or new mode
1 = same mode as previous pass

OLDZ Value of Zj on the previous entry to UFUNRTPI tpvsn tU
XC1 Constant used in evaluating the Airy function (c1 in Eq. 346)
XC2 Constant used in evaluating the Airy function (c2 in Eq. 346)
XMUL1 Coefficient of the kth term of the power series for f(z)

(Eq. 347a)
XMUL2 Coefficient of the kth term of the power series for g(z)

(Eq. 347b)
Z Height of the point in space under consideration (Zj in

Eq. 344)
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where

2z3 /2

3 '(349)

no= 1, (350)

and

r(3k + 1/2)

5 4kk!r(k + 1/2)
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Appendix A

THRESHOLD VALUES

This appendix is a guide in setting the threshold required as an input value to
SURDET2D and SURDET3D (data card 7, described on pages 10 and 45). It will be
assumed that the noise is Rayleigh and that enough reference cells are used so that there
is no error in the estimate of the noise power. Then, for linear video and a two-parameter
threshold of the form (Eqs. 62 and 126)

(Al)T = p + F2 a
the appropriate value of F2 can be found in Robertson*. For linear video and a one-
parameter threshold of the form (Eqs. 63 and 127)

(A2)T = F1j,

the appropriate value of F1 can be found from

F, =1+F2 MI (A3)

where M is the number of pulses integrated. For log video and a threshold of the form
(Eqs. 64 and 128)

T = i+ F3 (A4)

the appropriate value of F3 can be found by Monte Carlo techniques employing importance-
sampling techniques.

For a probability of false alarm equal to 10-6 the appropriate values of Fi are given in
Table Al.

Table Al-Threshold Values for F1 , F 2 , and F3

Threshold Value for a Given Number of Samples
Type of Video Threshold Type l l 1 l 3 6

1 2 4 8 f16 I32164 128 

Linear T = Fjp - 6.10 5.85 5.62 5.40 5.25 5.12 5.04 4.96
Linear T = pu + F2 a 4.19 3.16 2.47 2.00 1.69 1.47 1.33 1.23
Log T = p + F3 1.59 2.63 4.24 6.55 9.78 15.0 22.3 32.0

*G.H. Robertson, "Operating Characteristics for a Linear Detector of CW Signals in Narrow-band Gaussian
Noise," Bell Syst. Tech. J. 46, 755-774 (Apr. 1967).
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PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET2D

PROGRAM SURDET
C
C THIS IS THE SURDET2D EXECUTIVE ROUTINE
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C
C DESCRIPTION OF DATA CARDS
C
C DATA CARD NO. I
C
C DETAILED OUTPUT CONTROL INTEGER (15 FORMAT)
C 0 = N1 TUTPUT TO BE PRINTED
C 1 = DETECTION OUTPUT TO BE PRINTED
C 2 = DETAILED OUTPUT TO BE PRINTED
C
C
C
C DATA CARD NO. 2
C
C TITLE CARD - RUN IDENTIFICATION (14,19A4 FORMAT)
C 1 RADAR ID NUMBER FOR TARGET DETECTION OUTPUT FILES
C 2-20 ALPHANUMERIC DESCRIPTIVE TITLE
C
C

DATA CARD NO. 3

SHIP (RADAR) POSITION (4F8.2 FORMAT)
1-3 PISITION COORDINATES (X,YZ) IN KFT
4 SHIP HEADING IN DEGREES

DATA CARD NO. 4

11 BASIC RADAR PARAMETERS (9F8.2,12,F6.2 FORMAT)
1 RADAR FREQUENCY IN MHZ
2 ANTENN A PATTERN FUNCTION INDICATOR

0 = PENCIL BEAM
1 = COSECANT SQUARE BEAM

3 RECEIVER NOISE IN DB
4 HORIZONTAL 30B BEAMWIDTH IN DEGREES
5 VERTICAL 3DB BEAMWIDTH IN DEGREES
6 ONE-WAY ANTENNA GAIN IN DB
7 ONE-WAY SIDELOBE LEVEL IN DB DOWN
A RECEIVER LOSS IN DB
9 TRANSMITTER LOSS IN CB
10 NUMBER OF SCAN MODES
11 LINEAR POLARIZATION IN DEGRFES
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C 0 = HORIZONTAL
C 90 = VERTICAL
C
C
C DATA CARDS NO. 5 AND 6 (ONE SET FOR EACH RADAR SCAN MODE)
C
C 15 PARAMETERS FOR EACH SCAN MODE (IOF8.2/5F8.2 FORMAT)
C 1 LOwER BOUNDARY ELEVATION ANGLE COVERAGE IN DEGREES
C 2 UPPER BOUNDARY ELEVATION ANGLE COVERAGE IN DEGREES
C 3 PEAK POWER IN MW
C 4 PULSE LENGTH IN MICROSECONDS
C 5 INTERLOOK PERIOD IN SECONDS
C 6 SCAN OFFSET IN SECONDS
C 7 INSTRUMENTED RANGE IN NMT
C # MODE DEPENDENT LOSS IN DB
C 9 NUMBER OF PULSES INTEGRATED
C 10 COMPRESSED PULSE LENGTH IN MICROSECONDS
C 11 SFA CLUTTER IMPROVEMENT FACTOR IN DB
C 12 I.F. BANDWIDTH IN MHZ. IF O, BANDWIDTH WILL BE SET
C AT 1.O/(COMPRESSED PULSE LENGTH)
C 13 MODE DEPENDENT FREQUENCY INCREMENT IN MHZ
C 14 BLANKING TIME IN MICROSECONDS. IF O. SET AT
C PULSE LENGTH
C 15 RAIN CLUTTER IMPROVEMENT FACTOR IN nB
C
C
C DATA CARD NO. 7
C
C 7 PARAMETERS FOR MOVING WINDOW DETECTOR (7F8.2 FORMAT)
C I NO. OF REFERENCE CELLS ON EACH SIDE OF TARGET CELL
C 2 CLUTTER CORRELATION COEFFICIENT
C 3 NO. OF STANDARD DEVIATIONS USED IN THRESHOLD
C 4 NM. OF DETECTIONS THAT CAN BE MISSED AND DETECTIONS
C STILL MERGED INTO A SINGLE DETECTION
C 5 VIDEO TYPE INDICATOR
C 0 = LINEAR VIDEO
C 1 = LOG VIDEO
C 6 No. OF REFERENCE CELLS USED FOR THRESHOLD
C 0 = ALL CELLS USED
C <0 = SMALLER HALF USED
C >0 = LARGER HALF USED
C 7 PARAMETERS USED TO CALCULATE THRESHOLD
C 1 = MEAN USED
C 2 - MEAN AND VARIANCE USED
C
C
C
C DATA CARD NO. 8
C
C NUMBER OF TARGETS AND JAMMERS (215 FORMAT)
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C 1 NO. OF TARGETS
C 2 NO. OF JAMMERS
C
C
C DATA CARDS NO. 9 AND 10 (ONE SET FOR EACH TARGET AND JAMMER)
C
C CARD 9 13 TARGET PARAMETERS (12F6.2,I3 FORMAT)
C TARGET TRAJECTORY SHOULD NOT CROSS 0 DEGREES IN AZIMUTH

C 1-4 INITIAL COORDINATES (XYZT) IN KFT AND SECONDS
C 5-8 TERMINAL COORDINATES (XYZT) IN KFT AND SECONDS
C 9-11 RADAR REFLECTIVE AREAS FOR HEAD-ON,
C PROAD-SIDE, AND MINIMUM IN SQ. METERS
C 12 JAMMING POWER DENSITY IN W/MHZ
C 13 MARCUM SWERLING CROSS SECTION MODEL
C
C CARD 10 TARGET PROFILE PARAMETERS (1407F6.2 FORMAT)
C 1 TARGET PROFILE TYPE
C 0 = STRAIGHT LINE TRAJECTORY
C 1 = 2-4 ALTITUDE LEGS
C 2 = G-MANEUVER AT CONSTANT ALTITUDE
C REMAINING PROFILE PARAMETERS BY TARGET TYPE
C IF TARGET TYPE = n
C 2-8 IGNORED
C IF TARGET TYPE = 1
C 2 =NO. OIF ALTITUDE NODES
C 3 = FIRST ALTITUDE NODE IN KFT
C 4 =TIME OF ARRIVAL AT FIRST NODE IN SEC
C 5 = SECOND ALTITUDE NODE IN KFT
C 6 = TIME OF ARRIVAL AT SECOND NODE IN SEC
C 7 = THIRD ALTITUDE NODE IN KFT
C 8 = TIME OF ARRIVAL AT THIRD NODE IN SEC
C IF TARGET TYPE = 2
C 2 = TARGET SPEED IN KFT/SEC
C 3 = INITIAL HEADING IN DEGREES
C 4 = TIME MANEUVER BEGINS IN SEC
C 5 = TARGET MANEUVER RADIAL ACCELERATION IN G5S
C
C
C
C DATA CARD NO. 11
C
C 4 ENVIRONMENTAL PARAMETERS (4F8.2 FORMAT)
C I WIND SPEED IN KNOTS
C 2 HEIGHT OF WIND SPEED MEASUREMENT IN KFT
C 3 MULTIPATH INDICATOR
C 1 = MULTIPATH
C 0 = NO MULTIPATH
C 4 RAINFALL RATE IN MM/HR
C
C
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C
C DATA CARD NO. 12
C
C 9 FIXED CLUTTER PARAMETERS (218,7F8.2 FORMAT)
C 1 INITIALIZATION FOR RANDOM NUMBER GENERATOR FOR
C GENERATION OF FIXED CLUTTER POINTS
C 2 NO. OF FIXED CLUTTER POINTS
C 3 PROBABILITY THAT CLUTTER POINT IS DETECTED
C 4 INITIAL RANGE OF CLUTTER AREA IN KFT
C 5 FINAL RANGE OF CLUTTER AREA IN KFT
C 6 STANDARD DEVIATION OF RANGE MEASUREMENT
C AS A PERCENTAGE OF RANGE RESOLUTION CELL SIZE
C 7 INITIAL AZIMUTH OF CLUTTER AREA IN DEGREES
C 8 FINAL AZIMUTH OF CLUTTER AREA IN DEGREES
C 9 STANDARD DEVIATION OF AZIMUTH MEASUREMENT
C AS A PERCENTAGE OF HORIZONTAL 3DB BEAMWIDTH
C
C
C
C DATA CARD NO. 13
C
C 2 BASIC VARIABLE CLUTTER PARAMETERS (218 FORMAT)
C 1 INITIALIZATION FOR RANDOM NUMBER GENERATOR FOR
C GENERATION OF VARIABLE CLUTTER POINTS
C 2 NO. OF CLUTTER REGIONS
C
C
C DATA CARD NO. 14 (ONE CARD FOR EACH CLUTTER REGION)
C
C 5 PARAMETERS FOR EACH CLUTTER REGION (5F8.2 FORMAT)
C I AVERAGE NUMBER OF CLUTTER POINTS IN REGION
C 2 INITIAL RANGE OF CLUTTER AREA IN FT
C 3 FINAL RANGE OF CLUTTER AREA IN KFT
C 4 INITIAL AZIMUTH OF CLUTTER AREA IN DEGREES
C -5 FINAL AZIMUTH OF CLUTTER AREA IN DEGREES
C
C
C
C DATA CARD NO. 15
C
C 4 ROLL AND PITCH PARAMETERS C4F8.2)
C 1 MAXIMUM ROLL ANGLE IN DEGREES
C 2 MAXIMUM PITCH ANGLE IN DEGREES
C 3 ROLL PERIOD IN SECONDS
C 4 PITCH PERIOD IN SECINDS
C
C
C
C DATA CARD NO. 16
C
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C1 TIME PARAMETER (F8.2)
C GAME TIME (IN SEC) BY WHICH RADAR IS TO BEGIN SCANS
C
C
C
C DATA CARD NO. 17
C
C RECYCLE CONTROL PARAMETER (IS FORMAT)
C 1 = NEW SHIP IN WHICH CASE
C THE NEXT DATA CARD IS NO. 1
C 2 = NEW TARGETS
C 3 = NEW ENVIROMENT
C 4 = RUN COMPLETED
C
C
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C

0002 COMMON NSCANNEXT,NUMTGT,T,aLDTENDTIM *SMODE(30.20)
1 ,PIPlOVR2 ,TWOPIRADIANTAU(30),DSTARDWL(30)
2 ,XYZI(2 04),XYZF(20,4),TRGPOS(20,7),SIGJAP(20)
3 ,SIGTAR(20,3),FHV(20),SIGMAHISWITTEMPWR
4 ,SHIP(9),RC(30),RMODE(30,12), IMODE(30,2)

0003 COMMON/B/ ENVIR(lO),SUBC(30),RECNMCCMACON,BETA,* OCTP(20),POLRZ,1KEYF,XKTOMS,XNMTOMTARCSWVLFOPIQBFOPISQ
0004 COMMON/D/ ALPHAD,SIGZV,AR1,AR2.SIGC.SIG
0005 CflMMON/H/FAC4,AMBNXJAMNIKEYJG.XXXXX
0006 COMMON/Il PBBSHOFKTHETBKDBDOWNTHH,THVGN
0007 COMMON/TM/NTARGNJAMSPEED(20),HEADI(20),HEADF(20),TMANI(20),

1 TMANF(20),XMANI(20,3),XMANF(20,3),GTURN(20),TURN(20),
2 CM(20,2),RADM(20),ITYPE(20),ALT(20.5).TALT(20,5),NALT(20)

00DP COMMONN/TS/ISTAT(20),TSCAN(20,30)
0009 COMMON /CLTOUT/ ROUT(201),AZOUT(2Ol),ELOUT(201),TOUT(201),

1 RLOUT(201),PTOUT(201),SOUT(201),NC(100),ICIV
0010 COMMON /DET/ NDET(20),MER(20),RANGE(20,3),AZ(20,6),SNDET(20,3),

I ELEV(20,3),TIME(20)
0011 COMMON /STAB/ ROLL(20),PITCHC2O)
0012 DIMENSION ITITLE(20)
0013 DIMENSIIN BUFA(8,300),BUF(10)
0014 DIMENSION BUFB(5,20)
0015 INTEGER ANSI
0016 CALL R$STOP
0017 IOUT = 10
0018 CONV=4.342944819
0019 RE=8392375.04
0020 CNM=161883.5474
0021 CCM=30000000000.
0022 BETA =.718565021
0023 ACIN= .607701593
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0024 XKTOMS =.514444444
0025 XN"TOM =1852.
0026 F)PPIStQ =157.9136706
0027 FOPIQB =1984.401711
0028 5 OFR = 0
0029 READ 52,ANSI
On30 S2 FORMAT(1615)
0031 READ 500,ITITLE
0032 500 FIPMAT(C4,19A4)
0033 PRINT 501,ITITLE
0034 501 FORMAT(lHl,14,5X,19A4)
0035 CALL INITAL
0036 10 CALL TARGET
0037 11 CALL ENVIRN

C
C INITIALIZE CLUTTER FOR TRACKING

0038 CALL FCINIT
0039 CALL VCTNIT

C
C INITIALIZE ROLL AND PITCH

0040 CALL STBINT
C
C READ IN TIME BY WHICH RADAR MUST BE INITIALIZED

0041 READ 59, RINIT
0042 59 FORMAT(F8.2)
0043 PRJNT 590, RINIT
0044 590 FORMAT(lH0,' GAME INITIALIZATION BY ',F8.2)

C
C ADD SCAN OFFSFT (FROM MODE I) TO MAX RADAR INITIALIZATION TIME

0045 RINIT = RINIT/i60f. + RMODE(1,6)
0046 ISC=O
0047 IKEYF=O

C DETERMINE TIMES EACH TARGET COMES WITHIN INSTRUMENTED RANGE
C OF EACH RADAR MODE

0048 CALL MATCH
C
C DETERMINE INITIAL AND FINAL GAME TIMES
C

0049 T = RMODE(1,9)
0050 ENDTIM = XYZF(1,4)

C SET TARGETS INITIALLY TO OVER-THE-HORIZON
0051 TRGPOS(1,4) = -1.
0052 IF(NSCAN .LT. 2) GM TO 17

C DETERMINE INITIAL TIME FROM MATCH
0053 DO 15 J = 2,NSCAN
0D 54 IF(QMODF(J,9) *LT. T) T = RMODE(J,9)
0055 15 CONTINUE
0056 17 IF(NTARG .LT. 2) GM TO 19

C DETERMINE END GAMF TIME
0057 DO 18 I = 1,NTARG
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0058 TRGPOS(1,4) = -1.
0059 IF(XYZF(1,4) .GT. ENDTIM) ENDTIM = XYZF(I,4)
006fl 18 CONTINJUE
0061 19 CONTINUE

C SET INITIAL TIME FROM MATCH 30 SEC. EARLIER FOR CLUTTER SAMPLES
0062 T = T - 3.X360.

C SET INITIAL GAME TIME
0063 T = AMINI(TRINIT)

C WRITE ID ON DETECTION OUTPUT FILE
0064 TEMP = 2
0065 TEMPB = RMODE(1,5)*3600.
0066 WRITE (IOUT) ITITLE(1),TEMPTEMPB

C
0067 IF (ANSlEQ.0) GO TO 20
0068 MUL=ENVIR(3)
0069 IF ( MUL .NE. 0 ) PRINT 506
0070 IF ( MUL *EQ. 0 ) PRINT 505
0071 506 FORMAT(X, sSSS$ WITH MULTIPATH S$$S$,/)
0072 505 FORMAT(X/,60X,' $$5S NO MULTIPATH SSSS')

C
C NEW SCAN

0073 20 ISC ISC + 1
0074 ICNT =9
0075 BUFM3) = 0

C SET SCAN PRINT FLAG
0076 IPFLAG = 0

C DETERMINE TARGET AND JAMMER POSITIMNS AT SCAN TIME T
0077 CALL NFWPOS

C
0078 0O 75 J = 1,NSCAN
0079 NEXT - J

C ZERO ARRAYS
0080 DO 25 1 = 1,NTARG
0081 NDFT(I) = 0
0082 25 MER(I) = 0
0083 DO 70 I = 1,NTARG

C CHECK IF TARGET ACTIVE
0084 IF(ISTAT(I) .NE. 1) GO TO 70

C CHECK IF TARGET WITHIN DETECTION RANGE OF THIS MODE
0085 IF(TSCANCIJ) .GT. T) GO TO 70
0086 TEMP = RMVDE(Jl) - 0.63*RC(5)
0087 TEMP2 = RMODE(J,2) + 0.63*RC(5)
0088 IF(TRGPOS(I,6) .GF. TEMP .AND. TRGPOS(1,6) *LE.

I TEMP2 .AND. TRGPOS(1,4) .LE. RMODE(J,7)
2 .AND. TRGPOS(I,4) .GT. SMODE(J,1)) GO TO 30

C TARGET CANNOT BE DETECTED BY MODE J
0089 GO TO 70
ooq9 30 IF(RC(<) + DWL(NEXT) .NE. OFR) ISWIT = 0
0091 OFR=RC(l)+DWL(NEXT)
0092 RFR=RC(1)YPFR
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0093 RC(6)=GN/P.FR**2
0094 RC(4)=THH*RFR
0095 RC(5)=THV*RFR
0096 PBBS = RMt9DE(NEXT,1) + RC(5)/2.

C
0097 ALPHAD = 0
0098 SIGC = 0
0099 SIG 0
0100 ARI = 0
0101 AR2 = 
0102 V = 0

C CHECK FOR PRINT
0103 IF( IPFLAG .NE. 0) GI TO 35
0104 IPFLAG = 1
0105 IF( ANS1.EQ.0 ) GO TO 35

C PRINT SCAN NUMBER
0106 PRINT 507,1SC
0107 507 FORMAT (////,30X,'+++++++ SCAN NUMBER = ,I4,' *+.+++,/)
0108 IF( ANS1.NE.2 ) GO TO 35

C PRINT HEADING
0109 PRINT 40

C COMPUTE SIGNAL ENERGY AND NOISE AND CLUTTER ENERGIES FOR TARGET I
0110 35 CALL SIGNAL(IRC(11),RC(12))
0111 CALL NOISE(IRC(13),RC(14))
0112 TCRSS = TARCS

C DETERMINE TARGET DETECTIONS IN MODE J
0113 NRFF = RC(15)
0114 NCONZ = RC(18)
0115 CALL MWDET(RC(12),RC(13),RC(14), IMODE(Jl),RC(16)hRC(17),NREF,

1 RC(19),INTARGRC(4),NCONZ, ACONZRC(20),RC(21),RC(22),
2 SNTRUE)

0116 IF (ANSI.NE.2) GO TO 65
0117 BHDEG=TRGPOS(I,5)*RADIAN
0118 BVDEG = TRGPOS(Ib)*RADIAN
0119 DBE=CONV*ALOG(RC(12))
0120 DBN=CONV*ALOG(RC(14))
0121 SN=DBE-DRN
0122 TRGP = TRGPOS(I,4)*6.0802
0123 AMBNDB CONV*AL9G(AMAXI(AMBNl.OE-74))
0124 XJAMDB = CONV*ALOG(AMAXl(XJAMN,1.0E-74))
0125 SCDB = CONV*ALOG(AMAXl(SIGC,1.OE-74))
0126 SFAC4=CONV*ALOG(AMAXI(FAC4,1.OE-74))
0127 SNTRUE = 10.*ALOGIU(SNTRUE)
0128 PRINT iDIJTIME(I),TRGPBHDEGBVDEGTCRSSSFAC4,DBEAMBNDB

I ,SCDBXJAMD8,SNSNTRUEMER(I)
0129 KNUM = NDET(I)
0130 IF (KNIJ4.EQ.O) GO TO 65
0131 DO 61 K=I,KNUM
0132 RPRP = RANGE(lCK)*6.0802
0133 AAAA = AZ(IK)*RADIAN
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IF( MER(I).NE.0 ) AAAA = .5*(AZ(I,2*K) + AZ(1,2*K-I))*RADIAN
SSSS = SNDET(I,K)
SSSS = 20.*ALOG10(SSSS)
PRINT 55,RRRRAAAA,SSSS

5S FORMAT(5X,'*DETECTION*',4XF12.2,F1O.2.19X,F1O.0)
61 CONTINJUE
65 CONTINUE
70 CONTINUE

MERGE DETECTIONS FOR THIS MODE
CALL MFRDET(RC(19),NTARGACONZ)
CALCULATE ROLL AND PITCH
CALL STA82

SET UP DETECTIONS FOR OUTPUT
DO 74 I = 1,NTARG
NCT = NDET(I)
IF(NCT .EQ. 0) GO TO 74
BUF(3) = BUF(3) + NCT
DO 73 K = 1,NCT
ICNT = ICNT+l
BUFA(1,ICNT) = I
BUFA(2,ICNT) = RANGE(I,K)
BUFA(3,ICNT) = AZ(IK)
BUFA(4,ICNT) = ELEV(I,K)
BUFA(5,ICNT) = TIME(I)
BUFA(6,ICNT) = SNDET(IK)
BUFA(6,ICNT)=20.*ALOGlO(BUFA(6,ICNT))
BUFA(7,ICNT) = ROLL(I)
BUFA(8,1CNT) = PITCH(I)

73 CONTINUE
74 CMNTINUE
75 CINTINUE

CLUTTER OUTPUT
CALL FXCLT2
CALL VRCLT2

FIR TRACKING

SCAN OUTPUT
BUF(1) = ISC
BUF(2) = T*3600.
BUFM3) = BUF(3) + IV
BUF(4) = 2000+ITITLE(I)
BUF(5) = SHIP(5)
HUF(h) = NTARG
WRITE (TOUT) (BUF(I),1=1,6)
IF(ANS1.EQ.0) GO TO 220
IF( BUF(3).EQ.0 ) GO TO 220
PRINT 56, (BUF(1),1=1,6)

56 FORMAT(lHU/' SCAN NUMBER=',F5.0,' TIME=,PF9.29' NO. DETECTI
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ONS=wF5.0, RADAR ID=',F6.0,' HEADING=',F7.2, NO. TARGE
2TS=-,F4.0/)
PRINT 58

58 FflRMAT(lCX,'ID',6X,'RANGE'5XX'AZIM',6X,'ELEV',6Xt'TIME'96X,'ESIG'
196X, ROLL ,5X, PlTCH)

220 CONTINUE
Df 250 1 = lNTARG
BUFB(lI,) = I
BUFB(2,1) = TRGPIS(14)
BUFBC3,I) TRGPOS(I,5)
BUFB(4,I) = TRGPMS(I,6)
BUFB(5,I) = TIME(I)

250 CONTINUE
IF(IV.EQ.0) GO TO 270
00 260 I = 1,IV
ICNT = ICNT+1
BUFAC1,ICNT) = 200
IF(I.LE.IC)

IBUFA(191CNT) = 100 + NC(I)
BUFA(2,ICNT) = ROUT(I)
BUFA(3,ICNT) = AZOUT(I)
BUFA(4,ICNT) ELOUT(I)
BUFA(5,ICNT) = TOUT(I)
BUFA(69ICNT) SflUT(I)
BUFA(6,ICNT)=20.*ALOG1O(BUFA(6,ICNT))
BUFA(7,ICNT) = RLOUT(I)
BUFA(hICNT) = PTOUT(I)

260 CONTINUE
270 CONTINUE

DO 275 J = 1,NTARG
WRITE (IOUT) (BUFB(IJ),1=1,5)

275 CONTINUE
IF(ICNT.EC.0) GO TO 290
DO 277 J = 1,ICNT
WRITE(IfUT) (BUFA(IJ)I = 1,8)

277 CONTINUE
IF(ANSI.EC.0) GO TO 290
DO 280 J = 1,ICNT
PRINT 579(BUFACIJ),I = 1,8)

57 FORMATU DETECTION NUM ',F5.0,7F10.4)
280 CONTINUE
290 CONTINUE

NEW SCAN
T -T + RMODE(1,5)
IF(T .G6. ENDTIM) GO TOY 110
r, PI 20

80 CONTINUE
IF (ISTEP.LE.4000) GO TO 20
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0218 110 ISTEP=ISTEP-1
0219 301 CINTINUE
0220 XJAMN=O.

C READ IN RECYCLE CONTROL PARAMETER
C IANS=1(SHIP),=2(TARGET),=3(ENVIRINMENT),=4(FINISHED)

0221 READ 52, TANS
0222 G1 TO (5,10,11,140),IANS
0223 140 CONTINUE
0224 130 CfNTINUE
0225 40 FORMAT (C/,7X,'MflD8E,4ZX,-SIGMA/,/9' TARGET',9X,'TIME RANGE

1,6X,'A7IM ELEV FACTOR ESIG NAMB NCLT NJAM
2 E/N MER ')

0226 50 FRORMAT(IX,2I4,FI1.lF12.2,FI0.2,F10.2,F5.1,F5.OF9.0,3F8.0,F9.2
1,F7.2,15)

0227 60 FORMAT (lX,I4/(lX,5(F7.1,F7.5)))
0228 END
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0001 SUBROUTINE FXCLT2
0002 COMMON NSCANNEXT ,NUMTGT ,TOLDTENOTIM oSMODE(30,20)

1 ,'IPIOVR2 ,TWOPIRADIANTAU(30),DSTARDWiL(30)
2 ,XYZI(204),XYZF(204),TRGPOS(2097),SIGJAM(20)
3 PSIGTAR(2093),FHV(20),SIGMAHISWITTEMPWR
4 ,SHIP(9),RC(30),RMODE(30,12),IMODE(30,2)

0003 COMMON /FCIN/ NPROBRSRFTHSTHFSIGASIGRISET
0004 COMMON /FCPT/ R(IOO),AZ(100),RAN(400),N2.N3.N4
0005 COMMIN /CLTOUT/ ROlITC201),AZOUT(201),ELOUT(201),TOUT(201),

1 RLOUT(201),PTOUT(201),50UT(201),NC(100),ICIV
0006 COMMON /STABIN/ RMAXPMAXRFACPFACPHASE(2)

C
0007 IC=O
0008 IF (N.EQ.0) Gf TO 15

C TIMZB IS THE TIME OF THE ZERO BEARING CROSSING
0009 TIMZR=T*3600.

C TIMSCN IS THE SCAN TIME OF THE RADAR
0010 TIMSCN=RMIDE(195)*3600.

C RES IS THE RANGE GATE SIZE
0011 RES=RC(19)
0012 CALL SETVR(ISET)
0013 CALL VRANF(RANN4)
0014 ISET = 2147483647.*RAN(C)
0015 ISET = 2*(ISET/2) + 1
0016 DO 20 I=1,N
0017 IF (RAN(I).GT.PROB) GO TO 20
0018 IC=IC+1
0019 NC(IC)=I
0020 TH=RAN(I+N)*TWOPI
0021 RAY=SQRT(-Z.*ALOG(RAN(I+N2)))
0022 K=(R(I)+SIGR*RAY*COS(TH))/RES
0023 ROUT(IC)=(K+0.5)*RES
0024 TOUT(IC)=TIMZB+TIMSCN*AZ(I)/TWOPI

C
C GENERATION OF ROLL AND PITCH
C

0025 RLflUT(IC)=RMAX*SIN(TOUT(IC)*RFAC+PHASE(1))
0026 PTOUT(IC)=PMAX*SIN(TOUT(IC)*PFAC+PHASE(2))
0027 CR=COS(RLOUT(IC))
0028 SR=SIN(RLOUT(IC))
0029 CP=COS(PTOUT(IC))
0030 SP=SIN(PTOUT(IC))
0031 AA=AZ(I)-SH1P(5)
0032 TE=O.
0033 X=SIN(AA)*CR+(COS(AA)*SP+TE*CP)*SR
0036 Y=CIS(AA)*CP-TE*SP
0035 A=ATAN2(XY)+TWflPI

C
C GENERATION OF MEASURED ANGLES
C
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0036 AM =A+SIGA*RAY*SIN(TH)+SHIP(5)
0037 ELOUTCIC)=0.0
0038 AZlUT(IC)=AMODCAM9TWOPI)

C ******t** NEED TO GENERATE OUTPUT POWER ************t
0039 SOUT(IC)=55.55
0040 20 CONTINUE
0041 RETURN

C
C INITIALIZATION OF THE CLUTTER ROUTINE
C

0042 ENTRY FCINIT
0043 READ 50,ISET,N,PRo8,RSRFSIGRTHSTHFSIGA
0044 50 FORMAT (218,7F8.2)

C
C ISET IS TNE INITIALIZATION NUMBER FOR THE RANDOM NUMBER GENERATOR
C N IS THE NUMBER OF FIXED CLUTTER POINTS
C PROB IS THE PBOBABILITY THAT THE CLUTTER POINT IS DETECTED
C RS IS THE INITIAL RANGE OF THE CLUTTER AREA
C RF IS THE FINAL RANGE OF THE CLUTTER AREA
C SIGR IS THE STANDARD DEVIATION OF THE RANGE MEASUREMENT
C AS A PERCENTAGE OF RANGE RESOLUTION CELL SIZE
C THS IS THE INITIAL AZIMUTH OF THE CLUTTER AREA
C THF IS THE FINAL AZIMUTH OF THE CLUTTER AREA
C SIGA IS THE STANDARD DEVIATION OF THE AZIMUTH MEASUREMENT
C AS A PERCENTAGE OF HORIZONTAL 3DB BEAMWIDTH
C

0045 PRINT 55,ISET,N,PROB,RS,RF,SIGR,THS,THFSIGA
0046 55 FORMAT (lH0, FIXED CLUTTER ,218.7F8.3)
0047 CALL SETVR(ISET)

C
C CALCULATION OF RANGE CELL DIMENSION
C

0048 RES=TAUC1)*300000./2.
0049 RES=RES*3.2808/6.08

C RC(l9) = RES = RANGE RESOLUTION CELL SIZE
0050 RC(19)=RES
0051 IF (N.EQ.0) GO TO 15
0052 RS=RS/6.0802
0053 RF=RF/6.0802
0054 THS=THS/RADIAN
0055 THF=IHF/RADIAN
00F6 SIGA=SIGA*RCC4)
0057 SIGR=SIGR*RES
0058 IF (N.GT.103) N=100
0059 N2=2*N
0060 N3=3*N
0061 N4=4*N
0062 CALL VRANF(RANN2)
0063 ISET = 2147483647.*RAN(1)
0064 ISET = 2*(ISET/2) + I
0065 Dfl 10 I=l,N
0066 R(l)=RS+(RF-RS)*RAN(I)
0067 10 AZ(I)=THS+(THF-THS)*RAN(I4N)
0068 15 RETURN
0069 END
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o0 001 SURRP!L)TINE INITAL 
00o02 DTMENSTON AMMONE3002)
000l CjMMN N$CAN,NEXT,NUmTGT,T,lLDT,ENDTIM ,SMMDE(30,20)

I ,PI,PIM~VRP ,TIIPIRAI0IANTAU(30) ,DSTARU0DlL (30)

2 *XYZI (2p4,),XYZF(20,4~),TRGP~S(20,7),SIGJAM(20)
3 ,SIGT&RC2O,3),FHV(20) ,SIGMAHISHITTEMPHmR

, SHIPCq) ,PC(30) ,RMODE(30, 12),!M6DE(30,2)
C004 ~C~MMMMN/B/ ENVIP(10)#SU4C (30) ,RE,CNM ,CCMACON,BETAp

0005 cMM4MN/I/ PB8S,HeK,THFTPK,DPDRWdN,THH,THV,GN
0006 RC(10)u290.0*1 .3A*10.0**(-23)

C X Y Z SHIP C~eP0INATES
0007 READ 50, (SHIP(I),I21,3), SHIP(5)
0008 so FPM~RAT(9Ffk.,I2,F6.2)
0009 PRINT 500, (SHIP(I)VIX1,3), SHIP(s)
0010 500 FRRMAT(/,l SHIP XY,Z, C~ePDINATFS ARE ',3F8.3,8X,lHEAflIJG IS',

0011 m~IIMNsl*0E+b
0012 DM9 3(, 121,3
0013 30 SHIP(1):SHIP(I)/6.0802
0014 PIz3.141592653b
0015 TwMPI.PI*2.0
0016 PIlVR2 mPI,'2.0
0017 PAOITANa57.29578
0018 SHIP (4)uS'JRT (SHIP(3))
0019 SHIP(5) x SHIP(S2)/RADIAN
0020 READ 5op(RC(I),IxI,9),NSCAN,POLRZ
0021 IF(NSCAN.LE. 30) Gr TM 10
0U22 NSCAIN a 30
00?3 10 CMNTIN!'E
0020 PRINT '01. (PC(I),I:1 ,9),NSCANPeLRZ
0025 501 FnRMAt(/v 11 PASIC RADAR PARAMETERS ARE '#9F8.2,I4,F6.2)
0026 RC(a).PC(4)/RALDIAN
0027 PC(5)XPC(5)/PADIAN

0 2 A THHuPC(4)
(0029 THVzRC(S)
0(30 kC(6):1 0.**(RC(6)/ln.)
0 ( 31 rNXPC(b)
0032 RC(3)=10.**('C (3)/10,)
0033 RC (7)21 0.**(-PC (7)/20.)

0030 PC (g):1o.**(-RC (q)110.)

10 36 DROMN x RC(7)*RC(7)
0037 De 60 J z WISCAN

C P-RDE(1,93) IS USEl) AS RADAR SCAN RATE FPR ALL MODES
0038 READ 51, (PM~lflE(J,I),IC¶,8),AmOD)E(J,1),PmeDE(J,11),SUPC(J)

* ,MODE(J, 12),DWL(J) ,SM,SMMDE(J,2)
0030 5 FMQMAT(10FP.2)
o0040 ImftDE(J.1)mA"

M 0E(J,1)
0(p141 PRINT 521,J, (Rm0 D(J,1 ),Ix1,e),IMIDE(J,1),RMMOE(J,11),SURCCJ)
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* FRMODECJ.12),DWL(J),SMSMODE(J,2)
0042 Sll FORMAT(/,0 16 MODE '#l2,' PARAMETERS ARE 1,8F9.3,I8,,,50Xp6F9.3)
0043 IF CRPMDE(JtS).GT.0.0) GO TO 55
0044 RmODF(J,5)xto.0
0045 55 PMODE(J,1)mRMODE(J,1)/RADIAN
0046 RMMDF(J#2)xRMMDE(J.2)/RADIAN
0047 IF(SM.F0.0)SmmRMODECJ,4)
0048 S'ODE(Jvt)w150.*5M/XNMTeM
0049 SMODECJ,?2) a ]**C.SMODE(J,2)/10.)
o0SO RMODE(JS)mRMMDE(J,5)/ 3 600.o
ooSI RMODE(J,6)xRMODECJ.6)/3600.0
0052 RMODE(J,4)vRMO)E(Jp4)/mILION
ooS3 RmeECEJS)lI0.**C.RMODECJe)/tO.)
0054 RMODE(J.3)mRmeDEWJ,3)*MILION
OO55 TAUMJ) a RMODE(J,1W)#mILIeN
0056 IF(RMODE(J121,.LE.0) RMODECJ,12) * 1.o/RMODECJ.11)
0057 RMODECJ,12) a RmODE(J.123*MILION
0058 IMODE(J,2)MmAXICRMODECJ,1?)*RMODECJ, 1)YMILIeN +0.5.1.0)
oOS9 RMODE(J,11) a 10.**(*PMF)
0060 SUPCtJ) 10o.**C-SUBCCJ)/1o.)
0061 60 CONTINUE

C
C READ IN PARAMETERS FOR MOVING WINDOw DETECTOR
C RCutS) a NREF a NO, REFERENCE CELLS ON EACH SIDE OF TARGET CELL
C RC(16) a COR a CLUTTER CORRELATION COEFFICIENT
C RC(17) * FSIG a NO. 5TANDARD DEVIATIONS USED IN THRESHOLD
C PC(18) a NCeNZ a NO, OF DETECTIONS THAT CAN BE MISSED AND
C DETECTIONS STILL MERGED INTO A SINGLE DETECTION
C RQ(t9) a RESOLUTION CELL SIZE (CALCULATED)
C PC(20) a XLOG a VIDEO TYPE
C 0 LINEAR VIDEO
C I LOG VIDEO
C RC(21) a THRSH * NO, OF REFERENCE CELLS USED
C ° ALL CELLS USED
C 0 O SMALLER HALF USED
C > 0 LARGER HALF USED
C RCC22) a PARM a PARAMETERS USED TO CALCULATE THRESHOLD
C I MEAN USED
C 2 MEAN AND VARIANCE USED
C

0062 READ 70, CRC(I),1215*18). (RCCI),IX20D22)
0063 70 FORMAT(IoFS.2)
0064 PRINT 700, (RC(I),Ix15.18), (RC(I),1=20,22)
006S 700 FORMAT(tHo,' ADDITIONAL RADAR PARAMETERS ARE 1,7F9,3/)
0066 RETUPN
0067 END
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SUBROUTINE MIERDET (RESoNsACONZ)
COMMON /DET/ NOETC2O),VMER(20),RANGE(209 3),!47(20,6),SNflFT(?,)~-Y'

1 ~~~ELEV(209359TIME(20)
DIMENSION KTARC60),KOET(60)sKTRRC60)sKDTT(60)

RES IS THE RANGE RESOLUTION
N IS THE NUMBER OF TARGETS
ACONZ IS THE ANGLE IN WHICH TARGETS ARE MERGED

K=O
0Df 30 I=1,N
IF (MER(I).NE.-1) GO Tf 30

C HAVE A MERGE PLOBLEM AND AM ORDERING DETECTIONS IN AZIMUTH
II=NDETCI)
IF (Il.E2.0) GO TO 30
00 25 J=1,II
IF (K.GT.0) GO TO 10
K=1
KTAR(I )=I
KDET(1)=J
GO TO 20

10 A=AZ(I,2*J-1)
DO 15 KK=1,K
IF (A.GT.AZ(KTAR(KK)t2*KDET(KK)-1)) GO TO 15
KC=0
DO 12 JJ=KKK
KC=KC+I
KTAR(K+Z-KC)=KTAR(K+1-KC)
KDET(K+2-KC)=KDET(K+1-KC)

12 CONTINUE
KTAR(KK)=I
KDET(KK)=J
GO TO 18

15 CONTINUE
KTAR(K+1)=l
KDET(K+1)=J

18 K=K+I
20 CONTINUE
25 CONTINUE
30 CONTINUE

IF (K.GT.I) GO TO 40
IF (K.EQ.0) GO TO 35
I=KTAR(1)
AZ(I,1)=(AZ(I,2)+AZ(I,1))/2.

35 RETURN
40 CONTINUE

DECISION MADE QN THE PROPER DETECTIONS

KK=1
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0041 KC=0
0042 DO 100 JJ=2,K
0043 I=KTAR(JJ)
0044 J=KDET(JJ)
0045 DO 60 L=1,KK
0046 IF CABS(RANGFCIJ)-RANGE(KTAR(L),KDET(L))).GT.1.5*RES) GO TO 60
0047 IF CAZ(KTAR(L),2*KDET(L))+ACONZ.LT.AZ(I,2*J)) GO TO 60
0048 GO TO 80
0049 60 CONTINUE
0050 IF (KC.EQ.0) GO TO 75
0051 DO 70 L=lKC
0052 IF (ABS(RANGE(IJ)-RANGE(KTRR(L),KDTT(L))).GT.1.5*RES) GO TO 70
0053 IF (AZ(KTRR(L),2*KDTT(L)) .LT.AZ(I,2*J)) GO TO 70
0054 GO TO 80
0055 70 CONTINUE
0056 75 KK=KK+1
0057 KTAR(KK)=KTAR(JJ)
0058 KDFT(KK)=KDET(JJ)
0059 GO TO 100
0060 80 KC=KC+l
0061 KTRR(KC)=KTAR(JJ)
0062 KDTT(KC)=KDET(JJ)
0063 100 CONTINUE

C
C CORRECTION OF OUTPUT ARRAYS
C

0064 DO 110 1=1,N
0065 IF (MER(I).EQ.-1) NDET(I)=0
0066 110 CONTINUE
0067 DO 150 K=1,KK
0068 I=KTAR(K)
0069 J=KDEr(K)
0070 Il=NDET(I)+l
0071 NDET(I)=II
0072 RANGE(III)=RANGE(I,J)
0073 SNDET(I,II)=SNDET(I,J)
0074 AZ(III)=(A7(1,2*J)+AZ(1,2*J-1))12.
0075 150 CONTINUE
0076 RETURN
0077 END
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0001 SUBROUTINE MWDET (S,CFNN3DB,COR,FSIGNREFRES,NTAR.N,TH3DB,
1 NCONZACONZXLOGTHRSHPARMSNTRUE)

0002 COMMON /DET/ NDET(20).MER(20),RANGE(20,3),AZ(20,6),SNDET(20,3),
1 ELEV(20,3),TIME(20)

0003 COMMON NSCANNEXTNUMTGT,T,OLDTENDTIM ,SMODE(30,20)
I ,PIPIOVR2 ,TWOPIRADIANTAU(30),DSTARDWL(30)
2 ,XYZI(2O,4),XYZF(20,4),TRGPOS(20,7),SIGJAM(20)
3 ,SIGTAR(20,3),FHV(20),SIGMAHISWITTEMPWR
4 ,SHIP(9).RC(30),RMODE(30,12).IMODE(30,2)

0004 COMMON /MODI MODEL(20)
0005 3IMENSION FLUCT(401)
0006 DIMENSION SNREF(20),INF(20)
0007 DIMENSION X(401,?5),SS(401,25),SUM(25),IS(25),R(1204),10(3)
0008 DIMENSION D(14),1C(14),XFIRST(14),XLAST(14),IDET(14),SN(14)

C
C S IS THE SIGNAL POWER
C C IS THE CLUTTER POWER
C FN IS THE NOISE POWER
C N3DB IS THE NUMBER OF PULSES BETWEEN THE 3-DB ANTENNA POINTS
C COR IS THE CORRELATION COEFFICIENT OF CLUTTER
C FSIG NUMBER (IF STANDARD DEVIATIONS USED IN CALCULATION OF THE TH
C NREF IS THE NUMBER OF REFERENCE CELLS ON EACH SIDE
C RES IS THE RANGE RESOLUTION CELL SIZE
C NTAR IS THE TARGET OF INTEREST
C N IS THE NUMBER OF TARGETS
C TH3DB IS THE ANTFNNA 3-DB BEAMWIDTH
C NCONZ NUMBER OF DETECTION THAT CAN BE MISSED AND DETECTIONS STILL
C MERGED INTO A SINGLE DETECTION
C ACONZ IS THE MERGE DISTANCE(NCONZ) IN ANGLE
C XLOG DENOTES WHETHER LINEAR(XLOG=0.0) OR LOG(XLOG=1.0) VIDEO IS USED
C THRSH DENOTES WHETHER ALL THE REFERENCE CELLS(THRSP=0.0) , THE
C SMALLER HALF(THRSH<0), OR THE LARGER HALF(THRSH>O) SHOULD BE USED
C PARM DENOTES WHETHER THE MEAN AND VARIANCE(PARM=2.) OR JUST THE
C MEAN(PARM=1.) SHOULD BE USED TO CALCULATE THE THRESHOLD
C SNTRUE RETURNS TRUE SIGNAL/NOISE RATIO USED
C

0009 IF (N3DB.LE. 99.AND.NREF.LE.10) GO TO 3
0010 PRINT 50
0011 50 FORMAT (IHI, EITHER N3DB OR NREF ARE TOO LARGE-)
0012 STOP
0013 3 IF (ABS(COR).LT.1.0) GO TO 4
0014 PRINT 51
0015 51 FORMAT (lHl,' CORRELATION COEFFICIENT IS GREATER OR EQUAL TO 1)
0016 STOP
0017 4 CONTINUE

C
C TEST TM SEE IF THERE IS ANY CHANCE OF A TARGET DETECTION
C

0018 SNINT=N39B*S/CC4FN)
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0019 IF (SNINT.GT.2) GO Te 5
0020 NDETCNTAR)=0
0021 SNTRUE = 10.**(-9.9)
0022 RETURN
0023 S SNREF(I)=S
0024 INFC1)=NTAR
0025 NRFF2=2*NREF
0026 CALL RES8L(NREFRESNTARSNREFINFNITH3DBN)
0027 CALL VRANF(Rl)
0028 DEL=TH3DB/(N3DB+1)
0029 ACINZ=DEL*NCONZ
0030 AZIM=TRGPOS(NTAR,5)+(R(1)-.5)*DEL
0031 AZIMS=AZIM-201.*DEL
0032 KRS=TRGPtS(NTAR,4)/RES
0033 RS=RES*KRS-13.*RES

C
C ..... ++++++ ............. ++++++++++++++

C
C GENFRATI8N 9F SIGNAL VALUES
C

C
C

0034 NS=201-2*N3DB-2
0035 NF=201+2*N3DB
0036 NRS=13-NREF-2
0037 NRF=13+NREF+2
0038 D0 7 I=NRSNRF
0039 IS(I)=0
0040 DO 7 J=NSNF
0041 7 SSCJ,I)=0.
004? IMERGE=0
0043 90 40 Y=1,NI
0044 RR=TRGPOS(INF(K)t4)
0045 KR=(RR-RS)/RES
0046 IF (K.EQ.1-.R.KR.GT.16.8R.KR.LT.10) GtS T1 8
0047 IMERGE=1

C
C FLUCTUATING SIGNAL
C

0048 8 NSW=MDDEL(INF(K))
0049 IF (NSW.GT.0) GO TO 11
ons50 FL=1.0
0051 9 DO 10 J=NSNF
0052 10 FLIJCT(J)=FL
0053 GO II 171
0054 11 GO TJ (12,13,15,16),NSW
0055 12 CALL VRANF (Rl)
0056 FL =-ALIG(R(1))
0057 GO TO 9
0058 13 M=NF+I-NS
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0059 CALL VRANF (RM)
006') KK=0
0061 Ut' 14 J=NSNF
0062 KK=KK+1
0063 14 FLUCT(J)=-ALOG(RCKK))
0064 Gi TO 171
0065 15 CALL VRANF (R,2)
0066 FL=-.5*(ALCG(R(I))+ALOG(R(2)))
0067 GO TO 9
0068 1 M=NF+1-NS
0069 M2=2*M
0070 CALL VRANF (R,M2)
0071 KK=0
0072 DO 17 J=NSNF
0073 KK=KK+l
0074 17 FLUCT(J)--.5*(ALCGCR(KK))+ALOG(R(KK+M)))
0075 171 CONTINUE
0076 DO 35 1=1,3
0077 KT=KR+I-2
0078 IF CKT.LT.NRS.MR.KT.GT.NRF) GO TO 35
0079 IS(KT)=1

C
C MODULATION OF SIN(X)/X PULSE SHAPE
C

0080 RTEMP = KT*RES+RES/2.+RS
0081 FOIF=2.7832*(RR-RTEMP)/RFS
0082 F=1.
0083 IF (FDIF.EQ.0) GO TO 18
0084 F=SIN(FDIF)/FDIF
0085 18 F=F*F
0086 SM=F*SNREFC K )/(C+FN)

C
0087 AA=TRGPOS(INF(K),5)
0088 NC=(AA-AZIM)/DEL+201
0089 NRED=MAXO(lN3DB/10)
0090 IF (I.EQ.2) NREO=0
0091 NNS=MAX0(NSNC-N3D8+NRED)
0092 NNF=MIND(NFNC+N3DB-NRED)

C
C MOnULATION OF SIN(X)/X ANTENNA PATTERN

0093 00 20 J=NNSNNF
0094 GDEF=2.7832*(JkDFL+AZIMS-AA)/TH3D8
0095 G=1.
0096 IF (GDIF.EQ.0) GO TO 19
0097 G=SIN(GDlF)/GOIF
0098 19 G=G**4

C
C *** NOTE , TARGETS ARE ADDED NONCOHERENTLY ********
C
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0099 SS(JKT)=SS(JKT)+SM*G*FLUCT(J)
0100 20 CONTINUE
0101 35 CJNTINUE
0102 40 CJNTINUE
0103 SNTRUE = 0.
0104 NSS = 201 - (N3DB-1)/2
0105 NSF = 201 + N3OB/2
0106 De 402 J = NSS,NSF
0107 402 SNTRUE = SNTRUF t SS(J,13)/N3DB
0108 D0 41 I=NRS,NRF
0109 IF (IS(I).EQ.0) GO TO 41
0110 41 CINTINUE

C
C ++..+++...4++++44++4+............44+....44+44++44 444.+...+.4....

C GENERATIIN OF NIISE SAMPLES
C
C +..+.4.44+. +4+4. +.44++4+++.+.. +.4.+.++.4....+++++44444......+.+.+++.+

C
0111 M=NF+1-NS
0112 M2=?*M
0113 M3=3*M
0114 I4=4*M
0115 IF CN3DB*C .GT.FN) GO TO 100

C
C CLUTTER IS NOT A FACTOR
C

0116 00 90 T=NRS,NRF
0117 IF (IS(I).EQ.I) GO TO 75

C
C NO SIGNAL PRESENT IN THIS CELL
C

OllP CALL VRANF (R,M)
0119 K=0
0120 D0 60 J=NS,NF
0121 K=K+1
0122 X(JI)=SQRT(-2.*ALOG(R(K)))
0123 60 CONTINUE
0124 GO TY 91J

C
C SIGNAL PRESENT IN THIS CELL
C

0125 75 CALL VRANF (R,M2)
0126 K=0
0127 DO 80 J=NS,NF
0128 K=K+1
0129 A=SQRT(-2.*ALOG(R(K)))
0130 B=T4rPI*R(K+M)
0131 X(JI)=SfiRT((A*COS(B)+SQRT(SS(J,1))*1.414)**2+ (A*SIN(B))*2)
0132 R0 CONTINUE
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90 CONTINUE
GO T! 200

C
C CLUTTER IS A FACTOR
C

100 AOLDX=SQRT(C/(C+FN))
CC=AOLnX
FFN=SQRT(FN/(C+FN))
P=S.JRT(l.-CCR*COR)
DO 150 I=NRSNRF
CALL VRANF (R,2)
AOLDY= CC*SIN(TWOPI*R(1))*SQRT(-Z.*ALOG(R(2)))
At¶LDX= CC*COS(TWCPI*R(l))*SQRT(-2.*ALOGCR(2)))
CALL VRANF (RM4)
K =O
DO 120 J=NSNF
K=K+1
A =SQRT(-2.*AtOG(R(K)))*CC
Al=SQRT(-2.*ALOLG(R(K+M)))*FFN
B =TWCPI*R(K+M2)
61=TWOPI*R(K+M3)
A OLDX=COR*AULDX+P*A *CCS(B)
AoLDY=COR*AOLDY+P*A*SIN(B)X(JI)=SQRT((AOlLDX+Al*COlS(B1)+SQRT(SS(JI))*1.414)**2 +
1 (AOLDY+A1*SIN(Bl))**2)

120 CON r INIE
150 CONTINUE

C
C .++...4++{++.++.+.++.++.+++ 4.++ ..++ .+++4+++..4+4444 .+ ++ ++++

GENERATION OF MOVING WINDOW

+++..+++4+...4...+4..++++++.+4.+.+............+++4.. 444+4+4+4.++++++

C
C
C
C
C

0156 200 MS=NS+N3DB-1
0157 IF (XLOG.LT.O.0001) GO TO 210

USE LOG VIDEO

DO 205 J=NSNF
nO 205 I=NRS,NRF

20!E XCJ, T)=ALOGCXCJT))
210 COCN T INUE

DI 241 I=NRSsNiRF
241 CON4T I NUE

DO 220 I=NRS,NRF
SUMi)=0.
DO 220 J=NS,MS

2 2') SUM (I) = MC1) r + X CJ I
M S=MS + 

145

0133
0134

0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153

0154
0155

C
C
C

0158
01 59
0160
0161
0162
0163
0164
0165
0166
0167
0168



DAVIS AND TRUNK

0169 1I=0
0170 DO 285 J=MSgNF
0171 DO 225 I=NRS,NRF
0172 225 SUM(I)=SUN(1).X(JtI)-X(J-N3DBI)

C
C GENERATION OF THE DETECTION THRESHOLDS
C

0173 0O 250 1=12,14
0174 ULOW=0.
0175 UUP=0.0
0176 XMSLO1W=0.0
0177 XMSUP=0.0
0178 DO 230 I=1,NREF
0179 ULOW=ULOW+SUM(L-1-1)
0180 UUP=UUP+SUM(L+I+1)
0181 XMSLOW=XMSLOW+SUM(L-I-1)**2
0182 231 XMSUP=XMSUP+SUM(L+1+1)**2
0183 IF (THRSH.NE.0.0) GJ TO 235

C
C USE ALL REFERENCE CELLS
C

0184 U=ULOW+UUP
0185 XMS=XMSLOW+XMSUP
0186 D(L)=U/NREF2+FSIG*SQRT(XMS/NREF2-(U/NREF2)**2)
0187 IF (PARM.GT.1.5) GO TO 250
0188 D(L)=FSIG*UINREF2
0189 lF (XLOG.LT.0.0001) GO TO 250
0190 D(L)=FSIG4U/NREF2
0191 GO TO 250

C
C USE EITHER MIN(THRSH<0) OR MAX(THRSH>0) REFERENCE CELLS
C

0192 235 IF (THRSH.LT.0.0.AND.ULOW.LT.UUP) GO TO 240
0193 IF (THRSH.LT.0.0.AND.ULOW.GE.UUP) GO TO 245
0194 IF (THRSH.GT.0.0.AND.ULOW.LT.UUP) GO TO 245
0195 IF (THRSH.GT.0.0.AN0.ULOW.GE.UUP) GO TO 240
0196 240 U=ULMW
0197 XMS=XMSLOIW
0198 GO TO 248
019Q 245 U=UUP
0200 XMS=XMSUP
0201 248 D(L)=U/NREF+FSIG*SCRT(XMS/NREF-(U/NREF)**2)
0202 IF (PARM *GT.1.5) GO TO 250
0203 D(L)=FSIG*U/NREF
0204 IF (XLOG.LT.0.0001) GO TO 250
0205 D(L)=FSIG+U/NRFF
0206 250 CONTINUE
0207 IF (J.GT.MS) GO TO 249
0208 249 CONTINUE

C
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C DO LOOP FOR DETECTION AND GENERATION OF CENTER PULSES
C

0209 DO 280 1=12,14
0210 IF (J.GT.MS) GM TO 255
0211 IDETCI)=1
0212 IC(I)=O
0213 IF (SUM(I).LT.DCI)) GO TO 280
0214 IDET(I)=3
0215 IC(I)=NCONZ
0216 GO TO 280
0217 255 K=IDET(I)
0218 GO TO (260,270,275,280),K

C
C CHECK FOR INITIAL DETECTION
C

0219 260 IF (SUM(I).LT.D(I)) GO TO 280
0220 11=11+1
0221 ID(II)=I
0222 XFIRST(C)=J
0223 XLAST(I)=J
0224 SN(I)=SUM(I)
0225 IC(I)=NCONZ
0226 IDET(I)=2
0227 GO TO 280

C
C CHECK FOR FINAL DETECTION
C

0228 270 IF (SUM(I).LT.D(I)) GO TO 273
0229 XLAST(I)=J
0230 IC(I)=NCONZ
0231 IF (SUM(I).LT.SN(I)) GO TO 280
0232 SN(I)=SUM(I)
0233 GO TO 280

C
C CHFCK TO SEE IF DETECTION ENDED
C

0234 273 IC(I)=IC(1)-1
0235 IF (IC(I).EQ.0) IDET(I)=4
0236 GI TO 280

C
C CHECK TO SEE IF DETFCTION FROM ANOTHER TARGET ENDED
C

0237 275 IF (SUM(I).GE.OCI)) IC(I)=NCONZ+1
0238 IC(I)=IC(I)-1
0239 IF (IC(I).GT.0) GO TO 280
0240 IDET(I)=1
0241 280 CONTINJUE
0242 2P5 CONTINUE

C
C ......................................................
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C
C CHECK F3R DETECTIONS
C
C ...............................................................
C

IF CII.GT.0) Gn TO 300
NDET(NTAR)=O
MER(NTAR)=O
IF (IMERGF.EQ.1) MER(NTAR)=-2
RE TURN

c
C MERGING nF MULTIPLE THRESHOLD CROSSINGS
C
300 IF (IMERGE.EQ.1) GO TO 400

C
C NO MULTI TARGET RESOLUTION PROPLEMS
C

Gn TO (310,320,330), II
C ONLY I THRESHOLD CROSSING
310 NDET(NTAR)=II

MER(NTAR)=0
312 DO 315 1=1,II

RANGE(NTAR,I)=RS+(ID(I)+.S)*RES
SNDET(NTARI)=SN(IDtI))
IF (XLCG.GT.0.000I) SNDET(NTARI)=N3D8*EXP(SNDET(NTARI)/N3DB)
AZ(NTARI)=AZIMS+(XLAST(ID(I))+XFIRST(ID(I))-N30B)*DEL/2.

315 CONTINUE
RFTURN

C
C TWO CROSSINGS OF THE THRESHOLD
C
320 IF (IDET( 13).EQ.1.OR.IDET(13).EQ.3) GO TO 310

C
C THERE ARE TWO ADJACENT THRESHOLD CROSSINGS
C
325 IF (XLAST(ID(1))-NCONZ.LT.XLAST(ID(2))) GO TO 310

11=1
GO TO 310

C
C THERE ARE THREE ADJACENT THRESHOLD CROSSINGS
C
330 K=1

IF CIABS(IDCI)-ID(2)).EQ.2.OR.
1 XLAST(ID(l))+NCONZ.LT.XLAST(ID(2))) K=2
GO TO (340,350)9K

340 IF (IA8S(IDl()-ID(3)).EQ.2.AND.
1 XLAST(ID(2)) .LT.XLAST(ID(3))) GO TO 345

Il=l
GO TO 310

345 11=2
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0270 10(2)=IOC3)
0271 GOt TM 310
0272 350 IF (IABS(ID(1)-ID(3)).EQ.2.OR.

1 XLAST(ID(l))+NCONZ.LT.XLAST(ID(3))) GO TO 355
0273 11=2
0274 GO TO 310
0275 355 IF (IABS(ID(2)-ID(3)).EQ.2.OR.

1 XLAST(ID(2))+NCONZ.LT.XLAST(ID(3))) GO TO 310
0276 11=2
0277 GO TO 310

C
C +++. . .+.+++++ 4++++ .+++++.+.+++.+++++++++++.++++..++ .+++++++.++++.+.
C
C MERGING PROPLEM WITH ANOTHER TARGET ,PROBLEM SOLVED IN SUB. MERDET
C
C +++++++++.++.++++++++++++++++++++++++.++++++++++. .++.++++++.+.+++.
C

0278 400 NDET(NTAR)=Il
0279 MER(NTAR)=-1
0280 DO 415 1=1,1I
0281 RANGECNTARI)=RS+(ID(1)+.5)*RES
0282 SNDET(NTARI)=SN(IT)(I))
0283 IF (XLOG.GT.0.0001) SNDFT(NTARI)=N3DB*EXP(SNDET(NTARI)/N3DB)
0284 AZ(NTAR,2*I-1)=AZIMS+XFIRST(ID(C))*OEL-N3DB*DEL/2.
0285 AZ(NTAR,2*1 )=AZIMS+XLAST (ID(I))*DEL-N3DB*DEL/2.
0286 415 CONTINUE
0287 RETURN
0288 END

149



DAVIS AND TRUNK

0001 SUBROUTINE STAB2
0002 C MMIN/TM/NTARGNJAMSPEED(20) ,fHEADI(2O) ,HEADF(20) ,TMANI(20),

I TMANF(20),XMANI(20,3),XMANF(20,3),GTURN(20),TURN(20),
2 CM(20,2),RADM(20),ITYPE(20),ALT(20,5),TALT(20,5),NALT(20)

0003 CIMMON NSCANNEXTNUMTGTT,OLDTENDTIM ,SMODE(30,20)
1 ,PI,PICVR2 ,TWOPIRADIANTAU(30),DSTARDWL(30)
2 ,XYZI(20,4),XYZF(20,4),TRGPOS(20,7),SIGJAM(20)
3 ,SIGTAR(20,3),FHV(20),SIGMAH,ISWIT,TEMPWR
4 ,SHIP(4),RC(30),RMflDE(30,12),IMO(DE(30,2),RES

0004 COMMIN ZDETX NDET(20),MER(20),RANGE(20,3),AZ(20,6),SNDET(20,3),
1 ELEV(20,3),TIME(20)

0005 COMMON /STAB/ ROLL(20),PITCH(20)
0006 COMMON /STABIN/ RMAXPMAXRFACPFACPHASE(2)
0007 DC 30 I=1.NTARG
0008 IF (NDET(I).EQ.0) GO TO 30
0009 K=NDET(I)
0010 ROLL(I) =RMAX*SIN(TIME(I)*RFAC+PHASE(I))
0011 PITCH(I)=PMAX*SIN(TIME(I)*PFAC+PHASE(2))
0012 CR=COS(ROLL(I))
0013 SR=SIN(RCLL(I))
0014 CP=COS(PITCH(I))
0015 SP=SIN(PITCH(I))
0016 AA=TRGPOS(1,5)-SHIP(5)
0017 TE=TAN(TRGPGS(I,6))
001I8 X=SIN(AA)*CR+(CUS(AA)*SP+TE*CP)*SR
0019 Y=COS(AA)*CP-TE*SP
0020 A=ATAN2(X,Y)+TWOPI
0021 20 DO 25 J=1,K
0022 ATEMP=AZ(I,J)+A-AA
0023 25 AZ(IJ)-AMOD(ATEMPTWOPI)
0024 30 CONTINUE
0025 RETURN

C
C INITIALIZATION
C

0026 ENTRY STBINT
0027 RE1D 50,RMAXPMAXRPER,PPER
0028 50 FORMAT (4F8.2)
0029 PRINT 55,RMAXPMAXRPER,PPER
0030 55 FORMAT (lHO, ROLL AND PITCH ,4F8.2)
0031 RMAX=RMAX/RADIAN
0032 PMAX=PMAX/RADIAN
0033 RFAC=TWOPIZRPER
0034 PFAC=TWOPI/PPER
0035 CALL VRANF(PHASE,2)
0036 PHASE(1)=TWOPI*PHASE(l)
0037 PHASE(2)-TWOPI*PHASE(2)
0038 RETURN
0039 END
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0001 SURROUTINE VRCLT2
0002 COMMON NSCAN,NEXT,NUMTGT,TOLOTENDTIM ,SMODE(30,20)

1 $PI,PIOVR2 ,TWOPI,RADIANTAU(30),DSTARDWL(30)
2 ,XYZI(20,4),XYZF(20,4),TRGPOS(2O,7),SIGJAM(20)
3 ,SIGTAR(20,3),FHV(20),SIGMAH,ISWITTEMPWR rr
4 ,SHIP(9),RC(30)1 RMODE(30,12),IMODE(30,2)

0003 COMMON /VCIN/ NREGFN(S),RS(5),RF(5),THS(5),THF(5),ELS(5),ELF(5),
1 ISET

0004 COMMON /VCLT/ P12,RAN(305),FLAM(5)
0005 COMMON /CLTOUT/ ROUT(2O1),AZOLJT(201),ELOUT(201),TOUT(201),

i RLOUT(201),PTOUT(201),SOUT(201),NC(100),ICIV
0006 COMMON /STABINI RMAXPMAXRFACPFACPHASE(2)

C
0007 IV=IC
0008 IF (NREG.EQ.0) GO TO 95
0009 CALL SETVR(ISET)
0010 CALL VRANF(RAN,305)
0011 ISET = 2147483647.*RAN(305)
0012 ISET = 2*(ISET/2) + 1

C TIMZB IS THE TIME OF THE ZERO BEARING CROSSING
0013 TIMZB=T*3600.

C TIMSCN IS THE SCAN TIME OF THE RADAR
0014 TIMSCN=RMODE(1,5)*3600.

C RES IS THE RANGE GATE SIZE
0015 RES=RC(t9)
0016 IRAN=0
0017 DO 20 1=1,NREG
0018 IRAN=IRAN+I
0019 IF (IRAN.GT.302) G'1 TO 30
0020 A = THS(I)-FLAM(I)*ALOG(RAN(IRAN))
0021 15 IF (A.GT.THF(I)) GO TO 20
0022 IV=IV+1
0023 AZOUT(IV)=A
0024 K=(RS(I) + (RF(i)-RS(I))*RAN(IRAN+1))/RES
0025 ROUT(IV)=(K+0.5)*RES
0026 ELOUT(IV)=O.O
0027 TOUT(IV)=TIMZB+TIMSCN*A/TWOPI
0028 RLOUT(IV)=RMAX*SIN(TOUT(IV)*RFAC+PHASE(l))
0029 PTOUT(IV)=PMAX*SIN(TOUT(IV)*PFAC+PHASE(2))
0030 SOUT(IV)=33.33
0031 IRAN=IRAN43
0032 IF (IRAN.GT.302) GO TO 30
0033 A=A-FLAM(I)*ALMG(RAN(IRAN))
0034 GO TI 15
0035 20 CONTINUE
0036 30 RETURN

C
C INITIALIZATION
C

0037 ENTRY VCINIT
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0038 READ 50,1SETNREG
0039 50 FORMAT(218)

C
C ISET IS THE INITIALIZATION NUMBER OF THE RANDOM NUMBER GENERATOR
C NREG IS THE NUMBER OF CLUTTER REGIONS
C

0040 PRINT 55,ISET,NREG
0041 55 FORMAT (1HO, VARIABLE CLUTTER ,2I8)
0042 IF (NREG.EQ.0) GO TO 95
0043 IF (NREG.GT.5) NREG=5
0044 DO 5 I=l,NREG
0045 READ 51,FN(I),RS(I),RF(I),THS(I),THF(I)
0046 51 FORMAT (7FR.2)

C
C FN IS THE AVERAGE NUMBER OF CLUTTER POINT PER REGION
C RS IS THE INITIAL RANGE OF THE CLUTTER AREA
C RF IS THE FINAL RANGE OF THE CLUTTER AREA
C THS IS THE INITIAL AZIMUTH OF THE CLUTTER AREA
C THF IS THE FINAL AZIMUTH OF THE CLUTTER AREA
C

0047 PRINT 56,FN(I),RS(I),RF(I),THS(I),THF(I)
0048 56 FORMAT (Z5X,7F9.3)
0049 RSCI)=RS(I)/6.0802
0050 RF(I)=RF(I)/6.0802
0051 THS(I)=THS(I)/RADIAN
0052 THF(I)=THF(I)/RADIAN
0053 5 CONTINUE
0054 DO 10 I=l,NREG
0055 10 FLAM(I)=(THF(I)-THS(I))/FN(I)
0056 95 RETURN
0057 END
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PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET3D

ORo-PAP SIJRDET
C
C lHIS IS THE SUlRDFT3D EXECUTTVE RMUTINE
C
cCc CcCccrCcCCC ccCCCcCCcCCCC CCCCCCcCccCcCCCcccCCccCcccCCccCcCcCcccccc
C

C DESCRIPTION eF DATA CARDS
C
C DATA CARD NM. I
C
C DETAILED AUTPUT CMNTRiL INTEGER (15 FMPHAT)
C 0 s Nt iUTPUT TM BE PRINTED
C I * DETECTIIN 61UTPUT TM BE PRINTED
C 2 J DETAILED MUTPUT TM BE PRINTED
C
C
C
C DATA CARD NC. 2
C
C TITLE CARD , RUJN InENTIFICATIhN (I4,19A4 FMRMAT)
C I RADAR ID NUMSER F6R TARGET DETECTION tUTPUT FILES
C 2-20 ALPHANUMERIC OESCRIPTIVE TITLE

C
C
C DATA CARD Nh. 3
C
C SHIP (RAnAR) PrSITION ('48.2 FORMAT)
C 1-3 PrSITION COORDINATES (X,Y,Z) IN KFT
C 4 SHIP HEADING IN DEGREES
C
C
C
C DATA CARO NO. 4
C
C 11 BASIC RADAR PARAMETERS (CF8.2,I2,F6.2 FeRMAT)
C I RADAR FRFliQENCY IN MHZ
C 2 ANTENNA PATTERN FUNCTILVI INDTICATM
C 0 a PENCIL REAM
C I z CISFCANT SOLUARE REAM
C 3 RECEIVER NiISE IN DR
C 4 HtRIZONTAL 3DR REAMWDOTH IN DEGREES
C S VERTICAL 3DB REAMWIDTH IN DEGREES
C 6 ONE-WAY ANTENNA GAIN IN DR
C 7 INF.WAY SIDFLtIBE LEVEL IN DR OMAN
C A RErEIVER LOSS IN DR
C 9 TPANSMITTFP LMSS IN DP
C In Nil-R3R rF SCAN OInES
C 11 LIiEAR PILAPrIZTIPN IN I)ErREES
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C 0 a HORIZONTAL
C 90 a VERTICAL
C
C
C DATA CARDS NO, 5 AND 6 (eNE SET FrR EACH RADAP SCAN MODE)
C
C 15 PARAMETERS FOR EACH SCAN MODE (10F8,2Y5F8*2 FORMAT)
C 1 LO'^ER BOUNDARY ELEVATION ANGLE COVERAGE IN DEGREFS
C 2U PPER BOUNDARY FLEVATTON ANGLF COVFRPAE IN DEGREFS
C 3 PEAK POWER IN Mw
C a PULSE LENGTH TN MICROSECONDS
C 5 INTERLMMK PERIOD IN SECONDS
C 6 SCAN OFFSET IN SECONDS
C 7 INSTRUMENTED RANGE IN NMI
C 8 MODE DEPENDENT Less IN DS
C 9 NUMRER OF PULSES INTEGRATED
C in COMPRESSFD PULSE LENGTH IN MICROSECONDS
C 11 SEA CLUTTER IMPROVEMENT FACTOR IN De
C 12 I.F. BANDWIDTH IN MHZ. IF 0, BANnWIDTH WILL BE SET
C AT 1.0/(CeMPRESSED PULSE LENGTH)
C 13 MADE DEPENDENT FREQUENCY INCREMENT IN MHZ
C 14 BLANKING TIME IN MICROSECONDS. IF o, SFT AT
C PULSE LENGTH
C 15 RAIN CLUTTER IMPROVEMENT FACTOR IN DS
C
C
C DATA CARD NOe 7
C
C 7 PARAMETERS FOR MOVING WINDOW DETECTOR t7FP,2 FORMAT)
C I NO OF REFERENCF CELLS ON EACH SIDE MF TARGET CFLL
C 2 CLUTTER CMRRELATIRN COEFFICIENT
C 3 NO. OF STANDARD DEVIATIONS USED IN THRESHOLD
C 4A ZIMUTH OFFSET BETWEEN BEAM PMSITIONS IN DEGREES
C 5 VIDEO TYPE INDICATOR
C 0 a LTNEAR VIDEO
C I a LOG VIDEO
C 6 NA. OF REFERENCE CELLS USED FOR THRESHOLD
C 0 a ALL CELLS USED
C (0 * SMALLFR HALF USED
C >0 s LARGER HALF USED
C 7 PARAMETERS USED TO CALCULATE THPFSHILD
C I a MEAN USED
C 2 u MEAN AND VARIANCE USED
C
C
C
C DATA CARD NO, A
C
C NUMSER OF TARGETS AND JAMMERS (215 FOIP4AT
C 1 NO. OF TARGETS
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C 2 Nh. IF JAmmERS
C
C

C OATA CARDS NH. 9 ANr) 10 (MNE SET FIR EACH TARGET ANn MUHOER)

C

C CARD 9 13 TAPGET PARAMETERS (12F6.2,13 FMPFRAT)

C TARGET TRAJECTMRY SHOIJLD NIT CROSS 0 DEGREES TN AZIMUTH

C 1t-4 INTTTAL C~MRDINATES (XY,ZT) IN KFT AND SFCNCS

C 5-8 TERATNAL Cr'RDINATFS (XY#ZT) IN OFT ANO SFCONDS

C 9-tl RADAR REFLECTIVE AREAS FIR HEAD-et,

C 6RIAD-SIDE, AND MINTmUm IN SO. METERS

C 12 JAMI4ING PtWER DFNSTTY TN WIKAHZ

C 13 HIRCU'm SWERlING CROSS SECTIrN MOOFL

C

C CARP tn TARGET PP!FILF PARAMETERS (I4.7Fh.2 FIPMAT)

r I TARPE'r PPrFILF TYPE
C 0 a STRAIGHT LINE TPAJECTMRY
C I * 2-4 ALTITUDE LEGS
C 2 : G-MANEUVER AT CONSTANT ALTITUDE
C REMAINING PRPFILE PARAMETERS PY TARGET TYPE

C IF TARGET TYPE * Q
C 2-8 IGNIRED
C IF TARGET TYPE 5 I
C 7 S Ne. OF ALTITUDE N~nES
C 3 a FIRST ALTITUDE NODE IN KFT
C a a TIME 8F ARRIVAL AT FIRST NODE IF SEC
C 5 a SECONn ALTITUDE NMDE IN KFT
r A a TIME OF ARRIVAL AT SECnNO NeDE IN SFC

C 7 a THIRD ALTIT(JnE .NDE TN KFT
r A a TIME IF ARRIVAL AT THIRD NODE IN SEC
C IF TARGET TYPE * 2
C 2 a TARGET SPEED IN KFT/SEC
C 3 a INITIAL HEADING IN DEGREES
C 4 a TIME MANEUVER BFGINS IN SEC

C 5 3 TARGET MANEUVER RADIAL ACCELERATION IN GlS

C

C

C
C DATA CARD NM. It
C
C a ENVIRONMENTAL PARAMETERS (UFS.2 FMPRAT)

C I WIND SPEED IN KNITS
C 2 HEIGHT IF WIND SPFED N4EASUJREMENT IN KFT
C 3 MULTIPATH INkDCATOR
C I mULTTPATH
C 0 * NM MULTIPATH

C 4 RAINFALL RATE IN vm/HR
C

C

C
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c DATA CAPD NM. 12
C
C Q FIXFr CLUTTER PARPAETERS (21AP7F8.2 FrM~AT)
C I INITIALIZATIrTN FeF RANtMn NiMPFPR rENEPATMP FIR
C GE.NFRATTMN MF FJXED CLUTTFR PMINTS
C ? NO. tF FIKEID CLUTTER PITNTS
C 3 PPMRAHTLTTY THAT CLUTTER PMTrNT IS DETECTED)
C a INITIAL RANGE eF rLuTTER AREA IN KFT
C S FINAL RANGE OF CLUTTER AREA PtS WFT
C h STANDARD DEVIATTMN MF RANGE MFASUPE4ENT
C AS A PERCENTAGE OF RANGE PFSMLIJTImN CFLL SIZE
C 7 INITIAL AZTMIJTH rF CLUTTER AREA TN DECPFES
C A FTNAL AZIMUTH rF CLUTTER AREA IN DEGRFES
C 9 STANDARD DEVIATION eF AZPIUTH MEASUPERENT
C AS A PERCENTAGE eF HMRIZet4TAL 30R REAMWIDTH
C
C
C
C DATA CARD NM. 13
C
C 2 FASIC VARIARLE CLUTTER PARAMETERS (218 FIPRAT)
C I INITIALIZATIItN FMR PANDem NUMBER GEFtRAT1IR FrF
C GENERATIIN eF VARTARLE CLUTTER PlINTS
C 2 N. IF CLUTTFR REGIMNS
C
C
C DATA CARD NM. t4 (MNE CARD FtR EACH CLUTTER REGTMN')
C
C 7 PARAMETERS FOR EACH CLUTTER REGIMN (7F8.2 FPRMAT)
C I AVFRAGE NUHBFP IF CLUTTER PnINTS IN RFGIMN
C 2 INITIAL RANGE (IF CLUTTER AREA IN KFT
C 3 FINAL RANGE IF CLUTTER AREA IN KFT
C 4 INITIAL AZTPtUTH OF CLUTTER AREA IN DEGRFFS
C S FINAL AZIMUTH rF CLUTTEP AREA IN DEGREES
C 6 INITIAL FLEVATIeN IF CLUTTER AREA TN nFGREES
C 7 FINAL ELFVATIMN eF CLUTTER AREA IN DEGREFS
C
C
C
C DATA CARD NM. 15
r
r 4 ReLL ANn PITCH PARAMETFRS (4FS.2J
C I MAXIMUM R^LL ANGLF IN DEGREES
C 2 tAAXIMUM PITCH ANGI E IN DEGRFES
C 3 RMLL PERIMD IN SEClO(S
C 4 PITCH PERIID IN, SFCMD40S
C
C
C
C DATA CARO HM. 16

156



NRL REPORT 8228

C
C TIME PARAMETER CF8.2)
C GAIIF TTIME (IN SEC) BY W9HICH RADAR IS Tn BFIGIN SC4'JS
C
C
C
C D)ATA CARD KIM 1 7
C
C, RECYCLE Cl!NTRPL PARAMETER (TS FORMAT)
C I a NEW SHIP IN WHICH CASE
C THE NJEXT DATA CARG~ TS NM.I
C 2 a NFO TARGETS
C 3 a NFW EINVTIRP'ENT
C M a RUIN COMPLETED
C
C
C
CCCCCCCCCCrCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC.CCCCrCCCCcCCC
C
C

000? C1114'n NSCANNEXT,NtJMTGTTU OLDTENDLTlm ,SMIDE (30,20)
I PltPIOVRP ,T NPIIRAD7ANT&LI(30),rSTAR,DWL (30)

2 ,XYZI (20,1) ,X(YZF(PO,J) ,TRGPMS(20,7) ,SIGJA,11(20)
3 ,SIGTAR(20,3) ,FHV(2u) ,SIGMAH.,ISkoTT,TEmPW~R

U SHIP(q),PC(30),RMOOE(30,12) ,T.MDE (30,2)
0003. C~1"MmJ/f/ ENVIR(Ifl),SUPC(30) ,RECNIA,CCMI,ACMN,8ETA,

* MITP(?0,) ,PILRZ,TKYpK ',N~mTRCVeTFMTC
0004 Cm"'-N/D)/ ALPH4D,STGZV,AKI ,AR2,STrC,SICG
0005 CeMIN/H/FACiJ, AIClBi,,XJAMN, IKEYJC,, J(XXX

()(oh ~ C0MMPm`/Ij' Pfif)SHMFK, TIETP'X,r)DIN,THHTHV,GN
o007 C'M%~N/T~I/NTARG.,TIAM,SPEE.D.(2O),HFADT (20),HAF2)Tm~lP)

I ~~TmANF (2f),XMANIl(20,3) ,XMiANF(20,3),GTLIPN(2o) ,TURN(20).
2 Cm(20,2),RADM(20),ITYPE(2u) ,ALT(20,5)pTALT(?0,5),NALT(2t,)

0'J08 Ctm'M 0N/TSiISTAT(20) ,TSCAII(20, 30)

1CRllYI(20 /CLTMI.T/PUT(01.( LT2n1,AMIT(20J1)0,I,FL'T(21V MT2
(lob Cr6 irET/ NO)ET(20),MFR(20) ,RA~.QEF(20,3),AZ(20,.6) ,StDET(20),3).

1 Ft.FV(20, 3) ,TTjE(2c)
C0 I C~mlf /DET3/ N(E32,0,E3P),AIG32~*0,Z((op()

I SNPFT3(2nv9,30) ,TT'43(20),*TKEY(20)
0012 C~.vMfN /STAR/ RM~LL(20),RTTCH(20)
0013 DT~ENSIMN- ITITLE(20)

DT~F~SI~' UFR(So?011
1)01h ~ INIFEGEP ANS1

0017 CALL P~STOP
u0)I F TtUT x ll0
0019q C~hVaR4* 3429'4u~lQ
(0020 PFzA39237%.0u
0021 CNMZIE1A83.S47/4
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0f'F2 ~C C v 30 0( 0 'f)0 " r (I.
ur'?P.3 RFTA z.71(456Sl?l

(0?a ~ AC~N *ho7701593
(029 YkT(-5 z.514JiCLICJ

(,(?6 YXNVTtm al1A)?.
00?7 F!PTSQ2 157.9136711f6
u0?P FMFIQH zlQR4.'4017I1

0 0,41 5? F(MPMATC1615)
f, 3 2 PFAr) 50fODTTITLF

U013 50(1 F!PF-!T(IrJ,19A4f
f)(114 PRINT 501,ipTTTLE

oolb CALL TINIIAL
uj037 IV CALL TARGET

(ols ~ 11 CALL ENVIRN
C
C INITIAtITZE CLUTTER FOR TRACKING

(Ao3Q fALL FCINTT
n,'J)a CALL VCTNIT

C INITIALIZE RMLL .N[) PITCH
fl0i1 CALL STPINT

C
C READ TN TIME BY WHICH RADAP mLIST BE INITIALIZED

ff~t42 PEAn 59, RINIT
(0043 5Q FMPMAT(FF.2)

o o 41 4PPINT S90p RINIT
'('145 5qo FtMRmATe1H(1,' (AMF INITIALIZATTeNl.Y ',F8.2)

C
C AD~D SCAN OFFSET (FOM- MODE 1) TM MAX RADAR IN!TIALIZATIfOl TIHF

0 ('146 RINIT * RTNTT/3600~. * RMOflE(t6)
U'0`J 7 TSC:O

o A 41 A IWEYFz:"
C DETERmINF TIMES FACH TARGET MI~ES WITHI'i ViSTRL'4FNTEr' PA~vGF
C OF FACH RAD)AR HMIDE

v0Ci9j CALL H-ATCH
C
C r.FTERMTNF INITIAL AND FINAL CrA'E TImFS
C

01!90 ~ T x PMmnF(l,q)
(0sl ~ENDTTM a XYZF(f,'i)

C SET TARGETS TNITTALLY TP (VEP-THF-HflPIZMPN
of)1;2 TRCPMSr1.L) 9 -1.
flo~~s IF(NSCAN .LT. ?) Gr, T11 17

f r'FTFRMINF TNTTIAL TIMF FPO- MATCH
L. 5'J () 15 j z 2NSCAK

11 c~ S I F ( P -n nCJ ,9~ *L T. T ) T R~F (J , fl11 n~, I5 C AKT TNLIF
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(I~r,717 TF(N7A4C *LT. P) GM TO 19
C r)ETEP'TNF. FPit GANE TIME

flI f!i f T c ,tWT A RG
,)osq ~ TRGPPS(T,4I) E 1

0 I n 0 !F X Y ZF (I v 4 *(T .F TOIM ) E N nT Ie a Y Z F(.)
C061 1~~~~ ~I COTN 0F.

19M CN T IN F
C SFT INITIAL T1ME FPOm MATCH 30 SEC. EARLIER FlR CLUTTER SAMPLES

1063 ~T a I - 3.#3bfl.
C SET INITIAL GAMF TIrOE

(0fL4 Tu xATNI(TRTNIT)
Wit's TEMP * 3

Oobts ~ TE'MF a PmMODFCI,)*3b0 0 .
O(f,7 WI.RTF (TOLIT) ITITLE(1),TFAPTEMPPA

C
006A ~IF (ANSI.E0.0) GO TM Po

O06bq MtiLSENVIP(3)
01070 IF C MUL .NE. 0 ) PRINT 506
0(71 IF C MUL .EO. ( PRINT 505

(1072 50b FnPMAT(/s' $5;5$ oilTH MULTIPATH S!'/
007 ~ O;o FMPMAT(//F6OY,l 1$19 NO MULTIPATH 

C
C GENERATE INITIAL AZIMUTH BEAM PASITIMN

00(74 20 CALL INIT30(NTARC-phZINIT)
((75 7SCaTSC.1

C INITIALIZE SCAN'PRINT FLAG
4j0 76 IPFLAG * 0

C DETFAINE TARGET AND JAMMFP POSITIONS AT SCAN TIME I
n077. CALL NFW~PC'S

C PERFnRM ELEVATION SCAN FOR EACH ACTIVE TARGET
ov7A Dn 75 1 a IINTAPG

C CHECK IF TARGET ACTIVE
,0Q79 IF(ISTATCI1 .NE. 1) GM TO 75
0000 ',O 70 J a 1pNSCAN
0)01j NEXT a j

C CHECK IF TAOGFT #ITHIN )E.TECTION RANGE PF THIS MMOF
IF(TSCANJCI,J) .GT. T) rM TO 70

00F3 ~~TEMP PtMOUEFJ,j) - 6*R-5
TFMP2 P Mrf)E(J,2) + 0*h3*pCC5)

One's ~ IF(TPGPMS(T7e6) *GE. 1EAR *ANr. TPGPOSCI,Ih) .LE.
1 TEmr2 *AND. TFrGPIS(I,4) *LE. RmmfDE(J,7)
2 *AND. IRGPMS(T,Li) *GT. SMH E(Jol)) GO TM 30

C TAPGET CANNOT BE DETECTED BY MODE J
uOIJb GM TM 7(

L,(F-730 JF(RC(l) 4 OnLCNEXT) .NE. OFP) ISwIT z 
(UUF48 MFRxRC(1)4DNWL(NFXT)
ollPq PFPxPCI1)/O!FPotq0P0b=G/FR*

((91 ~~~PC ( 4i T HHI*RF P
tfl92 RCCS)zTHV*PFP
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PAPS = R'PODE(NEXTol) + C* )2

C COMlPARF TARrET ELEVATIIN ANGLE Tl ELEVATTIN REAM CENTEP
IF(AF3S(PPF(S - TPC-Pt'(T,6)) *rE. PC(5)) G'I T( 70

$STC z I
SIC, : 0
API * C
AR2 :- V
V x 

C CHECK FOR PRINT
JFCANSl *En. 0) GO TO 35
IF( IPFLAG .NE. 0) GO TM 35
IPFLAG m I

C PRINT SCAN NU'MBER
PPTNT 507tTSC

5(17 FORM,6T (////p3(X,*4 ."..... SCAN NUMSFR a ',40.' ....... I/)
IF( ANS1.NE.2 ) GM TO 35

C PRINT HEADINr
PRINT '(0

C Cl(MPLTF SIGNAL ENERGY AND NOISE AND) CLUTTER ENERGIES FPP TARGET I
35n CALL STGNAL(I,RC(I1J)RC(12))

CALL N('0SE(I, PC (13) .RC(10))
TCPSS = TARCS

C DETER~'TNE TAPGET DEFTECTIONS IN MODE J
NREFF a RC(15)
C4LL DET3D(RC(12) ,PC(13),PC(14J),IMIDE(J, 1),RC(16),PC(17).tREF,

RC(1Q) ,I,NTARG,PC(M),J,AZINIT,RC(18),P'C(?u),PC(21),
P RC(22),SNTRUJE)
IF (ANSI.NE.2) GO TM 65
RHDEG:TPGPMS(r,S)*RADIAN
RVDEC a TRGPOS(I,6)*RADIjANUR~EmCMNV*ALMGCRCf12) )
DlR N CO NV *ALM0 G(P C (I ))
SN D REF- P N
TRGP a TPGPOS(I,Q)*6.0A02
AMP~NDB a CMNV*ALMG(AmAxl(A'mRNjl.oE-74))
XJAmrDP = CONV*ALOG(AMAXI(XJAMNI.0E-7(J))
SCnB x CMNV*ALMG(AmA*1tSIGC,t.oE-7tJ))
SFACL4XCONV*ALMG(AMAX1(FhC0,I.0E-74))
SNTPUE a- 10.*AL'OGlQ(SNTRU'E)
PRINT 50,I,J,TTMF3(I),TG, EVDGTRSSAC,~EAR~

,SCDII, XJAIMDP,SN,SNTRUF ,~'R3(I)
i(NL'MENDET3( I,J)
IF ('<NLM.E0.0') GO TO b53
UO 61 NI,IKNU)M
QRRPP:ANCF3(I,KvJ)*6.08n2
AAAA:A?3(1I .K,J)*RADIAN
SSSSzSt;DET3(jI,K( Jl
SSSS z ?0.*ALMGIlQ(SSSS)
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13 3 PRINT 55,PPRRP,AAAASSSS
(1134 SS FMRMAT(NX, '*fFTFCTImN*1,4,Fl2.2,Fl0.P,I9X,FI0.0)

It136 , r MNT I NHE
11 37 70 C 0 N:I I I iF

I013A 7;I ` r. N 1 F

C
C M'ERGF rEECT1fINS

CI ~~9 CALL MRPDT3D(RC( 19) ,'TARGRC (4) ,RC(5))
C
C CALCIILATF R%~L AND) PITCH

o 1 4i0 rALL STAIR3
C C1L1'TIF1' MiITPtjT FmP TR.ArKIN17,

(ltd1 CALL FXCLT3
cl,42 ~ CALL VQCLT3

C
C 'NEw MLVTPIIT

otol4 RIF ( I) aISC

to 1 41 P RF(?) : TV,617 
el 1 h r't 2 V0 1 3 INTARG
o1 a7 FtIP(3F ) a MIJF(3)e1DET(T)
SI II Ft ?0 CIINTI NLIE
(lI a RI IF ( 4) z 3V0enITITLF(Il
oSIOt KLIF (r) a SH IP ( S
('151 RUF(b) a NTAPG
v 1 2 WPITE (TOUT) (FI1F(I)#Izlpb)
o 1153 1 F (ANS I J0.11) GM TI! ~22
I SJ IF(BfIF(3) *EQ. fl G'~ Tm 22v

ols5 PRINT Sb6, (UPF(T)I1:1,63
011%; 56 FI~tMAT(1I"C/' SCAN NUM~EP.I,FS.0,' 7!MEx',FQ.2,' I,10; DETECT!

f11~',FS.n'1 RADAR T~'FC' HEADINGm',F7.2,' K'% TARGF
PTSa' *F'J*/)

u I S7 157 FMRMAT(i rDETECT1'~i NL~m ',F5.0,7FI0.(J)
n I ;A PPdNT It M 

C 16b0 2 20 C mIUTT N iE
C I61I IC~jT = 

I t)2 rDfl 251C I I 1NTARC,
163 uF LIP I, I) -- I

(Ibui ~ 31UFRP2 ,T) a TPC~PFS(T,4J)
I (1-5 W I F P(3, ) 3 TRCPfS(ItS)
I f,b PLIFR III a TRr;PnS(Ip6)

01I6 7 QIIFP(5IJ zT It'EA (T
i0 I6A NCT atl;F ( I)
v 51eV TF(N'CT.FCQ.t) Gf TM1 2'S

1 7 ( rIM 2b10 J al,NCT
v17 1 TCIjT = ICNT+1
('172 PI'FA(1,ICNT) a:I
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o I7 3 PlFA (?, TCf.T) P.AtiF u 

9175 HAUFAr'J,TCI`:T) a F.LFVCI,j)
CITE, PHF A 5 PICNT) a TI 'E ( I
0177 PIJF A6 (6,IC NT ) m SI`DF T (I PJ)
0178 MIIFA(6, TCIT)z22.*ALMGlo (RL'F(6, ICNT))
I7q ~ OIF A (7 PIC'NT) x RPLL fI )

v I AQ ~ IF A( APTCI7T) * P I T C H(I
OIPIl P410 CMNYINUF
vN182 ?50 CMtNTTNUiF

01P3 ~~~~IF7VFOO GM Tr 27
Il) ?e, f I a 1I PIV

elP5 rCNT a TCNT+1
oI8b AUFA(I,ICNT) a 200
UIA7 IF(I.(,E.IC)

ISUFAfI#ICNT) a leo + NC(J)
01110 R8iFA(2,ICN'T) a RtIJT(T)
LUIS9 FUFA(3,TCNT) * AZMUT(r)
OIqn PLJPFA ( PI 'N T ) a E.LMI-T ( T

olql f'tiJIFAC5,ICNT) * TMUT(I)
clq? PUFA(bvICh;T) * SMUT(I)
0193 RLIFA (6, ICN.T)m?0.*ALOGIO(EUFA(6, ICNT))
( 1Q 9 IJFA(7,ICI'jT) a RLRUT(I)
(195 IAIJFA(ATCrKT) a PTMLJT(I)
(, I96 2bfn C 1NT f NUE
o197 P70 CMNTINUE
o198 IOM 2715 J a iPNTAkG
o199 WRITE. (IrUT) (FltFP(I,j),Izt,5)

11211A 275 CfMNTTNLJE
(Put1 IFUjCNT.EQ.0) GM9 TF6 29n
0202 DR 277 J 3 IPICNT

OP04 277 CMNTIINUE
0205 IF(AN:51.EG.O) GM TM 29n
('pod DR PAO J3 a IPTCNT
('20 7 PPINT 57,(8BUFA(IJ),I x IPA)
0208 280 CRNTTNUEF
Gp0q 29() CRNITNiiF

C
c N~ SCAN

02101 T a T + PMMDE(1,5)
0211 IF(T GCT. ENDTItM) GM TM Ito
o212 Gil TOl 20

CI
u 1 3 8 0 C M i 71 4L! E
021LA IF (ISTEP.LE.'00Od1 GI! TR 20
(,?Is 110 ISTEPtISTEP-1

OPI6 301 C M ',T IN LUE
o P1 7 y JA A N a(. .

C READ Ilh RECYCLE CMI~jTReL PARAYETEP
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c IANSz1 CSNIP),U2(TAPGET),:3(EEVY VTNE~~D,:4FIISHfl)
Opis ~~READ SP, IANJS

I) 2 o Ia C ~hiT INUE

1,6~~,I~ZIM ELFV FACTMR FSlr N~m tCLT NJAM

I#FT'. 2, 15)
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SI.JP R AUT I E A DJOFT CRE S ,T H 0R, ELVIA , K ,NE JJ.K T A PpI pJ

C
C THIS PA~LITTNE nETFRM!NES WHFTHER THF PRESENT DETECTION' OF TH4E

C XTAP-T~i TARCET IN THE j.TH m~DE TS ADJACFNT TR THE PPEVI'?US OETECTTO~-S

C
voo? ~COM'MON NSCAN,NFXTNUMTGTTMOLT,.NDTTI ,SmPDE (30.20)

I PIPIRVP? ,TweoI,R.ArTA~!,TAI1(30),f)STAPDIML(30)
, XYZI (20,4J),XYZp (20,4) ,TRGPeS(20,7) .S1GJA (2"1)

A SIGTAR(20,3) ,FHV(20) ,STGmAH, ISwTT,TEMPW~R
a SHIP(9,,RC(30),RMMODE(30, 1R),ImPrDE(30,2)

~'Jos COMP~MN /vMERSET/ DETPARCIOO,4i)
0004 ~COmmRN /nET3/ NrIET3C20,30)),MER3(20)oRANGE3(20,9,3fl) AZ3e2,oQ.30),

I S~rDET3(2P0#Q30) TIME3(20) ,IKEY(20)
C
C RFS IS THE RANGE RESOLiuTIMN CELL SIZE
C TH3DF IS THE 3-D)A AZIM1UTH ANTENNA REAmlkjIDTH
C ELIDP IS THE ELEVATION 3.DR BEA~w!PTH
C K IS THEP PRESENT NUmBER OF AD)JACENT DETECTIONS

C K~wjj is THE PRESENT NUMRER PF NONADJACENT DETECTIONS
C KTAP IS THE INDEX OF TwE PRESENT TARGET
C I IS THE INDEX MF THE PRESENT DETECTION
C Y IS THE PI'DEX IF THE PRESENT m'ODE
C

('005 RwRAk.Gt3tKTAP, I,J)
('008 Au a A73()KTARI,J)
10 0 7 E aRmOnE(Jrl) + PC(S)/2.

C
C TEST Tft LOCATE ADJACENT DETECTIONS
C

'1008 DM Jr, I~sJ*K
ofog ~IF (ARS(P-D)ETPAR(IK, 1)).LT.1 .2*qES.AND.

I A6S(A-OETPAR(IK,2) ).LT.0.1*TH3D8.AND.
p A8SCF-nfETPAR(lik,3)).LT.0.1*EL3DS) GO TO 20

(0j0 IF (AeS(R-.DETPAP(IK, 1),.LT.0.1*RES.AND.
t A85(A-DETPAR(IK,2) ).LT. I.2*TH43DFI.ANDL.
2 A8SCE-flETPAR(IK,3)).LT.0.1*EL308B) Gm TO 20

noll IF (A8S(P-.DETPAP(IK,1)).LT.0.I*RES.A~JD.
I APS(A-DETPARCIK,2) ).L.T.'. I*TN3DH.AND.

? A5(F..nETPAR(IK,3)).LT.1.2*EL3D8) GM TM 20
0012 10f CINT INUE
'0n1 3 NE1,-JJzEAwk.JJ+t

001 4 PANGE3(KTAR,NEWJJ,J)XR
('015 AZ3(KTARVNEWJJJ)MA
('016 SNfPET3(KTAPpNE*JJJ)USND)ET3(KTAR, I,J)
no o? RETURIN

(jnlq r)DETPAR(K, ¶)u(k
o0p0 DETPA0(Kv?)UA
1'021 DFTPAQ(, 3)vE
onlpP nETPAPtk,'i)wSNPET3(K(TAR, I.J)
i'f' 3 P~E TOP N'
lf) 02 i F Nr
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oool!1 SUPPOIUJTIlE OET3D (SC,FNN3nR,CIPFSIGPNREFESlITAPNTH3Df, _
I mftDE ,AZT' I, AZZRHPXLeGTHRSHPh RHRM, RTRUE)

C THIS RfllITINE PFRFnZMS THFl DETECTItN CALCU1LATIMN FIR THF NTAP TARGET

C AND FOP A SPECIFIED ELEVATIMN MADE. THE CALCULATIMN IS PERFMRME(
C IN THE ADJACENT RANGE AND AZIMUTH REAMS. THE JAhMIKG ANO CLUTTER
C ARE ASSUMED TR REMAIN CrNSTANT. THE TARGFT PftiFP CHANGES PITH4 THE
C ANTENNA PASITTPN.
C

1!(102 CmPrMNtN /LET3/ NDET3(20,30) ,HER3(?(flFNGE3fZU,9,30),AZ3(2U,9,30),
1 SNOFT3(2Q,Q,3O) ITImE3(r) ,IKEY(2o)

tno3 CAwHOrN NSCANrNEXTNU'TGTvTtLDTfFnTIM oSMMADE(30#20)
I ,PIPItVRP ,T~ieRIRADIANTAU(30),DSTARDiL(30)
2 ,YZT(20,4),XYZFv2o( 4) TRGPmS(20,7),SIGJAHC2D)
3 ,STGTAR(2nl3),FHVC20) SIr.HAH,ISWITTEMPFR
ai ,SHIP(Q),RC(30),RHDF(30, 12), I' ADE(30,2)

tjnfu ClemMMAN /m0D/ MODEL(20)
rlX05 CtMmiPN /FLUC/ FLUCT(32,20)
0o06 DIHENSIMN SNPEF(2U),INF(20)

oo07 DTMENSIAN xN 32,25l ss(32,25) SIJ t25)IS(25)Rtl~P)o1li)
C
C S 15 THE SIGNAL PAwER
C C IS THE CLUTTER PAwER
C FN IS THE NRISE POWER
C N3DH IS THE NUHPEP MF PULSES FIFTw.EEN THF 3.nP ANTENNA PAINTS
C CAR TS THE CARRELATIMN CMFFFICIEKIT RF CLUTTER
C FSIG NlIMPER ef STANDARD rEVIATIMNS USED IN CALCULATIAN MF THE TH
C NPEF IS THE N1!M8FP tF REFEREKCE CELLS MN EACH SIDE
C RFS IS THE RANGE RESOLUTIMKN CELL SIZF
C NTAR IS THE TARGFT rF INTFREST
C N IS THE NUUMBER MF TARGETS
C TH3DR IS THE ANTENNA 3.f- REAH.LIDTH
C MHDE IS THE INfDEX MF THE ACTIVE RADAR mMDE(I.E. BEAM PFSITIMN)
C A7INIT IS THF INITIAL qEAM PASITIMAN FOP THIS SCA14
C AZ98P IS THE AZIMUTH OFF SET 8FETwEFN AZTIUTH EFAH' PISITTINS
C XLmG DFNMTES WHETHER LINEAR(yLMGZO.0) AR LMG(XLMGsl.n) vIDoE IS USFD
C THPSH r)EKNTES WHETHER ALL THE PFFEPFNCE CELLS(THRiSHe:.0) , THE
C SMALLFr HALF(THRSH<(), Or THE LARGER HALF(THRSH),O) SHMULO RE USED
C PARM rENMTFS ?LHFTHER THE MEA!l ANrD VARIANCE(PAR14:2.) Ar JUST THE
C MEAN(PaPM:1.) SHAULD PE USED TM CALCULATE THE THRFSHPLD

C ****** NPTE, DETECTIMN TIME TS SFT EQUAL TM T ***********.***
oo08 IF Nti3D8.LE. 32.AND.NREF.LE.1n) GP Tr 3
ot/n09 PRJNT FQ
(H)1Q 50 pFR'4AT (IHI,' EITHER N30e A NRPFF ARE Tee tAPGF')

'H! fi I STAP
0012 3 IF (ABS(COP).LT.I.0) Gt TM La
o013 PRINT 51
ulltId S1 FORMAT (IH I , I CPP FLATTJN COEFFICIENIT TS GPFATER MR ELI AL TA1 )
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0016 d~~4 VINT TlJIj
c
C TEST Tn SFF TF TFIDFE To, A6Y CI4ANCE MF A TAPOkT OETFCTIMN
C

fl1 IF (SPIINT.GT.2) CM TO 5,
10(2 0 NOlET 3 (NT AP, Pr)E ) EO
0021 SNTRUE 0*(.9
k0022 PETURN
v 023 5 StNPEF( I)
(0 2 4 I KF(1uNT AP

10025 NPEF2zP*PREFF
'(026 CALL RESnL (N~RFFPESNTAP,SNREF,l iF,N1,TH30FPpN)
0027 1502 FMPMAT (IHO, ' TAPRGETS ARE',1015)
rjn?8 kAZm(TPGPM~SVITAR,5) -AZINIT)/AZI3AP+.S

C
C De L'M9P FMP THE THPEE &ZIMUTH REAM' PMSITIMNS
C

of)3 0 T A Z:a
01031 2A5 1AZzIA7+1
0032 AZjM1:AZfRPP* rKAZ+IAZ-2 ,AZINIT
0033 KPS:.TPCPMS(NTAP. 4)/RES

003U P~S=RES*IXRS.13.*RES
C

C GENFRATIAN MF SIGNkL VALIJES
C

0 035 NS I
1,036 NF N 3[C 

(lo 3 7"4 8 z1 3-P, PEF -2

I f) PI 7 Jz:S,NF
n00(12 7 SSCJ.I)O.0
0 Q1/I3 IPFPrFEO

cloils PP=RTPGP(MS ( INF(K),(1)
0 n 416 KR:(PRRPS)/RES
( 0 4 7 IF (K.E0.1.lr,.IKR.GT.1t.MP.KR.LT.10) CM TM A

0 f na A WEP C Ga I
C
C FLUCTUIPTIG STCNAL
C
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IF (N58W.CT.0) GM TC 11

.051 ~~FLNI .0
o52 9 DC ) j, i5,

Mr, 3 10 FLUC?(JK)UvL -

eoo5 GI 79 171
0O55 II GC Tl (j2#I3,l5,1b),NSW
0056 12 IF (IKEY(NTAR).GT.0) GM T1 171

oosl ~CALL VPANF(Rgl)
p tl r, AFL .a&ACG(Q(fl)

noto 13 MoNF+¶-NS
rn)61 CALL V~ANFCQM)
00A2 Kz
no'63 ne a JxN$,NF
0064 K~uKK+I

10066 GO *T~ 171
U067 15 IF (IlXEY(NTAP).GT.0) Gm Tl 171
noba CALL VPANF(R#2)
00E,S FLZ..5*(ALMG(P(t) )+ALMG(R(2)))
nfl70 GM TM~ q
0071 16 MXNF+l-NS
(n72 M242.*?A
00)73 CALL VPANF(RoM2)

Q(75 ~DM 17 JzNYS,NF
40076 KI~:KK+1
'no7l 17 FLUCT(J,K)a (ALCG(R(I(KK))+ALCG(P(KKM))l*(-.5)

78 1 7 1 CONTINUiE
007q 512 FARMAT (1i~',O' HERGTNG 0PCPLEW, (K,KP.lMERGE) a ',3110)fjn~~o nm 35 13103
OAS1 KTXKR.1-2
0082 IF rKT.LTNRS.OR.KT.GT.NPF) Cm TM 35
'n0P3 IS(KT)U1

C
C MMOULATTMN PF Slt4(x)/X PULSE SH4AD E
C

V0Fl4 RTEP a KT*PES*PFS/2.*RS
nops ~ FDTF=?.7A32*(~PQTEM~P)/PFS

(05A6 Fa.1
oQA7 IF (FDIF.EQO.) GM TM 29

,_,0A9 I FzF*F
w) Q S~':F*SNREF( K 

501 t3 FMFM4T (IHO,l KTWTMRDFFS ',15,bFJ2.4fl
(".JQ2 ~ AA:1TGPlS(INFC(K) 5)

C
C MmCtIILATICf- MF SkICX)/k ANTENNA PATTERN
C
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UoQ3 GnIF:2.783?*(AZIM - AA)/TR3n5
fSIPu51 FIRMATCIHQ,' GDTF,AZIm,AA 9 AZINTT ',LJFIP.6)

o005 c0:1.
o~~~6 IF (GDIF.EO.C) GlI TM Ip

1007 CUSIN (rZQIF )/G0IF
(109A Iq G:C.**4j

O009 or Po2( JuNS, NF
C
C ****IMTF , ARGETS APE AOOED NrANCJlEPFNTLY
C

rico0 SS(J,KT7):SS(J,I<T)tSM*G*FLUCT (J,K)
0l001 ?O CMNTTNI.E
GIG? 315 CMNITI NUE
('103 40 CMNTINUE
(IOU IFCIhZ *NE. 2) GM TO 4o5
I10 5 SNTPUE x 0*.

01)I06 Dr 402 J : NS,NF
0107 402 SNTRUE z SNTPUE + SS(J,13)/N3DP
010$ I . O45 C .T I NOIF
A IO ore 41 I:~'RSNPF
011 I0 IF (TSCI).EG.0l) GM TMati
0111 501 FOPM4AT (tHOP' INS,NF 2 ',3IS~fp5(/pt0Ft?.4))
u il? 41 CMNTINUE
01113 IXFY(NTAP)=1

C
C ........ ..... ..............
C
C GENEPATIf¶N MF NflISE SAmPLES
C
C ... + 4.........+.......... + *+ +......
C

0114 M:KF+1-NS
v11 I smfla*M
011I6 H3:3*m
0 117 m I4 al*m

ollA ~ IF (N3OP*C *GT.FN) QtO T70 100
C
C CLUTTEP IS 'vAT A FACTOJR

'fliP pf0 qU T:NPS,NQF
Q120 IF (IS(T).EQ.1) CIM TO 75

C
C NO SIG~!AL 0PESENT IN THTS CELL
C

01121 CALL VPANF(P,M)
o IP?2Km
01Ž3 DM1 60) JZNS,NF
ni1 24 K: +1I
0125 XUj, I2:S0RT(-?.*ALCG(RCK)))
01 2 6 60n CnPT I N1IE
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C SIGNAL PP SENT Tt~ THIS CELL,.f
C 

?, 7 c CALL VPANF(P,H?) r

(I 12 Af9P -2 AL1Gn 

~~~l3Li ~~~~ *~~1a)**2, ~~~(A*ST'i(P))**2)
'31 36 9n C RKT I UE
"137 GM TM 2ifl

C
C CLUTTEP TS A FACTIIR

113 0IQ AmLr)XS0RT(C/(C+FN))
I' 39 rCCAML C'Y
fu Ia L FFNmS'QPT (F/(C+FN) )

')I 4 1P=SQPT(1.-C!%RCMP)
nill? ~ 0" 150 I2NPS,NRF
f)IU3 ~ CALL V14NAF~(k?)
o 1 a a A L. sY z CC*S!'J(T'WMP!*Rtl )*S()PT(-2.*hL Ir(P(2)f)

otub ~~CALL VRANF(P,maj1

01 A D 12o Jm:4S.N'F

AlZS'QPT(-?.*ALMG(R(KjM)))*FF

'fl52 q ' ~ T*4K4
o153 ~P~ zT*M~I*P(A+m3)

D 1 541 A!~L0zCmR*AmU)X+P*A*CmS (R)

1 II~~~~~~~ M~L f'1y +A I *S TI` (RI) '*2)I

C GFENED&TT'!N OF SU'-
C

oI 6 IF (XLlC.It T.1Ž*.0170l ) T. 210)

C
C uSF L~rG VIDE'
C

IŽm 2"15 Jz'45S,~S
I t,2 om)~ 24'5 T:t~S,N4RF

169



DAVIS AND TRUNK

f~~lhs OM ?dl IRNRS,NRP
0IA7 09l 220 TaNIRSNPF
(lb 8 SOM(I 'C)to .

(116Q DI PP0 JZNS#MS
(170 P220 SUJM ( I) .SLM( I ) 4CJ I)

C
C GENERA1T~I ~r TH4E DETECTTIMN THPESHI!LDS
C

ut73 UUP80.0o
n1714 XmSLlwmO,O
(175 xC'SUpmo.o

(1177 ULlaUL~w+SIW(J-I-1)
0178 UtJPutJUD+SUM(J,1,1)
n179 XMSLRWNuXMSLRO;+SUM(J-I-1 )**2
0180 230 MSUiPNX'4UP+SUM(J+1+1)**2
0181 IF (THRSH.NE..0) GM TM 235

C
C USE ALL REFERENCE CELLS
C

018P2 L) UL +ULI
011,3 WmSmXmSL~w+XmSUP
otal n(j)uU/NREF2,FSIG*SQRT(XMS/NREF2-(I.JNRFF2)**2)
c185 IF (PARM.,GT.I.5) GI T.M 250
01%6 D(J)mFSIG*U/NRFF2
01R7 IF (XLI!G.LT.0.0001) GM T'R 250
o188 1p(J)xFSIG+(J/NPEF2
11l89 GM9 TM 250

C
C USE FITHER MIN(TtiRSHCO) M9P MAX(THRSH)-0) REFERENCE CELLS
C

01Q0 235 IF (THRSH4.LT.O.O.AND.UL19W.LT.UUP) GI9 T1 2400
o101 IF (THRSH.LT.O.0.AND.ULRW.GE.UUP) GI9 T19 205
o.192 IF (THPSH.G7.Q.0.AND.ULJLM.LT.UUP) GI9 1'M 245
0193 IF (THRSH.(rT.0.n1.ANO.ULMlW.GE.UUjP) G." TM. 200
fvt90 2')CLI UUL 0 6
1)195 YmSx~t4SL~w
( 196 GO TR 208
0197 205 UxULJP
0198 XmSx~mSIiP
Uaq9 248 0n(J)Sgl/NPEF+FSTG*SQRT (XMS/~JRpF. (L/~iRFF) **2)
0200) IF (PAPM *GT.I.5) GP TM 2150
0201 0(J).FSIG*U/NiREF
('202 IF (XL1G.LT.).O0011) G19 TM 250~
120 3 rl(J)zFSIlG~IiftIQFF
("200 250 CMNTINlIE
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C
C DA LnMP FIR OFTECTIRN IF CENTEP PULSES

0 2 0 8 ITzIl.1
1209 ND~ET3(NTARm!~D~I:TT

n2to IF (TMFRGE.E(0.1) ?IEP3(NTAP)u..1
u21 I RANGE3(NJTARTTeI,")E):RS.(I+.*)*I4ES
o;?t2 AZ3 (NTAPITml')u~A7IM

0213 ~SN0FT3UNT6R, IImml)E)=Sum(T)
0214 IF (XLmG.GT.0.Ufoo1) SNnET3(NT'AP, II,M1(,'zN3DB*EXP(SUM,(T)/N3D0-)
'215 2AI C'MiTTNIIE
0216 S280 FMPM4TC1Hn,l SUM AND' THRESH~Ln a ',r~y6Ft2.4)
n2l7 IF (IAZ.LT.3) GM~ Tn 28s

C
C CHECK~ FMP DETECTIMNS
C

0218 IF (TI.GT~u*1!R.UER3(NTAR).EQG.-) GV Tim 300
0210 ~IF (ImERGE.EO.I) "FR3(NTAP)m-2

n22n coO RETUPN
n22 1 END
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rAI S'8RP IUT I 1F FXCLT 3
1) 0 2Cr4I"N IJC'#ET'kMGTT1-~F4)I ,mMfE (30,'(,)

I PT,PTfIVR~ ,T'lP.PAI)IANTAU(3fl) ,nSTAPDqt (3n)
p 9 YZI (20,0),XYZ (20,4~) ,TPGPISCn.7) ,SIGJA'Ic21))

3 *SIrGTAP?(20,3) FHV(2O),PSIGMAAH, ISWIT, TEI1PWR
l ,SHIP(q),RC(30),R~!~nE(30, 12),Tm~i)E(3(,2)

~fl03 C~MMA'l /FCIN/ N,PRIB,RS,RF,THS,THF,SIGA,sIli% TSFT
gOflaJ C 4MMIMN /FCPT/ P(1 (1) ,AZ(100) IRAN CLJO')) ,%.;~N3pN1J
0 0 5 CmmM~N /CLT(fLUT/ RltUT(201 )pAZfLAT(2O01),EL'!tJT(201),TflUT(2n1l),

I 0LOLJT(201),tPTUT(201),SMIJT(201 ),NC(100),ICIV
((006 ~COMMN /STABIN/ RmAX,PmAX,RFAC,PFAC,PHASF(2)

C
0007 ~~ICzO

000A IF (N*F(G.0) GO1 TR 15
C TIHZR IS THE TjmF OF Tm.E ZERO REAPING CRMSSING

000 Q TIMZ~xT*3600.
C TIMSCN IS THE SCAN TIME IF THE PADAR

0 0 l 0 TIMSCNzRmMDE(1 ,5)*36U0.
C PES IS THqE RANGF GATE SIZE

(1012 CALL SFTVP(ISET)
0013 CALL VPANF(PANpNi4)
00(11 ISET a 2107U83647.*RANr1)
0015 15FT x 2*(ISET/2) + I
o001 6 DI p2n I1,lN
0(117 IF (RAI:(I).GT.PRRl4) GM Tm 20

0019 NC(IC)uI
0020 T HaPA N(I+N) *T w RPT
(1021 RAYvS0PT(-2.*ALmG(PAN(INP) )))
0022 Ksu(R(I )+SGrP*RAY*CeS(TH) )/RES
0023 R3(JT(TIC). (K,0.5)*kES
0024 TMUT( IC)sTImZBTIMSC'4*aZ(i)/TWMPI

C
C CGENEPATI14 IF PI9LL AND PITCH
C

o0p5 RL~LIT (TC)UPMAX*SIN(TOUT (IC)*PFACDHASE( 1))
0026 PTflUT(TC)UPMAX*SIN4(T6UT(TC)*PFAC.PHASE(P))
10027 CRxCAS(RL~"ilT(IC))

(029 ~~SP*S TN (QLUT(IC ) )
0029 CP*CmS ePTMtIT C C))
0030 SPcSINl(PT00T(IC))
0031 aA:AZ(I )-SHIP(s)
o032 ELvO.
1(033 TE30.
(1034 XsS5J((AA1)*CR. (CeS (AA)*SP+TE*CP)*SR
(.039 YaCMS(hA)*CP-TE*SP
0036 &AATANP (X Y) 4ThW'PI
'(037 EuAPSI(;(CR* (C(RS(EL)*CeIS(AA)*.SP.STN(EL)*CP)-Cf'S(EI. )*STK(AA)*SP)

C
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C GENERATIMN nF P'EASURED ANGLES
C

00)38 ATFMPXA+SIGA*RAY*SIN(TH)
f)039 ATzAm'P(4TEMPTWtPT)
(0010 ET=E+o.5*RC(5)*RANUt+N3)

C
C CMRRECTIMtN eF ANGLE MEASUREMENTS WITH RMLL ANO PRTCW,
C

0041 DzCP*Slp (ET)+SP*SIN(AT)*COS(ET)
Oop xte-SRA*SIN(ET)+CR*SIN(AT)*CMS(ET)
n04S YzCP*CMS (AT)*CnS(ET)+Sp*D
01oi 4 AMxATAN2(XYIl+Tw6PI+StjP( t5)

(Otis AZmUTCIr)XAMM9D(AMTWMP1 )
I004 ELMUT(TC)ZARSINICSP*CIS(AT)*CeS(ET)+CP*D)

C ********* NEED TRl GENERATE tUTPtlT PeWER ****i********
^oa7 SlUT(IC)z55.55
e013 20 CMN TI7 NUE
fn 0 4 PRFTIIPRN

C
C INTTIAI TZATItN IF THE CLUTTER RQlJTINf
C

p0sO ENTRY FCTNIT
v('0r READ S',uISEbwtPRiPRSRFSIGRTHSTHFSTGA
ons2 50 FtRM&T (2I8,7FS,2)

C
C ISET IS TNE INITIALIZATTMN NUhPER FIR THE PANDRM NUHPEP GENERATeR
C N IS THE NUMPER MF FIXED CLUTTER P(PlRTS
C PRMR IS THE PRMPABTLITy THAT THE CLUTTFR PItNT IS PETECTEn
C Rs IS THE INITIAL RANGE MF THE CLUTTER AREA
r RF IS THE FINAL. RANGE MF THE CLUTTER AREA
C STGR IS THE STANDARD DEVIATIMN IF THE RANuGE hMEASUREHENT
C AS A PERCENTAGE MF RANGF RESMLUTIMN CELL SIZE
C THS IS THE INITIAL AZIMUTH (IF THE CLUTTER AREA
C THF IS THE FINAL AZIMUTH eF THE CLUTTER AREA
C SIGA IS THF STANDARD DEVIATIMN IF THE AZIMUTH MEASLIPRENT
C AS A PERCENTAC.E F H I't'ZRflNJTAL 3DR BEAHWIDTH
C

on53 PRINT 55,ISfTNRPRRRSPRFSIGPTHSTHFSIGA
05es 5S FMRMAT (IHOl FIXED CLUTTER 1,2I8,7F8.3)
!055 CALL SETVR(ISET)

C
C CALCILUTIMN MF RANGF CELL 0ImEeSimj
C

0056 RESzTAUtl)*3000O1,./2.
0057 RFSzPES*3.2IRfl/6.u

C RCCIo) * RFS : RANGE RFSMLUTItN? CFL.L SIZE
oQS8 RC(lQ)mRES
'105q IF (N.tE.0) CM TM 15
oObo RSZRS6*u)5802
O0tl RF:QF/60t?
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00b2 7H$:TIHS/PADT AN
ot)63 T'4FzTHF/PA0jAN

e065 SlGP=S!Cdk*PES
IF (I,,.(CT.100) NzI1OO

00b
0 070( CALL VFANF(PANNNP)

1)671 ~ISET a ?IJ7LI8364i7.*RAMC1)
0072 ISET = 2*(ISET/2) + I
0073 L0M 10 Tz1,N

U0(7r )U AZ(1luTHS4 (THF-THS)*RAN(I+N)
Q(76 115 RETURN
0077 END
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("II(I SURPPCUTIME INITAL
0002 0I)IENSTON A'~r)F(30,2)
ono 03 C~MMM9N NISCANNEXTN(II4TrTT, flLDTENrTIM4 oSMM0E (30.20)

I PT,PIMVR? DTwnPIpPAD)TAI¼TAUJ(3n)n.0STAP,C'WL(30)
P XYZI C20,4J),XYZF(20,Li),TQCPPS(20.7),S!~JaM,(2n)

3 .SIGTAR(20,3) ,FHVCP0),S1GmA~, I.?TTEPWR

.)1004 ClmMmM18/ ENIVIPC10),SUpC(3o) ,REtCN4,CC~,,AC6N,BFTA,

0005s CAMH~N/T/ PBRS,HMFK,THETF ,D.,TWN-,THs4TV,GPJ

C X Y Z SHTP CIMPDINATES
0907 READ sc', (SHIP(T)pIul,3), SHIPM5
flOng 50 FMPMAT(9F8.2,IZFE,.?)
000Q PRINT 500, (SH!PCJ),Iai,3), SHIP(S

0010 500 FARMAT(/,$ SHIr x,y,Z, CtRPDINATFS AR~E 1,3F6.3,8X,'HEAC'TNG ISO,

ol I 2 ~ DI 3fi 1:1,3
C0,113 ID 5HIP(I)mSHIPCI)/(-..802
0ii1O Prx3.141SQ?36536
o0 1 5 TW9PItPT*2.0
0016 PI1OVR2 *PIi2.0
V0 1 7 PADTAN:-57.?957e
001A SH4IP(0)wSQPT (SHIF'C3))
0019 SHIP(S) a SHTP(S)/PADIAN
0020 READ '5n, (C(I),Iu1,9),NSCAN,PPLPZ
n021 IF(NSCAN.LF. 30) GM~ TO 10
(in22 NSCAN' : 301

PR INT 501, PRC( II x I 9~ "SC A N #P ILPZ
01025 501 FMPMAT(/f 11 BASIC RADAR PARAMETERS APF ',9F8.2oT4,F6.2)
O026 PC (4J)PC (4)/RADIAN
00(27 RC ( 5) PC (S5) /PAD IAN

(10?A ~~THH=PC (L)
0 219 To4V=Pt (5)
1030 U)lf.*Pt,/1)
0031 GNuRC(6)
00312 PC C3):1.**(RC (1/i0.)

n ( 36 DRIDm'd u CMC7*RCf7)
WM rl~~0 I O j : I N S CAfi.

C P9E1S IS USED AS RADAR SCA PATE FnP ALL MIDES

* ,F Rm (fJ , I P) ,0LcJSmIIS mlrE rJ , )
SI F ( PelA T(fF 8 .
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0041 MPFcPMF
04) ( PR INT 51 I# Jo(RmerE(Jo I) PIn It8) PI DE (Jo I) P1M~DE (J II) ,UPCCJ)

O(U3 1S11 FMPMAT(/,' 16 M~DE I,Tp,l PAPA"ETERS APE ',8F9.3,IP,,,50Y~bFq.3)
volla ~ IF (PHMfDF(J,5).GT.0.0) GM9 TO 55

j III's PmnDF(J05)m10.0
01 146 55 R¶IMDFCJ,l):RtlRDE(J.1)/pAflIAN
nfL.7 PmmDE (J,2)xuRMDE(J,2)/P4DjAN
400l8 IF(S".EQ.0)SMwRmOEW(Ja)
(049 SMMDF(J,I3:l50.*SM/X 4MTe~
1) 0150 S14MflE(J,2) a 0*(MD~,)1.
0051 SHI'DE(J,3) a PlIF
0 052 RmmIOE fJ,5)UR`4Or)E u's5) /3600.0
fN1)53 RmM)E (J,6)zRmMftlE(Jv6)/36fO. 0
:10504 DF~t(J,0)zR'M'E CT,0)/MTLIIRN

00 56 Rmr~DF (J, 3) =RMRDE (Jo,3)*m ILI MN
0057 TAU(J) 2 RmlJ0E(JP11)/MTLIA'l
)05A IFcPm~r1E(Jl?).LF.0) RHM4DE(J,12) z I.u/RmtmDE(J#1l)
11 059 PHM(DE(J,[23 x PMMDE(JPI2)*MTLIjMN

006 1 R'460FE(JoI I) U f l. ** (P4F )
o062 SLIRC(J m I0.**C-SU83C(J)/I(.3
(If(163 60 CMINTIN~UE

C
C READ) IN PARAMETERS FOR mMVINrG WINOD,4 DETECTOR
C PCf15) a NPEF m NM.* REFFRENCF CELLS ON EACH4 SIDE liE TARGFT CELL
C RC(1'6) x CI9R a CLUJTTER COPPELATIlk, CMEFFICIEN4T
C P C 17~ ) F SI G aNM* STANDAPD DEVIATIONS USED IN THPESH!'L.D
C RC~(19) a A78f3P a AZIMUTH OFFSET PFT'wEEN REAM POSITIO'iS
C PC(IQ) z kFSML'JTIMN CELL SIZE (CALCULATED)
C 1kCcPO a XtMG aVIDET TYPE
C 0 LINEAR VIDE5

C 1 LOG vInER
C RC(21) THRSH U % OF REFERENCE CELLS IJSED
C 9 ALL CELLS USED
C < 0 SMALLER HALF USED)
C I. 0 LARGER HALF ljSED
C PC(22) a PARM z PARAMETERS USED TM9 CALCULATE THRF.SHRLD

C I MEAN USED
C 2 mEAN AND VARIANCE USED~

C

1104)5 70 FlP AT(I0F8.2)
(1'166 PRINT 700, R()I:51) (RC(T)pI=20,2;.)
900S7 7011 FIRMiATMH0,1 ADD)ITIONAL RAnAP PAPAmETERS ARE 1,7FQ.3I)

C AZIMUTH OFFSET FROm DErPEES TO RaDTANS
(11) 68 RC(1P) z WC(18)/PADTIAN
(I Q PF~R TUjRN

o97n 
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SIlHR-1'11V*E I'qTT3C C,,AZTN!TT)

c THIS RMUTI~if S-~I'Lr., BE CALL ED AT THE HEFCTIJ0~X, IP F ACH 0Ar, VFOR

C SrAN'. IT CALCULATES THE INITIAL PEA4 PfISTTIJM~ ANn ZE~fS THEI

C FMLI virr ARPAYSI PER3, !KY ANIr tJ)ETA

ol)02CMIrMht 14C~,ETk~TG,,L),~T' ,S'1fl)(30,2V)
I PI,PIvVP2 ,TA IPIAtTAK,$TAIU(3n),FlSTAP,O4L (3()

3 ,SirTAP(2(,,3),FHV(P01),STGm4,TIS~TT,TE-P'R

I S!OET3(?0,Q,3C) ,TIH4F3(2o),TKY(2O))

C JS TUEF NUHHEP MF TARrETS

C AZINTT IS THE INITIAL REA'! PmSITTIm FM THIS SCAr]

C 6ZPAP Ts THE AMAUTTH MFF SFT HETWFEN 4ZI-'LJTH HEAH PPTI. .

AZARP X PC(1'3I11 o 9 CAJ.L VP~ANF(AM1IT, 1)
30 ) t AZIIITT AZIfjIT*A7e8P

(1110 Di' ~, I at, N
(VoR HFP3(1).fl

0 10 oI f) J:I,"NSCAN
coll 10 N!)ET3(T.J)mo

I 1 3 E N C
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0-oj I $IIiP~l1T1NE m~nT3r), (PES,PNTH3rRFL3CF;)
01(p ~C'M-imJ NSCAN,NEXT,NUMTGTT,~LDTEN!rTtNI ,SP49E (3l,?()

, SlTAI(20, 3) ,FHV(?O) ,siGM~H T5wIT,TFMPWR

noo(3 C~MMMN /MEPSET/ flFTPARflIU0,Ll)
0004 ~C~MMMN /D)ET3I 0t(03),E3PlA/EC),,0 &32,,~

SI V T3C2f'pQ#3') vTIME3(20) ,IKEY(20)

9V.0s CMVIMMN /DtET/ NflFT(20),MAEP(2n) ,RAlifF(20, 3) ,AZ(2O,b),SNCET(20,3) ,I E~~~LEV(?0r3,,TIWE(20)
C
C RES TS THE RANGE RESOLuTInN

N IS THE NIJHSER MF TARGETS
C TII3DB IS THE AZPIL'TH 3.DB ANTENNA REAMi10Tr)T
C EL3OrP TS THE ELEVATIaN 3-08 ANTENNA PEAM-AIDTH
C
c THIS OMRiTINE PES~vES ALL "EPGI,'c. PRmBLPS AND MAKES THE PISITIRN

C EST14iATES FMR THE 3-0 RADAR. THE APL SYS-1-fl LMGIC IS USED.

C SPECIFICALLY, THEPE MUST BE A GAP IN EITHER RANGE, A71mUTH, MR

C ELEVATIM~N FfP A SEC)MND D)ETECTIMN TM" RE DFCLAPED
C
C

C
C FIND FIRST UWI"LSEI) DETECTI6N FMP TAPGFT .1 <TAR
C

0007 ~~DM 10 JX1aNSCAN'

QoOR IF (NDET3CI'TAP,J).GT.0, GlM Ti" 15
(o009 10 CINTINUE
( 0I)10 ND)ET(I(TAR)uo
(Olt MFIPCKTAk)cMEP3CI'TAP)
On12 TT4E (KTAR2:T ImE3(KTAP)
n313 GM TM" 1000
o (Ila IS 11:0
01115 20 Kai
(01~I6 JJoND)ET3(K<TAP, j)
00117 0ETPAP(K, I).RANGEI3(KTARJJ,J)
nl~tA DETPAR(K#2)z AZ3Q(TAR,JJJ)
111119 DETPAR(K#3) S RM~DECJ,1) + RC(S)/2.
11020 DETPARC(K,4J)uSND)ET3(KTAP,JJ,J)
01021 NDET3(K(TAP#J)=JJ-1
0)122 25 KSTAOTXK(

C
C FfNO) ALL ADJACENT DETECTIIKS
r

1)023 DA" 100 LTAR:HTAPOPj
11020 IF (LTAP.EG.kTAR) GI" TM 30
0025 IF (wEP3(KTAP).NE.-l) GM TM 100
0026 IF CMEW3CLTAR).NE.-l) GM" Ti" 100
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J J : I ETlF CL TAP, J)

CALL A))JOET(C S,TH3p6,EL3DE,,X,1E4,Jjot.TAP,TPJ)

6!0ET3(1TAP,J)=NE"JjY
t05 C P)tlT I ,LUE

IF ('C.C~T.KSTART) G~ TO~ PS

ESTJPATF 'F PMSITI?!N

IF (TI.,T..3) GM TMI 4(G
NfnET(K.TAP)gll
T IE(K TAP I:T IME3 (K T A
l-AFP(l<T4P~smER3CkTAP)

SN.0
SP:0

SF~fl

FMAK:1 f00100.

r0m ?00 I:1,K
SR:SP+('FTPAP(I,1)*OETPAQ(T,LI)
SA:SA,~TPAPW(J,2)*I'FTPAR(T,Pi)
SFvSE * 0ET PAR (I, 3)*OF TP~A P CT, P
SNzS1,+O.ETPAk( I ,()
Eq4TNzA"P~j1 (EINVDFTPAP(Iv3))
F MAX: A l1AX I(EM'AX,')FTPAP(I,3))

Sl~A~A~IAI(S~IXF TPAR(I, I) )
Pflm CRNTIN11F

A7( 1ITAR, II):xA/SN

FLEv(1(TAP,II)xsF/sN
IF (5F/S1j.GT.fL3f38) GM TM 210
ELEV(KTAP,11)=(EmAYEMIN)/2.

21 O~m 20 J:I,Nsr.4N
TF: (DF.T3(K(T6PtJ).GT.0) GM~ TM 20
r I K ~T IN j1 
CF TO, 1000

un" F 'P 1 NT ~50,,I I ,IT A R
tz ) FmPmAT (IN)',' T H E F A PE T I M A NY F TEFC TI tS I'

JTAPG~F-T '.13J)
1900( CPJNTINdJE

PE~ THPNI

EN!r

rir-

,T5v,0FTECTI!~S FIR)
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0 ((I ~ SU~kkNJTTK'E STAR3

I ~~TMlANF(p2U),XMhNT(C21,3) ,X~mANF(2o,3) *GTLIPNC21flTI.1~(2(~),
C"(20..2) ,PA0D4(2)),TTYIOE(20),ALT(2(,5),TALT(2fl,5),IJALTC2?uI

1 ,PT,PIfVP2 ,TAMPrT,RArIAN,TA't(30) .0STAPr,r4L3fl )
2 ,xYZI (20,4) ,XYZF(20,J) ,TGPrP1S(2f-,7),STGJA"'(20I)

a0Ou ~CM-MN /r~ET/ N T(20),MEP(2Oi) ,PI~AGE(20,3),AZ(2(1,b5),S&O(FT(20,3) ,

FLFV (20, 3) *Tt~'E20)
0)0 5 C ! / !~ STAR./ RALL(2U),PITC4(201)
qUl)6 rlm~m /STARTN/ RmAW,PImAX,RFAC,PFAC,PHASE (2)

(0008 IF ('~10FT(I)JO:.0) GM Tm 3fl
oppoq K2Nr)FT(T)
o (I 1 PILL(I) xR4AAX*SINrTIMAE(I)*PFAC.PHASE(l ))
01.)11 PTC()~A*T(~m()PA+~S()

llot3 CR=CS(PIRLL(T))

,,)(Io CPvCOlS(PTTCH( ) )
(l 1) i SP=SlT.,(PITCH(Il)
U016 AA=TPGPMS(Tp5)-SHTP (5)
0')17 EL=TRGPlS CT ,#)
oAlA TExTAN(TRGPMS(I,6) )
0 ("I9 1(:STIP(A& )*CQP+ (tMS AA)*SP+TE*CP)*SP

311?) ~YaCMS(AA)*CP-TE*SP
AxATAN2(W ,Y).4TAMPJ

)n22 EzARSI'i(CR*(CMS(FL )*CAS(AA)*SF+SINCEL)*Cn~).CIS(EL)*SP~J(AA) *SP)
10(23 2(1 PI 2S JI,K(

C
c GENEPATT~'N 'I ~`EAS'!RED ANGLES
C

CO'- ATFl"'rAZ(TJ) 4&.TRGPflS(T,15)
n o 2s ATxhllMI~(&T'Eml. tnFI)
jidpb FT aFLFV(T,J)*F-EL

C. C~RRECTTMN MF VaC~LE M4EASLJP1~EYETS WITH~ P14LL AND PITCH4
C

ol?7 ~~r:CQ*3TN (ET ).Sq*STN (AT)*CRS (FT)
nn?9 Yz~-,SR*SU')(FT ),CR*STN(AT)*CImSCET)

(1029 YmCP*Cl'S(AT) ICAS(FT)+SP*)
u I 3 1) MA raT A2( X , Y)+ ,T PT I SH IP ( 5

o 12 ELFrVCTJ)uARST',(-SP*COS(AT)*C~1S(FT)+CP*0))

o(35 RFTfP'
C
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JT,4 ri AL I 7a T I ~

tj '% 3hEI)TPY STRIPNr
C
c RMXIS THE "AII~ QPL~L ANGLE
c P'4AX IS THF "'AX!HT

M
I PITCH ANCLE

C PPER IS THE PMLL PERI~r
r" PPEP IS THE PITCH PENT~t'
C

o01)7 READ ti(), PMAX ,PmA),PPEP*PPEP
50 FMPM1AT (UFS.2)

i)039 PRITJ ~5', W"4A, PPAX,RPER,PPER
2

b'1'JO 551 F M PW'AT ( I M A, ' LL A~n PITCH I F 
~~0'41 P-AX=Rl'AXPAr)IAN

f0 4 2 P 4 A X c yP AY/ A C T A 
o0413 ~ RFACztw~PI/QPFQ~
oo~~ju PF AC=T .mPI/VPFP

o~ljr3 CALL VPAhF(PHASE,?)
f~nls'4 PHASF(l)mT'JMPT*PHASEI~l)

PF TIWN
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n " I SiIQP ML'T I NE VP CL T3
'1(02 CMfl'NM JScAN,NjFXT,IuMTGT,T#,ILrT#ENtTpI ,SNDE t30,;e)(

1 PI ,P~IVR2 ,T'OpI,Phfl)TA~,TAII(3u~) ,(STAPI)WL (3(I)

3 ,SIT(7ARCPDo3) ,FHV(20) ,STG.'AM, IS(.ITTEMPPWP

'I ,SH!P( PFG,FC(30),PSlIEC),R12),ITHSE(30,)pF(,LS5PF5
1 ISFT'P 1) V 4Ct"llm /VCLT/ F,12,PAN(3n5)#FLA-~(S)

IPLM.)T(20I),PT~IT l(201),SOIT(?O1 ),Nr (IOC),IC, IV

C

O (w O 13IF (IfREG.E.O.0) GO Tt cig
OuOQ CALL SETVP(ISEI)
onto CALL VPAP'F(PAN,3j,5)
ullil ISF~T a?1u7483bO.*PAK.c3u,5)

0012 ~TSFT c2*(ISET/2) + I
C T7P7RP TS THF TIME MF THF ZFRP PEk~llNG rPmSS~IsI

0~(fl3 T7l'7P:T*3E600.
C TTN'SrN IS THE SCAt~ TPME MF IHE PAt'AP

C FS TS THE PANJ(E GATE SIZF
1)015 iRFSsPC(19)

0019 IF (TPAN.GT.302) Gn 7~ 30)
0020 A: TH'rS(I)-FLA'(I)*ALeG(PAk(IP&NJ)I

o(21 15 IF (A.GT.THF(I)) C." Tfl 20
0022 IV:ITV+t
1*023 AZMIll(T(V):A
flu?(J 'x(PS(I)4 R() S()*IA.,/E

00(26 EL~tlT(1V):ELS(T)i(FLF(T).ELStI) )*RANCTPA~1+2I
CO?7 Tf'UT(CIV)zIIMZ03+Ti'~SCN*A/TwR9PT

4) UP A 1 LtIT 3V)ZmAX*S1?,fTlUTCIV)*0PACP14ASF(1 )I
C(v29 PTtWUT(TV):PMAX*SP'.(T9U0T(lV)*PFaCPH.ASF(2))

0031 ~~TP AN:lh k4 3
I- 012 ~ IF (7k ht *GT *3'2) Gm TM 30

20 C CeTI

C (Ab 30 PFTUPf,
C
C TUATTALIZATIM1'
C

vo37 FNTPY Y'CINIT
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PF A I 5(; ISFT , '4O

c ISE T IS THI Pi ITTALI TZAT I (N N-U!H1EP OF TPE PAfrJ4 ~"J-RFP G)E? PAT MR
c PFaGl r S THE N LI Nf;F P OF CILUTTIF PFG VNS -

0 ~~PPI N 55 , ISE T ,I'PrEG
0 0 j I 55; F~Pt`I'A (IHIO.' VA~eIABLE CLUTTFP 1,2I0)

(oL2 I F ( 1'KR EG .E O). C G IO T 1 QS
o i ~~I(F (NPFG.GT.5) NiPFrC5
U0444 PM IxU1FPEG

C01!, SI F~?PWAT (7F8*k)

c Fk IS TH~E AVEPAGF NUMB8ER IF CLUTTER POINT PER PEGTf4N
c PS 15) THE INITIAL RANGE, OF TWE CLUTTER AREA
c PF IS THF FINAL PANGE OF THE CLtUTTER AREA
C T'WS IS THE INITIAL AZIHIJTH OF THE CLLUTTF;R AREA
C T'-F IS THE. FINAL AZIMUTH OF THE CLUJTTER AREA
IC ELS TS THE INITIAL ELEvATION 'IF THE CLLTTEP AREA
C FLF IS THE FINAL ELFVATT~k' PF THE CLkTTFP AREA,

fjoap 56 FM~PMAT (25X,7F9.3)
C(00 PS( I~xRS(T)/b.0();!
GOSO RF(T )*PF( I)/b*0,('2(IOr~l THS(I )cTHS (I)/RADIAN
ou52 THF( I~:THF(I I/PAtTAN

t10541 f~LF(JI)mEL.F r )/PAr'lAI,
0(55 ~ 5 C MPNT T N!) 

o00I56 r tO T -lIHRE G
01257 10 FL.AH(T):(THF( I)-THS(I ))/FIN(T)

0 0 C~ p 5 R ET LIPN
0 O SNJ
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Appendix D'

PROGRAM LISTINGS OF ROUTINES COMMON TO

BOTH VERSIONS OF SURDET

f-0( I F JCTP-f. HEP(~-AfETAkAK~
"('2 C'~~~~~ ~ ~~~flT,ENrT~m ,5"'f)E (30,2'(3

I fI.PI(mVP? ,Tv(PT,RA(~TAN4,TA1I(30) ,r)STAR~tr.'IC3Ir)

,SJGT&R(2,3),FHVC2l) ,.5GAN,!Sw~TTTEMAPwR

CN~~4I, PBRS,HIFK ,THT DPM',HPT~
jI~ou THr Tb=F.7A*ALPHA/RETA

IF (THlFTA.GT.l.nE-b) GM~ TP 2',
S T NCz I*V 

it ~~~GM T'" So
~oo9l ?o SYNC SNT TA TH A) 2
.'lI 0 $I nce a" AY~ I(flpr)WI,,. '' IC )
Iloti I F(A~ii(THETA) .r-r.3.1415Q)STIN -:r'qrIdN
l)oJ? GA TM 30

jlfllj UFTF"' * .Pq

((I'.5 H-)FK c .2*TER+JTTFR*TES+.*CS*CS)
c-o1b TF CP'RSeAl.HA.G1 *HMFK) Gm1 Tl5
0017 TF(ARS(THETA).GT.I.F-6) GM TrM 559

V;)i9l Gf ' T 30
(10po 5!5 S1p'c z CsIN~(THF~TA)/THFTA)**2

1,021 GM~ TM SO

'3(23 TF(PAPIS-aLDHA .LT. R(4 )jEUJfAIT,?)) C.M Tl 60

n 215 CG TM' St,

Ž127 THFTa x .A*WF:PS/-F1
!) nI A T ( SI li( TH ETA*r I ~S- A P H 2

o*:i1 9 30 C RE'AM ST'4C
o-03( 65 C)'N-TW;F'

1J(t QF TIJ~r;
(02 FND
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N~~~~fl1E4S .Hm(CTS(7,b,2) ,VINGTS(7#fsP)

o~c A 7FIlIVAL.F.'JCr (H-4GTS,S!G0H(1 *Ll)

11 0r. A( 8T AI ib' at LrPAL.,RL q LrF P E 'J0*t)

co fQ r)ATA ?~O / 7,t,5;/
e'fl~fl OAYA l(PAP l2'.

.0fl i)ATA SjCTH4/

I-A. -I (I .* 8. ,. -F7 .,-7?. -7?4.1

* ~ ,-55. 6555.,.
* .7~~~*,-75* ,5 8~~~,55q., .LIM.,8.,tJ.7

* ~~~~6 37 -4*fb..2 , 70 

* .~~~~~~-b". -76. ,-48. -61 -68., -68

* 87.,~~~-7 R.-6.1. ,-7,5 .- 5 .

* ~~~~~~-7? ,-?. -SQ. -5 , -536.,-1 .,-'6.

* ~~~~~-Sr.,-b7.I,- -4(e. -3 I.3q.

* -8E~~~~~~~. I du..73 -70,-b65 ,-665 ,-66.
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* -~~~~7 6, -76 .r-62. p -6(J -SA. -15A. , -58 *

AND. N-70.t DAN ).LE . ,5!I ,SI l GI. TMlj6.

001 PA~l)a ~4A , OI,A-OP., *j3*PF *3503.. ) 0.

(019 PAPft m-AmA-l(.,A-3~jX35.Aljp. .) ?e
3 1

.

00? V 1 i Iz1 -5, -0,-0.6 ,6 5.,0.
0 1) 2 2 Mr) a1, 53 ,-2.* .N.* 05*, 03 *ILi1.

(q) 23 rI M55 -3.,M9,.5,, v -3,,7.
0024 TF(PAW( .,.GT .x PT,K-o3m. T ,- 0.,3.,3.3

I N3 ( ~l,31.,3 ,E1,W 22.

f'015 DA~~ 0C VTA ITI i 2525,,...?5?5
ft

ftH CKF 1,.17,,, XI 7,T ,7NI,7,T
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C
C
C C A C01 OIHTF STrMA ?Fr
c

0 12 1 F (I ,CI X(I I).E( I KDEK(X ,2).AN .INDE Y( 2 I )F Q TNDE (,2 2

STGZ 0

003 6 aI . xi A 

V C) 4j TT3 z I NOF X( 3, K )
(Io 11 1T I P c TNDFX(1,3-T)
(I VA 2 1T2P :~~X23j

00 Li3 JT3P I NDFE k( 3 ,3-1()
SIC.ZP uSIGZP + SIG0V(jTT1,T2#!T31*

*AF;S(XPAP(1 ,ITlp).PAPCII)**A'i$fXPAP(R,IT~pP)PAR(p, )*ABhS(yD&R(0,!T3P)-PAR(3) )
o n 415 0 STG7Z z STGI+ STG44(IITI.IT2,I73)*

*AR;S(YPARCI ,IT1p)-PAP(2) )*

*Al3S(X0A~t3,IT3P)-0ARC3))li 0 (16 SI(TN x I 
('1) 17 0t9 80 1:103
o)u L 1 ITt : BuDrEK(l,1)

11050 lFCYPAP(I.JT1).E(1.XPAP(IIT2)) GP TM 80

0 r.3 SIGZ v SIG-Z/SIGN0 s 41 STGZP z SIGZP/SIGtl
10e56 50 C~ldTPNL1F

105 8 IT?: JNCFY(?,1)
(") S Q TT3 z I~r!EX(3,l)

(on6o 0 Sr = SjGojH(ITl,1T2,1T3)
ofl I ST(.ZP r SIG0V(ITI,IT2,IT3)

2 6 0 C M N T I N E

51Z S0QT((S7G7*C!SrAI~jr))**2 + (STGZP*S!IN(ANG))**2)

0 6 7 ~ 'l DPRLCPNLPZ

V ( #I q LrFPF:XF AF

iG0 7 ( 65 PFTilrN
'171 ~ FN
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' )0I SWRRM~lT TNF E'IVTRN
0 0 ki 2CWMII(%N NSCAN, 4ETNUMiTGTT,MtT,FL~rnTp4 ,StlDE(3,

I ,p!.PIMVP? ,TA PT,RADTA"JDTAU(Vll) ,tSTAP,DAL (30)

- STC.TAP(2t),3),FV(20)pSJGMAW, ISLTTTE"PwR

O TP (2q ) ,PLRZ, TKFYF, XKTM-S ,XNJATIITA PC S ,VL ,: P PTCPDFPT SO
CI'M//FCMNXJA~qN, TKEYJCG,KxExx

9n() FMPMATC/,l 'S EN~VIRPMENTAL PARA~TF2'RS ARE 0,'SF8.2)

01110 ~ENV!P(P) =E'NVIR(2/6.*i902
Wrill STG4AH S U~6h7(KASEVPl)*P('MI*NIC)I.

0012 QFTIJFN
9 0 1. 3 ~~E ?4.'
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c JTAPz TARGFT UN'DER OETECTIMN
c ITAP= TARC~ET FMR *HICH FIELDl ATPENGTH R&TIM. IS TM RE IFTEDI"qNFI
c

0 2C 01 N ~iCNNYtMGTT!r)r~~T *5MOfE(30,p(o)
i 9 PT ,P I MV P2 p , MPI A , n I A N rT A !.1 ( 3 f,r ST A p . nL ( 3 1)
P xYI ?(-P(,),Ky7F(n,4J),TPCPMS(?P,7),SIGJAt(20)

A SICTAPt(fl,3),FH4V(20) ,STGMIAH, S~T~.T,TE~IPAR
' SHIP(Q),PC(3u) ,Rm~0E(3c. 12),J'~'m0E(30,2)

(onl3 CMlJ//ENVIr (0) ,SIPC (3e) ,PF,CNH,CC~l'k.4C~,PETA,,
* I)!'TP(20),PMLPZ, TKEYF,Y'(TmS, XkTMT,T&PCS,*VL,FI~PTO,-,PIS0

0005 C~MmmN/IT P90S,HAFK, THETAK,0)P.C..THH,THV,rnN

("fl7 GAINP : S(PT(F1'V(ITAR))
(,((.A RfETUrN

((((:09 1 0 C M "'T T N (I E

(''(11 ALFV C (?*RA*IPTCSS/(R~SIA,)XM~)

(0 015 3 0CINTINI 
()olb ALFV z 6PSIN(ALFV)
;ii)17 ALFV z TPPSIA,)AF
i"1l8 OAV z SM(LAN(TPGPMS(JTAP,b)-bLFV)

0 ? n IF(PC(2).EO).1.' GM TO 20

:)O?;) GAIqp rPC(7)
,1023 PFT(JPN

c.((?6 GATNR u FI'*FV
f) 27CAI~1:' zAMA~l()RC(7).SORT(GAp.P))

0 R ~E TUP N
0fl ?9 r
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0001 SUJRRMUTINE JAM4(JTAP.EJEC)
0002 COMMON NSCAN#NEXT,NUMTGTvTtOLDTpENDTIM #SMODE (30v20)

r PIpPIOVR2 ,TwePliADlTAN.TAU(30) ,DSTAR,0DWL(30)
2 XYZI(20.M2 .YYZF(20,4),7RGPOS(20.7),SIGJAM(20)

3 *StGtAR(20,3),FMV(20),8!GmAHISw!T,TEMPWR
4 *SHIP(9) ,RC(30) ,RMODE(30, 12),IMOOE(30,2)

0003 COMMON/R/I ENV!R(1Ql) SUeC(30) .RE.CNM.CCM.ACMNBETA,
nlOTP(20) .POLRZTKEYFXKTOMS,XNMTemTARCSWVL,FOPI0GFMlPISQ

0,000 COMMeN/D/ ALPMAD#SIGZ.V#AR1,AR2#SIGC#SIG
0005 CflMMMN/H/FACMAMBN,XJA4N, IXEYJGPXXXXX
0006 CDMMeN/l/ PBBS.HRFlK,1HETBK.0S0OWNTNHeTHVGN
0007 CeMMiMN/TS/ISTAT(?0).TSCANJ(20,30)
0 00 Of joa.0
0009 FACTeRs WVL*wVL/FePISQ*RC(6)*RC(8)*RmMOE(NEXTu8)
0010 HR a SH!P(3)*XNMTOM
0011 HT a TPGPOS(JTAR#3)*XNMTRM
.0012 SL a DODON*0BDOW~N
u 013 AGAIN a 1
001L4 THETS a PC(S)
0015 PHIS a RC(4
0016 DI 20 JvlNUmTGT

C CHECK IF TARGET ACTIVE
0017 IF(ISTAT(J) sNE4 1) GO TO 20
0018 PJ*SIGJAm(J)
0019 SR a TPGPOS(J,4)*XNMTOm
0020 IFC(PJLE,(0.),AND.J.EQ.JTARI.eR.SR.LE.(0.)) GO TO 20
0021 OAHUSMLANG(TRGPOS(JTAR,5).TRGPOtSCJ,5))
0022 MAVUSMLANG(TRGPOSCJTAR,6)-TRGPeS(JD6))
0023 IF(RC(2),E0,I,) eAV a (P8SS.TRGPOS(jv6))
0020 IF(RCC2).EQ.1.) GO TO 10
0025 IF (OAH.LE.(1.13*RC(4)).AND.eAV.LE.(1.13*RC(5))) GO TO 10
0026 FHV(J)UoD8DWN
0 027 GO T0 1S
0026 l0 FH a SEAm(OAHNRC(U)vRC(2).0)
0(29 FV a SEAM(ftAVpRC(S)vRCC2)vI)
0030 FHV(J)oFH*FV
0031 IF(RC(2) *EQ. 1.0 *AND. TRGPIS(Job) *LT. RM"DE(NJEXT#2) *AND, FH

* GT. DRD0WN) GO TO 15
0032 FHV(J)ummAXIC0DmDWNvFHV(J))
0033 1S XJAmFA a FACTeR*PJ*FHV(J)/($R*SR)
0034 CALL MULPTMCJTARf,JFAC)
0035 XJAMFA a XJAM#A*PAC*FAC
0036 EJ a EJ * XJAMFA
0037 XJAMN a EJ
n038 20 CONTINUE

C CALCULATE THE EFFECT OF CLUTTER
00(3.9 EC a 0.
0040 25 SR a TRGPeS(JTAR,4)*XNmTOM

nt~~at 1F(FNVIRC1).LT.0) GO Tj 30
0002 DC a (I.-HR/#(2**PE))*SqPT(SR*SR HR*HP)I
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w)45 l~F(DC.GE.DSThR*XNMTnM) GM' TM 300 a u STNALF HQ/SR -SP/C2.i0E)
C~~ulq TrrS7NAL~sLT.0) GM Trv3

AltPHA a ARSI%(STNALF)
G0 li7 ALPHAD a ALPHA*RIDIAN rr

0 rl 4 5T E1,P c E N V I R( I) * x KM$(7 .5 /(E NV IR 2*x Nm T Im))It096A 2

0 o a 4 BEAUS a ACMN*(TEHP/XKTjlM5i**;%FTA
9mso Y~FPEi3RC(t)+DwLeNFT)

f0(51 CALL. CLTSIG (XFPF#FEAUS#ALPHAD,SlGZpPeLRZ)
ol2V a TAJNX)CM(.CS1LH)*NIM

oo0.3 THFTT mAPSIN((HT7-HP)/SQ - SRt/(?.*RE))
050 I1 F(PC(?).EQ3*l.) TH4ETI a P89S-STAR*XSNMT~m/PE

nosr, ~ SwTS 3 *STNJ(THETB/2.+Tw.ETT)
00O56 SPTS x SIN(7HETR/?.-~THETT)
(I')57 RAPm2 a SmT8*SMlTP.2.*HR/RE
00513 RAOP2 x SPTR*SPTB-2,*Hq/PE
o015Q lF(RA[)M2.LT.0) GM TO 26
0060 RMTA * 2.*wP/CSmTH+SQRT(PADM2))
00bi GM TM~ 27

n~b2 26 PwTp x I.E.35
00b3 27 IF(PAfP2.LT.01 GM TO Z
00b'u PPTR 3 p.*HR/q(SPT8,SQRT(RADP2~)
(0065 IF(RPT13.L.0) RPTS w I.E435
otibb GM9 TO P9
01)67 28 RPTR~ x t.E+35
0068 29 CONTINUE
(0)6Q RI a A~lNTfI1SR,DSTAR*XNmTeM)
o070 P2 x AMjNt(SR#VoDST'AR*XNM~eM)
0071 JF(RmT%.LT7.) PmTP a I.E+315
0072 St a AMAX1(01#1PTS)
C0'73 SP x AmlK~I(R?),PMT6)

0(74 W~hS a .5*PH148 *(1./(5I*sI)-I./(S2*S2)) 

0076 WMS x AA4AMOC.I1,bS)
0 077 ARI x a

oi'78 ~ AR2 x a
C x TEm~pWR*S'R*.0*SlGZ/TAPCS

11080 ~~S I G It C
0081 STGC C* (GI-L*wSS*P*SR(E
40(82 EC uSTGC

(IoR3 30 CM'NTIN'JE
n(A/I ~RETUPI`4

(fps EN()
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(000 I IjPR0UT TKE taATCW
o 0 02 Cjm~4t~4 NSCANNjEXT ,NLJMTGTT,Tu L0T FEN0TT.' PSMIOE (30,20)

I ,PT,PIMVP? ,T"MPT,RADIANTALi(3fl) ,rSTAPDWL(3'l)
2 k~YZI (20,U),XYZF(2o,0),TRGP~S(20,7),SIGJAM~(20)
3 ,SIGTAR(20,3) ,FHV(20) ,SIGIAHpISWITTEmPWR

a SHIP(9) ,Rr(30) ,PM~E(3n, 12) ,TMMOE(30,2)

0003 CCIMMN/F~/ ENVIR 10) ,SU8C(30),.PECNJMCCfr.ACMN,BFTA,
* 0TP(20),PCLPL, KY#KO1SXmAARSwLFPO~FPS

1000 CmMMRNi/T/TA(R) ,I(203)APMASPE (20)HAI12)tFl(2 ,TA (? t

I ~~TmANF (20),XmaNT (2n,3) ,XHANF (20,3) ,GTIJRN(20) ,TUPN(20)p
2 CM(20.2) PWAOM(20) ,ITYPE(20),.ALT(20o5),TALT(p0,5),NALT(20)

00(b C~MMMN/TS/ISTAT(20) ,TSCAN(20,30)
C
C MATCH SCANTImE VALUIES WITHI TIMES EACH TARGET C~M4E WITHIN SCRPE

C LIMITS
C TSCAN(J,T) IS TI'E MODE I FIRST SCANS TARGET J AFTER TARGET J HAS

C CHFi WITHIN PAnAR INSTRUMENTED RANGE

0-007 TmhY z I.E38
(,008 Di 00 3 a l,NjTAPG

C INITIALIZE ISTBT VECTMlR
C ISTAT zC TARGET NMT ACTIVATED
C STAT a I TARGET ACTIVE

0009 ISTATMJ a 0
on10 (M to KXIn,3

0012 10 Ct4TINQFE
o013 AMAG2:AC1)*A(1 ).AC2)*A(2)+A(3)*A(3)
00141 IF (ITTPE(J) .EU. 2) Gm TM 215

C
c, C Nm MANFEUVER

(to0I5 E;(J,1) vXYZF(J,I) - XyZI(JoI)

0016 f3(j,?) a XYZFrJ,P) - XyZI(J#2)
A~~t7 TEMP a XYZF(J,3)

q001 IF (!TYPF(JT) *EQ. 0) Go TC IP
(019 TFmP a ALT(J,?)
0020 18 B(J,3) z TEmP - XYZI(J,33
0021 20 RwAGP(J) 2 ~J1~(~)+ 1;(J,2)*R(J#2) + B(J#3).P'(JP3)
0022 Gel T6 22

C
C mANlEiJVER

o 2 3 25 B3CJol) a CMS(HEArIt(J))
(D204 B(J,2) x SIN(HFA(DT(J))
0(25 RMAG2(J) U O(J,I)*R(J,¶ ) * 3(J,72)*S,(JP2)

(026 B(~3J,3) a ) 
C0 27 22 Ar.19TR1 a A (I ) *H(J ,I) + AC(2 ) 9(J .2 ) + A (3 )*8 (J ,3)
(O? Af0RTP2uAf0MTK* h!nTR

q~~qq K x ITYPE(J)+1
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IF(K .NE. 2) rMv TM 27
C STARE CRITICAL VALUES FmR TARGET TYPF

XAF a ArDITA
VAR2 * A:OTRP

XRMAr2 a *mAG9(J)
XAMAG2: AMAGE
LFG I

27 ()M 80 1 a 10'SChN
29 TSCANiJ,I) R"MfDE(I,6) 4 XYZI(J,'4)

RCR"rE I, 7) *PInFl(I, 7)
DISC a AD(T82 - RmAG2(j)*(AmAG? P2)
rM TM (30s,00,55)v k

3') IF(DISC *GE. 0.0) GM Yt~ 6)

TAPGFT NEVE.P 4IjTHI: RANGE
315 TSCAi(J*Il x T P1A X

Cm~ TM 80

ALTITUD)E LEGS
40 IF(LkG *EG. t) GM TO 42~

RESET VALUES FCP INITIAL LEG
AWIVT9 x $AR
AD~fTR2 z XAB?
RMAGP(J 3 XS"Ar2
AmAG)? a XAmAG2
L~Fr a 1

4I? IF (OISC .LT. 0.0) GO TM~ 45
TEN11 z TALT(JPLEG)
TEM?2 c TALT(J#LEG.1)
TERM a SG;RT(DTSC)
I)MINUS a -1.0*dAr~e'TB + TERv)/RMIAG2(J)
'.PLUiS a (TER'4 - APmTB)/BMAG2fj)
WPmIPNIIS sAmA~ l(LIINUS , 0 Q)
i*PLUSvAmpI11 UPLIJS, 1 0))
IF (WIMINUS *GT. WPLUS) GM TO 45
XSCAI4 a TEMI 4 A~IINLJS*CTEm2 - TEP"I)
IFU(XSCAN *GE. TEml) *ANn. (YSCAI *LF.

I TM RE IPITIATE NEq AM aE

rr7

TFMP)) GI TM 75

TARGFT NEVEP w'ITPTP,- RANGE M+N THIS LEC - LCCK AT N~Exy LEG
09LEG z LEG4I
IF (LEG *GE. NALTMJ) GO TM 35
Rf , 3 ) mAL T (J ,L F G4I) . A L ( J p E 
PT z (TALT(JL.EG).)IYZI(J,0))/(XYZF(J,0)-XYZI (J,L4))
A4t) a YYZI(J,t) + DT*(XYZFCJPI) - XyZI(Jpl)) - SHTP(l]
A(2) a XYZI(J,P) * DT*(YYZF(J,2) . XIYZICJ,p)) - SHI1P(?)
A(3) : ALT(JPLFG) - SHiP(3)
AMAGPaAll)*A(l)4A(2)*A(?)4A(3)*A(3)
Pm44G?fJ) 3 R(Jp1)*P(J,,I) * LI(J,2)*p(J,,?) + -i(J,3)*F4(Jf3)
A rI AT4 r A ( I) * E(J , I) 4 A ( ;) *13(J ,2 4 AC 3) * '~(J , 3)
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Afl(9TP2%aTFT*Al7(9TP
D~ISC * ADmYS2 - SAG2I)*CAMAGP - 2

535 TF.Ml a *T'4AN1 (J1)
IF(rOTSC .(;F. 0.0) GM9 T 65

T&RGFt NrT (WtTHTN' PANGE
DEFAUlLT TM 9EGINNING IF

5P XSCAN, a THANT(J)
G" T" 75

PRIMP TM MANFOVEP
MA &EUVE ?

60 TEml a )(YZF(Jou)
br, TFR~aSj;RT(D!SC)

UPLUSX(TERM.ADM9TP)/(MAG2(J)
WMIN0iScAMAXl(UI~l4INUS#0.0)
(wPLUJSUAmTNJ (UPLUS,1.0)
IF (W-'NUS *GT . W~PLUS) GM TM r39 ,35, 58 ,
%XSCAN z XYZT(j,1) + A(MTNUS*(TEf~l - 'YZI(Joil))

715 IF (TSCAl'(JfI) *GE. XSCAN) G(9 TM Po0
XN4 a AINTU(XSCAN - T8CAk'(J,T)2/R'-'MDE(I#5))
TSCANC.J,I) a TSCAN(JoI) +XN*P-3flE(1,5)
IF(XSCAN *EQ. TSCANCJ,I,) Gm TI! AO
TSCAN(JoI) a TSCArNCjpT) + PM(9DEUDF

80 CIN~TTNUF
Qu CISITINUF

C DETEPMINE E4RLIEST TIME EACH "(9t(F SEES A TARGET
DM9 95 I a JNSCAN
TMIN a TM'AX

DM92 J a I OTARG
TSCAH(Jpt) a TSCAN(J.1, * MF'DE(7.5)*I.1
IF(TSCAN(Jpl) ,GF. TmIN) GM9 TI! 9
T'4IN x TSCANI(JoI)

92 CM¶NTTN(UE
RM(9flF(1,9) a T!"IN

95 C(9NTTl`JllEIPFT7 .) N
Fw ) '

194

Cr.

C
C
c

c

1)(7 1
Q )0 7 2

I 0773

(1)7 R

07 9

oOR3
0 (AR £4

0 0 9 9

003

I) 09 9

I102
I 03



NRL REPORT 8228

v:01 5~~~L4PR nJT I E MJLP TH ItJTAR , T TAP , FA C
C
C JTAR z TARGET U'NrFP OETECTIlk (DIR~ECTIMI: (IF RAlAIR)
C 7TT~P z TA~rFlT nP0 WHICH PATTERN PPMPAGATI6~I F&CTAR IS REING CALC
C

o o 02 ~NSCAN4,NEXT,N.U'ATGrT,T.LfJTE'4TIM ,Sm'DF.(30,20)
I PI ,PTIIvR2 ,Tmflp,RAOIA~;,TAU,(30),.!STAR,0wL(C3O)

2 ,XYZI (20,U) ,XYZF(24%,4),TRGPOS(20,7).SIGJAM4(20)
A SI.-TAR(?0,3),FHV(20) ,SIGmAH., ISIIT,TEMPv.R

4 SHTP(9).,RC(30),RmelDF (30, 12),IMOO.FC3O,2)
flo,3 C~iMN/8/ ENVIR(10) ,SU9C (3fl),RE,CNMCCM. ACM'JAETA,

* MTP(2o) ,P~LRZ, KYKCSx~TmTRSNLeIRFps
4)0o4) CIM'A Nk/F/ HQ,HT
1)II(i 5 C 4 , I,,5N R G PT A P , S NP S1 , C AS5P SI
!)II06 CmmPI x CI,CTE'myCF,CA,C~u1,C4j2,CTFM,CGA-~V,CGA"HI

& CGA-
11007 FAC =1

100A I~F(FNVIP(31 .E0. Q.) RFT'JPN
C CHECIR FIR NEW SCAN MIDE

444(9 lF(TSwTT.FJ).1) GI TM 5r RADAP I,') DEPENPEN'T CALCULATIMNA
04410 XNZFPM z 1.000313
1)01 HQ c SlI4IP(3)*XNmTf~
o )112 PA; :-HPR
(44)1 3 CHP z HR*(*.-PAR)
04(1) 41 YKPAP zz 2.*PT/WVL

,p~~tI544FPFxRC(l),DwL (NEXT)

wl16 rF(XFW~.GT.J5O0.) GMl TM b
it'I1 7 EPS1 80.
u131A S7CI 4.
n019 GP~ TO A
t)420o 6 TF(XFRFE.GT.3ooo.) GL4 Te 7
oop'l FPSJ a e0,.-tO0733*(xFRF-1500.)
0(4I22 STG1 z 41.3t0.00j41*(XFRF-1`50O.)
r it2 3 GM- Tr-A
440241 7 EP'SI a 69-0.440~57141*(XFRE.3IP)0.)
(4025 SII1 a b.`52+Q.flt3141*(XFPF.300Q.)
() o4?b A C~NsTINIJE
(02P7 CT. (00,
4(1(2P rTEMY C4mPLXEPSl,-b0.*wVL*STrl)f~~tlpq IKZFPI a XKhPAPfrXNZER!

o!) 30 H z (2.*XKZEPM4Axk7FRil/RF)**(-l./3.)
I4031 XL 

04432 ZI .H7 /
44fl33 CP c CT*XK1ZEPmtCSr T(CTFM'Y-l.)*(CmS(POLP7/RA0IAN)

*+ SlN(POtLPZ/PADIAN)/CTEmY)
444341 Ca = 2.3381*CFXP(CT*2.*PI/3.) + 1.,CH*CP)
(415s XI-CA a ATM~fldCAl
')(1436 C A LL i4pi1j~j(ZrA,cuI)
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j(139 TXFY x-1
a LI 4 C GRPT a TRGPOS~tTAR,7j*X~l-T~m

on~i 20 CA'TINUE
,)1)412 HT a TPGPeS(ITAP.3)*XNHTOM

fl 4) 43 HISU?! a 'i+HT
00~4A PAT a HT/PE
00d5S CHT a HT*(1,-PAT)
I0 0 i6 TE4P a SrRT(4.1 43.*(RE*(CHq+CHT),G RTG'RTi'4.))~

1(419 ~ GPTAP a GPPT.GRRAI)
00)5f SRPAD a PT P*P(.RP*R f*9Rn
11051 SPTAP SQRTrHT*HT.(1.,RAT)*(RTAP*GRTAR,

nOS2 ~TAN~PSI CHR/GPRArn - GRPAD/(2.*RE)
OOS3 I~F(TANPSj*LF.0) GI~ TO 40
OUS41 ~ CMSPSI x GPOAn/SRPh0*(i.4RAP)

'10 55 SINPSI a GPPr)f/SPAr0*(T&NPSIHR/C;RArn*RAp.)
0096 So Cm~T INiJE

0057 RREF a SPRAr,,SiPTAP
00(58 PRPEF a SPPAO)*SQTAP
OfIr9 TF-Wa2*PPF RF
)0Ih0 DISP a QT(.H~/E*PFGP

u061 TE'-, z (a.*SIN4PSl/FREF,**2*PPRcF
Q0 1 . PTN4DTF 2 PREF*TF-?rG/(1.,SQRT(1...TFM4),
(003 IF(IIKEY.Ei(.1) GMI Tm 30
oftbO TF(PTNO!lF.GE.NVL/a.) Gm Tm 3o
,lOb S !'EY a I

(066 ~CPITT z GRPT
no67 ~XNAT x CP1TP.JXL0 0b ASINPSI a 2.AL/ HhI/JNL/1kvL/LI.+(.*HR*HT)

'1069 CALL RN4GCEN(~-VL/1.,GfRRA0,GPTAPSRRADSPTAR,STNPSI)
'107n CPITP a ,rPRA-).GPTAQ
0(71 GRPT a GPRAD+GRYAP
o0172 CMSPSI SnR .SIPjSIPI
o",73 XNATI x CRITR/XL

f)07u GM( Tl' SO
u)0 75 30 C M'4T T1N 9E
104)7 CTEMW" X CSQT(CTEmYV-COsPSl*CmSP8I)
i'1077 CG~AmV a- C CTCCFmY*STNPSICE5/CTm*IPICTENA)

OM; ~~CGAMH a (SIN4PSt.CTEm*)/(SI.NPST+CTEMW,
4107 9C(!AMA x .*CL1( r(G"*C'(IP RiTq)**?* Gk*S'(IJQ/ DA1)**p)
!)080 ~C1f&M!AN`=MAG (CGAm )
(091 ~ IF ( CGAMI .GT. 0.0 ) GM? 51
ol~~rQ CGAMaCrAPLx( C EAL(CGAm),3. ¶ j¶+rGA#-I)

eOP3 S1 CGA~zCFXP( CG&U- )v o AA HLIPEFa CABS (CGAPI)
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n~~ps PHIPFF A* ~ (LGCa)
T~".Gl (?.*XI(PAP*STGMAH*1;1TNPST)**2

oOV ~~XbUR z a (TEG/.

CALL GATN1~f,JTAR,TTARCV)
i) A Q CALL G AI N ( 0,J T aR T TA R , q ) 

(l 0F A CI n CA31+VC*HIFOS*mj~~pc*-KFI
* PTHflIF-PHIRFF)))

'A)9 I IF(TIKEY.ELO.I) GM' TM 10

0Oq2 Z2 v HT/H
XNAT a .*(gPT(.*R*CHT) SUaRT(2.ARE*CHR))/XL

Vo9U ~CALL UFUNdZ~,CACkl2)

f~~)OQ5 AC? a 2.*.$OT(PT*XN&T2) *EXP(-WT~iCA*YNATP3 *CABS(CCUI*CU2)

(OQ6 ~CALL lI;TEP('I,FAC1,X~1ATI ,FACP,V'AT2,FAC,XNAT)

uol R ETHIPN
("((A 1() FAC v FACI

o-)QQ RETURm
otoo '4o CmNTINUE
(t I ) FAC a .E2

0102 ~RETt;PNv 1 13 ~ ~ Nr
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"')~~ I SIIFRtT INE, NEWPM1S
C
C. CLIPPENT TTAE T REPPFSENJTS TIIIE IF COPP~ENT SCAN 141TH I-EAM AT ZE-P
C DEGREFS AZIMUTH.
C TAPrFT P.MSITII0'S APE FIPST CALCULATED) AT TI'-F T.
C TH~E AZIMUjTH !1F EACH TARGET AT TP-F T TS ~'ETER-TINF:) (PFLATIVE TMI
C ZEPM rFlGPFa~S).
C A CMPRECTUr) PMSITTrn4 FM9P EACW TAPGFT I IS CALCULATED, WHICH IS
C ITS PISITImN AT TIMAE TeOEFLTI, LWHFRE nFLTI IS THF TImE IT TAKFS
C THE RADAR L4EA% TI SCAN 4ZP'UTH OF TARrET J.
C

01 Q p C~MMI9N NSCAN,4E XT,NJLJMTrT,T,e~LrTENrTIM4 vSmDE (30,7()
I PI,PTMVPP TMTI,RADIA~-,TAU(3D),pSTAPDAL (3()

2 ,XYZI (20,i) ,XYZF(20,4),TRCPMS(2C .7).SIGJA~'(2l))
3 ,5IGTAP(P,?o3),FH'V(20) ,SIG~4AR, ISTT~,TEmPh.R

fl~03 Cm~/NIP EN'VIPC I o) SURC(30) ,RF.CNMCCM. AC~!IP.ETA,
* DtTP(i0), LZJFYK~',XMI TRCVOI,8FPS

(I l) n l CIm mrN/C/ DEL(3) ,vEL(2g,3),VEL"r,~(20)
910(9 C.kMMN/T-/NTARGN-JAMSPEED(20),H4EADI1(20) ,HFADF(20),T~IANI CO)p

P ~~Cm(Ž0,o2) ,PADU(21) ,ITYPE(20),ALTC2O,5) ,TA.T (POI,5 ) .NALT(20)
0!)Ob CIMM"N /f)FT3/ l'DET3(201,3o)).MEP3(P),PAK~GE3(2oQ,3o) .AZ3(20,9,3n),

0) o7 IESINTAZ(2o)
')(OA CM"M!~/TS/ISTAT (20) ,TSCAN(20,3ni)

C
C
C SFT FLAG~ FOP PMSTTIMN cALCULATTMN AT TIME T

O I009 IFL AG , I
"00 S OP 90 J x 1,NUMTGT

C J TARGET NLImPEQ
I01 TT *T

C DETF.mINF TkRGET STATUS
C ISTAT a ) TARGET INACTIVE
C ISTAT c I TAPGFT ACTTVE

1012 TSTAT(J) x 0
)0 113 IF(UTT *LT. XYZI(J,4)) *I~P. (77 *GT. XYZF(J.tU))) GMI TM 9)-

fillu TISTAT(J) z I
C CHECK FMP AZIMUTH CIRRECTIMNS

C SCAN RaTE 7AKEN FP~MM Pm~DE(I,5) FIR ALL AOC-FS
01 I F (IFL AG . FQ. ?1 T T = T 

T + T AZI(,TI/ TikP I ) *PRM 9DE(1
C

C DOEREPINE TARGET TYPL
I 6 ~I F (TTYPF(J) *ER. 2) GI Im 11

C NM MANFIJVEP
I)(17 r)T z (TT- XYZl(J,f4)J/(XVZF(Jfa) - XYZI(J.UJ))
colq ~PM9 7 I a 1.?
(IC) I 9 TPGPI~S(J.1) a XYZI(J,I) 4 DT*(XYZr(j,I) - IYZT(J.1))
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2 i) ~~7 C I S~ Ty 1 NJ F

( '121 I F (TTYPF(J) *FQ. 1) rM TM A i-n
0 f);? 2TpGP~ls(J03) u XYZT(J,3l + ")T*(Y7F(J,3) -XYZ!(J,;))

G ~ T,' 2 -
c DTEAMINE ALITUPF LEG

~~O29 ~ D k" q I u 1,N
IF( T T *LE. TALT(J,I)) GM T~ tl

C TAR1,FT ~f LEG 1-I
C TIME FYCEEDS TARGET FINAL TImF

(028 ~TS a TT*3600.
( 9,?q ~ TSS aTALT(J#N)*36tlU.

o r I l PPIflT a')O, IS, 155, J
,wil ~ Jfl FIMPMAT(1l4'I/5X,'C0PRFNT TV.~El,Flo.2,1 EXCEEDjS FIKAL. TA~rET TImEfs

I FIl).2.1 I,,, NE008~ F~P T&RGFT',IS/)
103? ~I : N

00;3 IU Dr x (IT - TALT(JI-I))/(TALT(JI.) - TALT(J,11)
1)(3.4 TPGPfmS(J#3) 8 ALT(JpI-i) + DT*(AL-T(JI,I) - ALTCJ,!-I))

C CMWRECT ALTTTIJDE Cm PM4EKT IF TARGET DTbqFCTIMN VFCTIMR
w)35 ~VEL(J,3) TRGPIMSCJ,3) - ALT(J,1-1)

103 vHtm-2WJ *VFL(.J,1)*VFL(J,1 )+vFt. (J,2)*VFL(Jo2).VEL(J.3)*VEL(,j,3)
v fix 7 GM T ~' 2 

C
c '~lEijVEQIjG TARGET
C TAPrET AT CnNSTANT ALTITIJDE (TRGPrM5fj,A) SET T~~ TAIkET)

fl f) ,1 1 IF(TT .LF. TkiA',,F(J)) Gi T Ir~1
C TARGET FfYMNt' "ANEUVEP

fl039 rELT (TT * Tl'ANF(j))*SPEFDfJ)
(i a n VFL(J,1) a ClS(HFAD.lFLJ))

(',,i I VEL (Jr.?) 8 SINCHEAIlF(j))
~~-1112 T~rPCP6(Jpt) x mANF(Jpt) + T'ELT*VFL(JfI)

e141 TPCPAS (.,2) MANqF (-,2) OPIT *V~L (3,2)11 0 i 41GM TR )A
C

11 tjs1 2 IF(TT *GT. T'¶A44 J)) GM TM IS
C
C TAQC.ET PRIMP TM MANFtIVFP

0006 DFT'LT z(TT - XYZI(J,'4))*SPEE,)(J)
n 0 ¾ 7 VFL(.JI) a CMS(HFAD.I(J))

I 14A ~ VFL(J,21 U S!N(HEAD)I(J))1) 14 qTFGP'.S(J,I) 3- XYZT(JoI) * 0ELT*VELfJf1)
fl~~so TrPC-S(J,P) * XYZT(JP2, * DFLT*VFL(J,2)

1 ~~G!~ T9 18
c
c TAPGtFT *ITHI'N -Al~FHVER

f0US2 15 DFLT =(TT7- tlA'jT(J))*SPEED(J)/PA3M-'(J)
:10C~3 ll(', .4FaOTfd + TUR'N(j)*("ELT - PT'9VR2)

w) u ~TD'GP"S(J,Y) x CH'(J,1) * lRAl.(J)*CMSCA04C,)
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O 1~ t, "f~ c Al, + TIIR%(J)*pTlV142
flQ~~~~~R ~~VFL .J,:) S I N 'ir )

o(i06? I~ A vt C J VF JIVT1 LiLE12 V 

)flr) y =TF L 2 G~,1oj) t' ~

c THE TARCFT IS AT PLUS FR mINYiS PI /?

TF (-VY.GE.0.r,) Gm Tft Mf
Qn7O P~T~mP - PTMVP?

'I('7 1 (9 I T (40
'((72 30(- RTF P ATAN C(Y/ni)X

n070 ~~RTF~W RTEmP+PT
4 ( 7 5 140 TF (PrFHP.GF..0.) GI' Tp~ 5
f9076 RTF~IP = TE-P.TwrPT

3077 ~ 5u, Tq~fprs(j S)ZqrEMP
j (" 7i T P( I FLAG F.Q . 2 ) G. r TM ?

C ST'"RF AZIMUJTH
On7g TA 7 (j = TRPC P m5fl 1, 5

)p 1 r5? 0 SOPT(rfl*i0X + rY;Y

C TI'Ej &,Ir0 TIME APPAYS IN SCrlho3
o O ~~TTB F (71) =TT*360o.

'.4h IF(J .(;T. N4TARr,) cM Tm?
c (V)'TP LISEf FMR TAP('ET C;'4SSSECTTM!W CALCQLOL&IBj IN TA'PSIC,

(rELCI)T*(VFL "cj ,I 1) P L!.2)JL (J? L3*! 4.3 4
O AB T GT .1 oS~ (Vf) n 1 G k T RI P~~jM 

C T H F T A Gt f N NM . 0I F CT LY ~V E P a 

((01 ~~~~~~~ P 14ALP /.? SHT P (4/HL

(1'93 .T00P"S(J,~) ATA'~C0PPT'AF)
I F ( 9P P I~ ,L T * *) . A AN ) . n . rT . )S T AM 9 TM M9 O 

CTHF TAPcET HAS '~I'M fFF;4 F111N) Tm, "F T\~ SIG4T
T~ 9 0

C ~~~~~~T-'E FrILL('"'I' A0Pj IFS 1 ~It 4JT "F S!GHT TARGFT
Fo GP s (.j,4 ) sT .'GFMAS ( j,)

01007 JS~TAT(j) n
q0 A 9 C 0 ' T '1 i 

C
C L4'~~ A Z M t, T C ̀90 FC T I~

9 T ~FT ( FLAG C F 4. ? ) RT I J
'Ito ~~~I ~i-Ar t

G" TB '

200



NRL REPORT 8228

q SOPQ A.IIH~T INE, RES OL C-~ EP.Q S,N4T APSN'-FF. 1'~FH ITw3f'N,iN~)-

I PTPImVP2 ,TNOPTPA!)TA.,,TAI..1C3G) D')STAP,flHL (3))
2 .XYZI (2Q,'fl,XYZF(2l,1J) ,TRGPISCP¼7) ,5TGJA~'(2fl) r

3 ,SI(TAR(2o, 3),FHV(2O)),S!GHAHTINIT,TEM0WP
4 ,SHIP(q) PC (30) R, fEC3(. 2) AM;)F (3,1,?)

0 t) I mENSr I 4SNPFF (fl 2 ,F 

C NRF.F IS THE ?1'YIMEP MF REFEPENCF CE.LLS 11i EACH STDF
r kFS IS THE WANGF F;ESlLijTjMN rELL rlTmFNSTMN
C NTAR TS THF TAQC~ET M INTFPEST

C NT TS THE 'JIUREP flF ITFPFF!PINI TARGETS IN THE REPERENCF CELLS
C INF( ) IS AN' ARRAY MF INITFPFFQ~TNC TA~rET WUmRFPS
C S~NPEFC ) IS THE SIGNAL Pm~EP IF THF T~:TEFEQTNG YA~rET

C TH3ril, IS THE ANEN 3-D13 REAMWTrlTH
C tN IS THE N'ij1q ER Mg TARGETS
C

ooo7 ~IF (T *FQ.NTAk) GI TM 2fn
6 il 14 TF (APS(TRGPAS(1,4)-T ~PMS(NYTAR,4)).GT.r~ELP) GI TM 2o

Onog ~I F (ANS,(TPrPf'S(T,5).TPRGmS(NTAIR,5)).GT.2.U4*TH3I)~3) G11 TP 2o

C CALCULATE SIGNJAL ENERGY FI TfTEPFERIN4G TARGET

CALL STCNAL(I.PwP.SNREF(;4T))
C

'113 20n C INT T NUJ
a 1 44 4~LAF TI [QN

ro I 4; F P[)
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(I n t S ,t'T I NE V~ ~F N ?n L,T 3I P;, I 0 2 v ?$ )d(3

3 ,SIrTAR(201,3) UFHV(2II),STQ-AH,!SvITUTEM4F'IR

I00') CI~l/MmN/F/H~pHT
n 0)f9 I a 0

o~oh I10 C MNTTPN' IIE
(0(7 ASS * rFjS*$
cO OSI VI* SQPT(I.+2.*H.R/ASS)
41)09q V2 a $oRT(t..2.*HT/A$S)
0011D Va (i.+Vi)/HR + (1.+V2)/HT
Poll F a 4.*S/V - EL
00)12 FP' a 14 *V + dA./A5 * Cl./Vl+l./V2)
(1011 FP a FP/(V*V)

(IrJ13 5 S-F/F
0319 JF(A9S(F).LT.flELT/Iq.) G? TPI 20
0016 IF(T.G1.10) GM TM~ 20
0 01 7 1 a I741
0 o1 GM TM 10
0(19 PO CMNTINIE
0020 ASS a F*S*5
l0 (21 TEiMP 2a H

00o2p Pi c TEmP/(5SQSRT((ASSTEMP,,RF))
0123 ~ TFIP a P.*HT
10?4 ~P2 aTFmP/CS+Sr1RT((ASSTEvP)/RE))
:)k)26 SP? S00PTCCP;*R1.i4T*HT)/(I.HT/,iE))

0027 R E T OD
o I0PA E Nl
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n'O 0 S 5l)iPlOI INE SIGW.AL (JTAR,PqQ,.SIGEN)
C JTAP TARG~ET K'Nn'ER CDNSI)EQATT9'~
r zP P9W P POE ECEIVEn)
C STrE'J SIGN'At F.N~EPGY

PI ,PIIVP2 ,TA(NPI,PAI)TA~I,TAII(3O) ,rSTAP,r)AL (3()

cN#/FXVIR(29vi),SLYF(20,) ,TREPNSCC,7C),3EGA'.2
A SlTAP(?o),3)L~,FHVK2V),ARTIAHS~. T',TE&PCS .FIP FWTt

j)-')4 Cl~m9N/H/FACJ,.AMPNj,XJAMN, TKEYJr,YX~XXX
o 1) )5 r~m941 PPBS,HMF , THFTE-kKflPDf'A~,THH.THV,GNi

vfl 07 C M9MIN / SI G /PI', PA , S
C C!MPITF SIGNAL. ENFRGY FA TAPGFT JTAR

0O)OA CALL T&RSIG(JTAR)
llvlq vi VL a3 Ofl. i ( C ( I) +0 (NE xT)

ao 0O S z PmmflE(NFXT,3)*PC(6)*PC(6)*WIVL*WJVL*TARCS
0OII R a TP(.PM~S(JTAP,:4)
of)f12 I4 c k*XNMTm"

RMT P*XNMTAm*XN~1'TM*XNT'*X'14TA"
j)016 ~ pwp S*RC (A)*PCc(9)*R [E(NEXT,F)/(P4T*F~PIQR)
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