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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: SURDETZD 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. n/// Bomss o 30 S

p

¢

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
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DAVIS AND TRUNK

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. .~ »— . . | /‘: Vi

Since multiple detections of a single target can occur, such detections are merged into f\/ .T\:/":, o
a centroided detection. Finally, the centroided detection is corrupted by the effects of roll . /
and pltch "The results of SURDET can be printed out and/or written onto a file for later o /, ;.
processing by the MERIT tracking program [2]. ;oo

SURDET currently exists in two versions: SURDET2D to ke used with 2D radars and
SURDETS3D to be used with 3D radars. Although the majority of the subroutines in SUR-
DET are common to the two versions, SURDET2D and SURDETS3D 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
SURDETSD 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), i

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

® Modification of the signal-processing algorithm by including MTI and coherent
integration, and

® Inclusion of more-detailed models of target radar cross sections as applications
dictate.
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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 prograrmn 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 foliowed 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 te 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
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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.

GITITSSYTIING
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Table 1 — SURDET2D Variables

Fortran Variable

Description

ACON

ACONZ
ALPHAD
AMBN
ANS1

AZ(LK)
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(L,I)
BUFB(2,I)
BUFB(3,I)
BUFB(4,])
BUFB(5,1)
BVDEG

CCM
CNM
CONV

DBE

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 /th 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-1 position (rad)
Elevation of the true target-1 position (rad)
Time when the radar scans by target-1 (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
(10logio 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

Description

DBN
DWL(J)
ELEV(ILK)
ELOUT(L)
ENDTIM
ENVIR(3)

FAC4
FOPIQB
FOPISQ
GN
IANS

IC
ICNT
IMODE(J,1)
I0UT

ISC
ISTAT(I)

ISWIT

ITITLE
v
MER(T)

MUL

NC(X)
NCONZ
NDET(})
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 /th clutter detection
Time at which the current run terminates (h)
Multipath indicator:

0 = no multipath

1 = multipath
Multipath propagation factor to the fourth power
(4m)3
(41r)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 1:

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:

0 = no multipath

1 = raultipath
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

Description

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)
RC(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/m)
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 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 (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

ROUT(K) Range of the kth clutter detection

SHIP(5) Heading of the ship (rad)

SIGC Total sea-clutter energy

SMODE(J,1) Blanking range for mode J (n.mi.)

SN Signal-to-noise ratio (dB), assuming the radar is pointing at the
target

SNDET(I,K) Signal energy of the kth centroided detection of target I

SNTRUE Signal energy '

SOUT(K) Signal energy of the kth clutter detection

T Currcnt game time (h)

TARCS Target cross section

THH Basic radar horizontal 3-dB beamwidth (rad)

THV Basic radar vertical 3-dB beamwidth (rad)

TIME(I) Time of the detection of target I (s)

TOUT(K) Time of the kth clutter detection (s)

TRGPOS(1,4) Slant range of target I (n.mi.)

TRGPOS(1,5) Azimuth of target I (rad)

TRGPOS(1,6) Elevation of target I measured from the horizon (rad)

TSCAN(LJ) Time when target I comes within the instrumented range or radar
mode J (h)

A% Range extent of the clutter cell (m)

XJAMN Total jamming energy (J)

XKTOMS Conversion factor for knots to meters per second

XNMTOM Conversion factor for nautical miles to meters

XYZF(1,4) Time when target I reaches the endpoint of its trajectory (h)

Input for SURDET2D

A3TITSSYIOND

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 contro!l integer (I56 format):
0 = no output printed,

1 = only the detection output printed,
2 = detailed output printed;
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Data card 2—title card (14, 19A4 format):

1.
2.

Radar integer 1D,
Alphanumeric run identification;

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

1-3. Position coordinates (x, ¥, 2) (kft),

4.

Ship heading (deg);

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

DN =

-

HO®XRAS O W

Radar frequency (MHz),

Antenna pattern function indicator (0 = pencil beam and 1 = cosescant-
squared beam),

Receiver noise (dB),

Horizontal 3-dB beamwidth (deg),

Vertical 3-dB beamwidth (deg),

One-way antenna gain (dB),

One-way sidelobe level (dB down from peak),

Receiver loss (dB),

Transmitter loss (dB),

Number of scan modes (limited to 30),

Linear polarization (0° to 90°, where 0° = horizontal and 90° = vertical);

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

RSk

. Sea-clutter improvement factor (dB),
. Intermediate-frequency bandwidth (MHz) (if 0, the bandwidth is set at 1.0/

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 (us),

Interlook period (s) (must be identical for all modes),
Scan offset (s),

Instrumented range (n.mi.),

Mode-dependent loss (dB),

Number of pulses integrated (limited to 99),
Compressed-pulse length (us), <

compressed-pulse length),

. Mode-dependent frequency increment (MHz),
. Blanking time (us) (if 0, the blanking time is set at the pulse length),
. Rain-clutter improvement factor (dB); Pt

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

1.
2.

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

10
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. 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),

Number of detections that can be missed with the detections still merging into

a single detection,

. Video-type indicator (0 = linear video and 1 = log video),
. 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),
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) (2I5 format):

1.
2.

Number of targets,
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.
5-8.
9-11.
12.
13.

Initial coordinates (x, y, z) (kft) and time (s),

Terminal coordinates (x, y, 2) (kft) and time (s),

Head-on, broadside, and minimum radar reflective areas (m?2),
Jamming power density (W/MHz),

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 (I4,7F6.2 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,

. Number of altitude nodes (maximum of three), for target type 1, or target

speed (kft/s), for target type 2,

. First altitude node (kft), for target type 1, or initial heading of the target

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

. Second altitude node (kft), for target type 1, or radial acceleration of the

maneuver (g’s), for target type 2,

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

for target type 2,

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

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

1.
2.
3.
4.

Wind speed (knots),

Height of the wind-speed measurement (kft),

Multipath indicator (1 = multipath and 0 = no multipath),
Rainfall rate (mm/h);

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

1.

o ok w o

©x=N

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

Number of fixed clutter points,

Probability that a clutter point is detected,

Initial range of the clutter area (kft),

Final range of the clutter area (kft),

Standard deviation of the range measurement (percent of the range-resolution
cell size),

Initial azimuth of the clutter area (deg),

Final azimuth of the clutter area (deg),

. Standard deviation of the azimuth measurement (percent of the horizontal

3-dB beamwidth);

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

1.

2.

Initialization for the random-number generator for generation of variable
clutter points,
Number of clutter regions;

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

A

Average number of clutter points in the region,
Initial range of the clutter area (kft),

Final range of the clutter area (kft),

Initial azimuth of the clutter area (deg),

Final azimuth of thre clutter area (deg);

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

P oo

Maximum roll angle (deg),

Maximum pitch angle (deg),

Roll period (s) (a number >0 should be specified),
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 (I5 format):

1 = a new scenario is to be read, with the next data card being data caxd 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 8 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]. (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, tiien 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
AR =c¢7,/2, (1)
where c is the speed of light and 7, 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 » *

,BJ=RS+(RF“RS)gi (2)

15
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and
0;i=0gs+(0p-05)V;, (3)

where R; and 0; are the range and azimuth of the clutter points, Rg and R are the initial
and final range boundaries of the clutter area, 65 and 0 are the initial and final azimuth
boundaries of the clutter area, and U; and V; 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 P,, the probability of detecting
the clutter point. If U < P,, the clutter peint 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

m= (;K + 0.5)AR, (4)
where

K = integer {[R; + op(- 2 log U,)Y2 cos 27V;1/AR}, (5)
'\ L //
in which op, is the measurement standard deviation and U and V are umformly distributed
random numbers. The error in azimuth is

= 05 (- 2108 U)'? sin 21V, ©

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

R=R ., sin (2nt/Tp + ¢R) (7
and -

P = Ppax Sin (27¢/Tp + ¢p), (8)
where R, and P, . are the maximum roll and pitch angles, T and Tp are the cor- o "./' e

responding periods, and ¢ and ¢p are uniform, phase angles between 0 and 27. The meas-
ured azimuth position a,, (in the deck plane) is [3]

“ tan-1 [sin acos R + (cosasinP +tanecos P)sin R te (9)
m ’ cos a cos P - tan e sin P a’
and the measured elevation position ey, is
e, =0, (10)

where a = 0; is the true azimuth, e = 0 is the true elevation of the clutter point, and €, is the
previously calculated azimuth error. The detection time 7' is proportional to the azimuth:

T, =T, + (AT)8;/2n, (11)

where T 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

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 7 and 37)

True azimuth of the clutter point (8; in Eq. 11)

Azimuth measurement (a,, in Eq. 9)

Cosine of the pitch angle

Cosine of the roll angle

Elevation measurement ¢,, = 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 (¢ in Eq. 7)

Phase angle of the pitch (¢p in Eq. 8)

Maximum pitch angle (Ppax in Eg. 8)

Probability that the clutter point is detected (P, in text preceding
Eq. 4)

Pitch at the time of the ith detection (P in Eq. 8)

True range of the clutter point (R; in Eq. 2)

57.29578°, the number of degrees in a radian, or 180/m

Array of uniform random numbers (U; in Egs. 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 (Ry in Eq. 2)

Frequency of the roll cycle

Roll at the time of the ith detection (R in Eq. 7)

Maximum roll angle (R, in Eq. 7)

Scan period (AT in Eq. 11)

Range measurement (R,, in Eq. 4)

Initial range of the clutter area (Rg in Eq. 2)

Ship heading

Standard deviation of the azimuth measurement (0, in Eq. 6)

Standard deviation of the range measurement (0 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 (T'y in Eq. 11)

Table continues.
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Table 2 (Concluded) — FXCLTZ2 Variables

Fortran Variable Description
TAU Compressed pulsewidth (s) (7, in Eq. 1)
TE Tangent of the elevation angle (zero)
TH Uniform distributed phase angle
THF Final azimuth of the clutter area (0 in Eq. 3)
THS Initial azimuth of the clutter area (05 in Eq. 3)
TIMSCN Scan period (AT in Eqg. 11)
TIMZB Time of the zero-bearing crossing (T in Eq. 11)
TOUT Detection time (T; in Eq. 11)
TWOPI Two times 3.1415926536, or 27

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 platform, 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 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),

18
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NSCAN — number of scan modes to be defined, (a number not te exceed 30),
POLRZ - linear polarization from 0° to 90° (0° = horizontal and 90° = 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 (us),
SUBC(J) — sea-clutter improvement factor (dB),
RMODE(J,12) — intermediate-frequency bandwidth (MHz) (if O 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 O 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,

19
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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

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 (BppT,, 1) rounded to the nearest integer for mode J, where
Br is RMODE(J,12)
106
Effective number of pulses integrated
Number of scan modes
3.1415926536,0or
One-half of 3.1415926536, or /2
Linear polarization (0° to 90°, where 0° = horizontal and 90° =
vertical)
57.29578°, the number of degrees in a radian, or 180/7
Radar frequency f (MHz)
Indicator of the antenna-pattern function:
0 = pencil beam
1 = csc? 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 used

Table continues.
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Table 3 (Concluded) — INITAL Variables

Fortran Variable Description

RC(22) Parameter to denote whether the mean (RC(22) = 1) or the mean

and variance (RC(22) = 2) should be used to calculate the
threshold

RMODE(J,1) Lower 3-dB point of the elevation-angle coverage for mode J (deg)
RMODE(J,2) Upper 3-dB point of the elevation-angle coverage for mode J (deg)
RMODE(J,3) Peak power for mode J (MW to W)

RMODE(J,4) Pulse length for mode J (us to s)

RMODE(J,5) Interlook period for mode J (s to h)

RMODE(J,6) Scan offset for mode J (s to h)

RMODE(J,7) Instrumented range for mode J (n.mi.)

RMODE(J,8) Mode-dependent loss for mode J

RMODE(J,11) Compressed-pulse length for mode J (us)

RMODE(J,12) Intermediate- frequency bandwidth for mode J (MHz to Hz) (By)
SHIP(1) x coordinate of the ship position (kft to n.mi.)

SHIP(2) y coordinate of the ship position (kft to n.mi.)

SHIP(3) Antenna height (kft toc n.mi.)

SHIP(5) Ship heading (deg to rad)

SM Blanking time used to calculate SMODE(J,1) (us)

SMODE(J,1) Blanking range for mode J (n.mi.)

SMODE(J,2) Rain-clutter improvement factor for mode J

SUBC(J) Sea-clutter improvement factor for mode J

TAU(J) Compressed-pulse length for mode J, or 7, (s)

TWOPI Two times 3.1415926536, or 27 '

(et v
Subroutine MEI:%DET

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 N; be the number of detections of the ith target, Aij be the initial azimuth, Fij be
the final azimuth, and R;; be the range of the jth detection of the ith target. The procedure
for producing the centroided detections is to order (in initial azimuths A ,-j) 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 A, and let the corresponding final azimuths and ranges
be F}, and R, respectively. Thus

A SAySA3SLLSAy g <Ay (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

21
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A< A, (13a)
R, - R;| < AR, (14a)

and
B, <F;+AA, (15a)

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

A, <A, (13b)
IR, - R, | < AR, | (14b)

and
F;<F,, (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 beamwidth. 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 Egs. 14a and 15a or by Eqgs. 14b and 15b. The estimate of the azimuth
for an accepted target detection is

Ay = (A}, + F)/2. (16)

Table 4 — MERDET Variables

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 (A A in Eq. 15)

AZ{1,2J-1) Initial azimuth of the jth detection of the ith target which has
a target close by (4, in Eq. 16)

AZ(1,2d) Final azimuth of the jth detection of the ith target which has a
target close by (F), in Eq. 16) R

AZA,d) Azimuth of the jth detection of the ith target (4 in Eq. 16)

11 Number of detections

K Number of ordered detections (M in Eq. 12)

KC Counter used for ordering

KDET() Detection index of the ith ordered azimuth

KDTT() Detection index of the ith ordered inhibited azimuth

Table continues.
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Table 4 (Concluded) —MERDET Variables

Fortran Variable Description
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(1,d) Number of detections of the ith target, or N;
RANGE(I,J) Range of the jth detection of the ith target
RES Range-cell dimension (AR in Egs. 14a and 14b)
SNDET(1,d) Signal amplitude of the jth detection of the ith target
A = V7
Subr outlne 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 S

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.

7

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 N 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. . -

1% P e

P e

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 eriergy 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

= A+ (U -0.5)A0,

(17)

where A is the azimuth of the target, U is a random number uniformly distributed between
0 and 1, and Af is the antenna azimuth movement between transmitted pulses. To simplify
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DAVIS AND TRUNK

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 6. The azimuth of pulse 0 is

0o =/(3 ~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
~»ﬂ A // ; ! ©
NS=201-2M, 7 ' IPUPE (19)

and the final pulse generated is ‘ ",.-

N

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

Rg = AR(Kpg - 13), (21)
where AR is the range-cell dimension and K is the integer defined by
Kpg = 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

-

Np=11-Np, | ¢ (23)
- P" .

and the index of the last range cell is ,
\‘ IV .

L =15+Np. "’ ' (24)
Thus, if Np = 10, signal must be placed in all 25 range cells.‘ﬁe signal return for the ith
pulse and the jth range cell S,-j and an indicator of signal in the jth range cell I(j) are initially
set to O 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 F; for the ith pulse. For Swerling case NSW,
F; is given by the following equations, in which the U;, i =1, ..., M, are independent random
numbers uniformly distributed between 0 and 1. For NSW = 0 (nonfluctuating target)

F;=1, i=1,.,M. (25)
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For NSW =1 (scan- -to-scan fluctuations, Rayleigh denSIty) / />
Fi=-logUj, i=1vw¢d (26)

-For NSW = 2 (p_)g}fg:@g:gl}ke fluctuations, Rayleigh density)

5- =~ log/({,-, i=1,.,M. 27
For NSW = 3 (scan-to-scan fluctuations, chi-square density) /;6 ?’
F;=-05(0g Uy +1ogUyp), i=1, @ (28)
For NSW =4 (pulse-to-pulse fluctuations, ch1 -square dee.nsity)
F;=-0.5(log U; +1og Ups4;)s i=1,.,M. (29)

The signal is next placed in the appropnate range cell and the adJacent range cells by
reducing the returned signal by a [(sin x) Jx]2 pulse shape and a [(s1n x)/x] antenna a pat-
tern. The return signal from the kth target is centered in range cell Kp:

Kp = integer [(R, - Rg)/AR], (30)

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

Kp=Kp+I, I=-1,0,1, (31)

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

F = [(sin F3)/F412, (32)
where
Fy =2.7832(R,, - Rp)/AR, (33)
in which
Ry =(Kp+ 0.5)AR + Rg. (34)

At this time the indicator I(K ) is set equal to 1.
The closest pulse (in azimuth) to the kth interfering target is
NC = integer [(4, - 0)/A0] + 201, (35)

where A, 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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DAVIS AND TRUNK
to
NNF =min {NF,NC + M}. (37)
Therefore, for the ith pulée, the signal reduction G due to the (sin x)/x antenna pattern is
G = [(sin G4)/G414, (38)
where
Gy =2.1832(6 +iA0 - AL)/034m» (39)

in which 034y is the antenna 3-dB azimuth beamwidth. Finally, the signal (normalized by
the clutter energy C and noise energy N) in the Kpth range cell (for the ith pulse) is

ik, (new) =S; g, (0ld) + GFEP/(C+ N), - .= .. (40)

where P}, is the signal energy of the kth interfering target.

The calculation indicated by Eqgs. 38 through 40 is first repeated for all pulses spe-
cified by Eqgs. 36 and 37. Then the calculation indicated by Egs. 31 through 40 is repeated
for the adjacent range cells indicated in Eq. 31. Finally the calculation indicated by Eqgs. 25
through 40 is repeated for all NI targets in the reference cells. Thus at the end of all of these
repetitions S; 1s the signal energy in the ith pulse and jth range cell due to all the targets in
the reference cells K3

«9;
~

Next Rayleigh noise (and possibly correlated clutter) is added to the 51gna1 to produce
the total video return x; ij The video return is generated (because of computer-speed con-
srderatlons) for three distinct cases: clutter insignificant and no signal present in the range
cell, clutter insignificant and signal energy S;; ;j bresent 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

7 I(j) = 1. Thus, the ith return in the jth cell x;; is given as follows. For clutter insignificant

* (CM < N) and no signal in the jth cell (I(]) =0)

(-(2)1og upt?, i=1,..,M, (41)

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

x;; = {0 cos ¢; + (25;)M P12 + (g sin ¢,)°11/2, " (42)
where
o; = (- 2log U)/? | (43)
and |
6 =21U; " (44)
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For clutter significant (CM > N) T

~

;= {[CX; + o cos §; + (28;)1/2)2% + (CY; + o sin 9,)7},

where the Rayleigh-noise components @; cos ¢; and g; sin ¢; are given by

o;=N'(-2log Uy, )2

and
¢ =27U;3n,
with
N'= [N/(C+N)]'2,
the clutter is given by
O, = pCXpy + (1-p*) P sin g
and
CY; = pCY; 4 + (1~ p?)" 2 cos g,
in which
o =C'(-210g U2
and
¢ = 27TU i+ 9M
with

c'=[c/(Cc+ N1,
and the initial clutter values are
CXqy = C'ag cos ¢y
and

CYO = C,ao sin ¢6

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

At this point all the data pulses x;; 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
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MS
Z;= Z %, i=Np,.,Np, (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: .
’ y Y

Zi=Zit % -% i (58)

The detection threshold T; 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 &
%= o, L GervitZias), (59a)
i=1
1
Z- = — . . 5
YT Ng Ly Zix1+i> (59b)
or
1 &
Zi= — Zi1-i» (59c)
Pt NR ~ Si-1-i
and the corresponding mean squares are
1 &
/12 = 2N, (§f+1+i+Z,2_1_i), (60a)
i=1
1 &
72Z= = 3 z2_ .
% T Ny ?;{ Zis1ei | (60b)
and
1
72 . = 2
i = Np Z Ziq-ir (60c)
i=1
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The standard deviation is
0;= 122 - (Z)*1'7, (61)

where 22 and Z use the same reference cells. The two-parameter threshold for either linear
or log v1deo is

T;=Z2;+N,o0;, _ (62)

where N, is the number of standard deviations specified at input. (Appropriate values of
N, 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

T;=N,Z; (63)
for linear video and
T;=N, +Z2; (64)

for log video.

For each range cell j the first (FC;) and last (LC;) azimuth crossings of the threshold
. Tj are saved. These values are calculated under the restrictions that there is at least one Z; <
i T at an azimuth smaller than LC; and that there is no azimuth interval larger than AA (the
' aznnuth separation based on the pulse detection separation specified at input) between LCJ
and FC; for which all Z; < T;. Furthermore the range cell of the initial detection (smallest
azimuth) is J;, of the second smallest is J5, and of the last is J3.

The action taken by the program in providing centroided detections from the N;
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 J;
detection is a valid detection. The J, detection is valid if either

[y -Jdyl>1 (65)
or

LCy, > LCy, + AA. (66)
The J; detection is valid if J, is not valid and

lJy ~J31>1 (67)
and

LCy, > LCy,. (68)
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If Jg is valid, either Eq. 67 or

LCy, > LCy, + AA (69)
must be true and either
[dg ~d3{>1 (70)
or
LC,, > LCy, + AA (71)

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

~

Ry =Rg +(J, + 0.5)AR, (72)
the azimuth is
Ay =(LC; +FC; -034p)/2, (73)
and the signal energy is
Sy, = max (2, /Ty, ), (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

-~

Ajop-1=FCy -034p/2 ' (75a)
and
AAi,Zk =LCJk —03dB/2. (75b)
Table 5 — MWDET Variables
Fortran Variable Description
A Rayleigh random variable (¢; in Eq. 43)
AA Azimuth of the kth interfering target (4, in Egs. 35 and 39)
ACONZ Azimuth separation for declaring two detections (AA in
Eq. 66)

AOLDX Gaussian-clutter random variable (CX; in Eq. 49)

Table continues.
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Table 5 (Continued) — MWDET Variables

Fortran Variable

Description

AOLDY
AZ(1,2J-1)

AZ(1,29)

AZ(LJ)
AZIM
AZIMS
Al

B

B1

C

CC . yp-irn ]

COR "™ .
D)
DEL

F

FDIF

FFN
FL

FLUCT(I)

FN
FSIG

G
GDIF

1C(J)
ID(K)
IDET(J)
1L
IMERGE

INF(I)
1S(J)

KK
KR

Gaussian-clutter random variable (CY; in Eq. 50)

Initial azimuth of the jth detection of the ith target which has a
target close by (Al 9j-1 in Eq. 75a)

Final azimuth of the ]th detection of the ith target which has a
target close by (Al 2] in Eq. 75b)

Azimuth of jth detectlon of ith target (A in Eq. 73)

Azimuth position of the pulse closest to the target (6 in Eq. 17)

Azimuth of pulse 0 (6 in Eq. 18)

Rayleigh random variable (¢} in Eq. 51)

Uniformly distributed phase angle (¢; in Eqs. 44 and 47)

Uniformly distributed phase angle (¢; in Eq. 52)

Clutter energy (C in Egs. 40, 48, and 53)

Normalized clutter energy (C' in Eq. 53)

Clutter correlation coefficient (p in Egs. 49 and 50)

Detection threshold for the jth range cell (T} in Egs. 63 and 64)

Antenna azimuth change between pulses (A0 in Eq. 17)

Signal reduction due to the pulse shape (F in Eq. 32)

Normalized difference between the target range and the center
of the range cell (Fg in Eq. 34)

Normalized noise energy (N’ in Eq. 48)

Fluctuation amplitude when the amplitude is the same for all
pulses

Fluctuation amplitude of the ith pulse and the jth interfering
target (F; in Eqgs. 25 through 29)

Noise energy (N in Egs. 40, 48, and 53)

Number of standard deviations used in the calculation of the
threshold (N, in Eq. 62)

Signal reduction due to the antenna pattern (G in Eq. 38)

Normalized difference between the target azimuth and the cen-
ter of the beam (G4 in Eq. 39)

Countdown to zero after the last threshold crossing in the jth
range cell

Range cell of the kth earliest detection (J, in Eq. 72)

Status of the jth range cell: previous detection, looking for the
first threshold crossing, looking for the final crossing, or
after the final crossing

Number of detections

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(§) in text pre-
ceding Eq. 41)

Counter for random numbers

Range cell in which the kth interfering target lies (Kg in
Eq. 30)

Table continues.
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Table 5 (Continued) —MWDET Variables

Fortran Variable

Description

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(LJ)
RES

RR

RS

RTEMP

Range cell in which target NTAR lies (K s in Eq. 22)

Range cell adjacent to the target cell (K in Eq 31) W

Number of pulses generated® 4. £~ ~ i ) iy £ /

Indicator of the interfering-target problem (target w1th1n three
range cells and 2.4 azimuth beamwidths 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 generated ,

Number of targets /. e e D
Closest pulse in aznnuth to the kth 1nterfer1ng target (NCin
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 (N in
Eqgs. 59 and 60)

Two times NREF (2Np in Egs. 59a and 60a)

Last range cell used (Ny, in Eq. 24)

First range cell used (Nr 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 - p )1/ 2 in Egs. 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 (U; in Egs. 27, 29, 41, and 43)

Range of the jth detection of the ith target (R -in Eq. 72)

Range-cell dimension (AR in Eq. 21)

Range of the kth interfering target (R}, in Eq. 30)

Range of the first of 25 range cells (Rg in Eq. 21)

Range to the center of the Kth range cell (R, in Eq. 34)

Table continues.
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Table 5 (Concluded) —MWDET Variables

Fortran Variable Description

S - Signal energy S

SM Normalized signal energy including the effects of the pulse
shape

SN(J) Maximum normalized signal amplitude in the jth range cell

SNDET(1,J) Maximum signal amplitude of the jth detection of the ith target
(S in Eq. 74)

SNINT Maxnnum integrated signal-to-noise ratio

SNREF(K) Signal energy of the kth interfering target (P, in Eq. 40)

SS(1,d) Signal energy of the ith pulse in the jth range cell (S in Egs.
42 and 45)

SUM Integrated sum of the jth range cell (Z; in Eq. 56)

THRSH Indicates the reference cells to be used,

TH3DB The antenna 3-dB azimuth beamwidth (0345 in Eqs. 839 and 73)

TIME(I) Detection time of the ith target

TRGPOS(1,4) Range of the ith target (R, in Eq. 30)

TRGPOS(I,5) Azimuth of the ith target (A, in Eq. 35)

TWOPI Two times 3.1415926536, or 27

U Mean value of the reference cells (Z—J in Eq. 59a)

ULOW Mean value of the lower half of the reference cells (Z in
Eq. 59c¢)

Uup Mean value of upper half of the reference cells (Z_J in Eq. 59b)

X(1,d) Video return of the ith pulse in the jth cell (x -in Egs. 41,42,
and 43)

XFIRST(J) First threshold crossing in the jth cell (FC; in text after Eq. 64)

XLAST(J) Last threshold crossing in the jth cell (LC in text after Eq. 64)

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

XMS Mean square of the reference cells (Z2 inEq.60a) -

XMSLOW Mean square of lower half of the reference cellgLZ in Eq. 60c)

XMSUP Mean square of upper half of the reference cells (Z2 in Eq. 60b)

Subroutine STAB2

Subroutine STAB2 ,generates anew azimuth position for each target detection, because
The routine is initialized by calling the entry point STBINT The

the radar is unstabilized.

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 =R,, sin (27t/Tr + ¢R) (76)
and

P =P, sin (27t/Tp + ¢p), (77)
where R, and P, are the maximum roll and pitch angles, Tg and Tp are the corresponding

periods, and ¢r and ¢p are uniform phase angles between 0 and 27. The measured azimuth
position &y, (in the deck plane) is [3]

sin @ cos R + (cos & sin P + tan e cos P) sinR] te
I

-1
o, = tan -
m [ cos & cos P - tan e sin P

(78)

where o 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 — STABZ2 Variables

Fortran Variable Description
A Azimuth of the target in the deck plane with zero measured error
AA Azimuth of the target (o in Eq. 78)
ATEMP Azimuth measurement (between 7 and 37)
AZ Azimuth measurement (between 0 and 27) (¢, 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 (¢r in Eq. 76)
PHASE(2) Phase angle of the pitch (¢p in Eq. 77)
PI 3.1415926536,0r
PITCH Pitch angle (P in Egs. 77 and 78)
PMAX Maximum pitch angle (P, in Eq. 77)
PPER Period of pitch cycle (Tp in Eq. 77)
RADIAN 57.29578°, the number of degrees in a radian, or 180/w
RFAC Frequency of the roll cycle
RMAX Maximum roli angle (R, in Eq. 76)
ROLL Roll angle (R in Egs. 76 and 78)
RPER Period of the roli 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(1,5) Azimuth of the target
TRGPOS(1,6) Elevation of the target
TWOPI Two times 3.1415926536, or 27
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 FXCLTZ2 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 F; is generated by

F,-=(0F-03)/Ni, (79)

where 0g and 0 are the initial and final azimuth boundaries of the ith clutter region and
N; 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 A;

between detections is generated by A; =+ F; log U;, where U, is a uniformly distributed
random number. If »

i
> A <(Op -0y), (80)
j=1
the new detection is accepted. Its measured azimuth and range are
i
j=1

and
R =(K + 0.5)AR, (82)
where AR is the range-cell dimension and

K = integer {[Rg + (Rp - Rg)V,;1/AR}, | (83)

35

A3ITITSSYTIOND



DAVIS AND TRUNK

in which Rg and R are the initial and final range boundaries of the ith clutter region and
V; is a uniformly distributed random number. The associated detection time is

T; = Ty + (AT)0/2m, (84)

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

roll = R, sin (27t/Tg + ¢R) (85)
and
pitch = P,, sin (27t/Tp + ¢p), (86)

where R, and P,, are the maximum roll and pitch angles, Tp and Tp are the corresponding
periods, and ¢ and ¢p are uniform phase angles between 0 and 27.

On the other hand, if
i
Y 8> (0p -05), (87)
j=1

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

Table 7 — VRCLT2 Variables

Fortran Variable Description
A Azimuth of the detection (0 in Eq. 81)
AZOUT Azimuth of the detection (output) (6 in Eq. 81)
ELOUT Elevation of detection E (equals zero)
FLAM Inverse azimuth density of the clutter points in the ith clutter region
(F; in Eq. 79)
FN Average number of detections in the region (N; in Eq. 79)
IC Number of fixed clutter points detected
IRAN Random-number counter
ISET Initialization number for the random-number generator
v Total number of clutter detections (fixed plus variable)
K Range-cell number (K in Egs. 82 and 83)
NREG Number of regions (maximum of five)
PFAC Frequency of the pitch cycle
PHASE(1) Phase angle of the roll (¢ in Eq. 85)
PHASE(2) Phase angle of the pitch (¢p in Eq. 86)
PMAX Maximum pitch angle (P, in Eq. 86)
PTOUT(I) Pitch angle at the time of the ith detection (pitch in Eq. 86)

Table continues.
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Table 7 (Concluded) — VRCLTZ2 Variables

Fortran Variable Description
RADIAN 57.29578°, the number of degrees in a radian, or 180/7
RAN Array of random numbers U;, V;, and W;
RC(19) Range-cell dimension (AR in Eq. 82)
RES Range-cell dimension (AR in Eq. 82)
RF Final range of the clutter region (R in Eq. 83)
RFAC Frequency of the roll cycle
RLOUT() Roll angle at the time of the ith detection (roll in Eq. 85)
RMAX Maximum roll angle (R, in Eq. 85)
RMODE(1,5) Scan period (AT in Eq. 84)
ROUT(D) Range of the ith detection (R in Eq. 82)
RS Initial range of the clutter region (Rg in Eq. 83)
SOUT(I) Power of the ith detection
T Time of the zero-bearing crossing (T in Eq. 84)
THF Final azimuth of the clutter region (6 z in Eq. 79)
THS Initial azimuth of the clutter region (65 in Eq. 79)
TIMSCN Scan period (AT in Eq. 84)
TIMZB Time of the zero-bearing crossing (T in Eq. 84)
TOUT(I) Time of the ith detection
TWOPI Two times 3.1415926536, or 27

ROUTINES EXCLUSIVE TO SURDET3D
SURDETS3D 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 SURDETS3D 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 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 radar identification is used to
label the output files for subsequent use as input to the MERIT tracking program [2].

SURDETS3D 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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define scenario by input parameters
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Fig. 3 — Subroutine linkage by the SURDET3D executive routine. The solid lines indicate pro-
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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 7' 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, SURDETS3D 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
MRDTS3D 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 VRCLTS3 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 7T, 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;
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® 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 Constant used in sea-state calculations (to be described in the sub-
section on subroutine JAM in the next main section)
ALPHAD Grazing angle of the clutter patch (deg)
AMBN Thermal noise energy (J)
ANS1 Printed output control:
0 = no output printed
1 = detection output only printed
2 = detailed output printed
AZ(1K) Azimuth of the kth centroided detection of target I
AZINIT Azimuth beam position at the start of the elevation scan
AZOUT(L) Azimuth of the Ith clutter detection
AZ3(1,K,J) Azimuth of the kth detection of target I by mode J
BETA Constant used in sea-state calculations (described in the subsec-
tion on subroutine JAM)
BHDEG Azimuth of target I in degrees for printing
BUF Scan-output-ID array written on logical unit IOUT
BUF(1) Scan number
BUF(2) Start time of the present scan
BUF(3) Number of detections (including false alarms)
BUF(4) Radar ID
BUF(5) Ship’s heading (rad)
BUF(6) Total number of targets
BUFA Detection history array written on logical unit IOUT for each
target detection or false alarm K
BUFA(1,K) Target number or clutter detection number of the kth detec-
tion
BUFA(2,K) Range of the kth detection (n.mi.)
BUFA(3,K) Azimuth of the kth detection (rad)
BUFA(4 K) Elevation of the kth detection (rad)
BUFA(5,K) Time of the kth detection (s)
BUFA(6,K) Signal energy of the kth detection (dB)
BUFA(7,K) Roll angle of the kth detection (rad)
BUFA(8,K) Pitch angle of the kth detection (rad)

Table continues.
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Table 8 (Continued) —SURDET3D Variables

Fortran Variable

. Description

BUFB

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

BVDEG

CcCM
CNM
CONV

DBE
DBN
DWL(J)
ELEV(LK)
ELOUT(L)
ENDTIM
ENVIR(3)

FAC4
FOPIQB
FOPISQ
GN
IANS

IC

ICNT
IMODE(J,1)
IOUT

ISC
ISTAT(I)

ISWIT

Target true-position array written on logical unit IOUT for each
defined target
Target number (I)
Slant range to the true target- 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
logyg )
Signal energy of target I with respect to mode J (dBre 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
Multgpath propagation factor to the fourth power
(4m)
(4m)?
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

Description

ITITLE
v

MERS3(I)

MUL

NC(K)
NDET(I)
NDET3(1,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)

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 1
Pitch at the time of the kth clutter detection
Conversion factor for radians to degrees (180/m)
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
>0 = half with larger mean value used

Table continues.

42




NRL REPORT 8228

Table 8 (Concluded) —SURDET3D Variables

Fortran Variable Description
RC(22) Parameters used to calculate the threshold:
1 = mean used
2 = mean and variance used

RE 4/38 of the earth’s radius (m)

RFR Ratio of the basic radar frequency to the frequency of the cur-
rent radar mode

RINIT Latest time by which the radar is to begin scanning

RLOUT(K) Roll at the time of the kth clutter detection

RMODE(J,1) Lower 3-dB point of the elevation angle coverage for mode J (deg)

RMODE(J,2) Upper 3-dB point of the elevation angle coverage for mode J (deg)

RMODE(,5) Interlook period for mode J (h)

RMODE(1,6) Scan offset for mode 1 (h)

RMODE(J,7) Instrumented range for mode J (n.mi.)

RMODE(J,9) Earliest time any target enters the instrumented range of radar
mode J

ROLL(T) Roll angle at the time of detection of target I

ROUT(K) Range of the kth clutter detection

SHIP(5) - Heading of the ship (rad)

SIGC Total sea-clutter energy

SMODE(J,1) Blanking range for mode J (n.mi.)

SN Signal-to-noise ratio (dB) (assuming the radar is pointing at the
target)

SNDET(I,K) Signal energy of the kth centroided detection of target I

SNDET3(L,K,J) Signal energy of the kth detection of target I by mode J

SNTRUE Signal energy

SOUT(K) Signal energy of the kth clutter detection

T Current game time (h)

TARCS Target cross section

THH Basic radar horizontal 3-dB beamwidth (rad)

THV Basic radar vertical 3-dB beamwidth (rad)

TIME(I) Time of the detection of target I (s)

TIME3(I) Time of the detection of target I (s)

TOUT(K) Time of the kth clutter detection (s)

TRGPOS(1,4) Slant range of target I (n.mi.)

TRGPOS(I,5) Azimuth of target I (rad)

TRGPOS(1,6) Elevation of target I measured from the horizon (rad)

TSCAN(I,J) Time when target I comes within the instrumented range of radar
mode J (h)

v Range extent of the clutter cell (m)

XJAMN Total jamming energy (J)

XKTOMS Conversion factor for knots to meters per second

XNMTOM Conversion factor for nantical miles to meters

XYZF(1,4) Time when target I reaches the endpoint of its trajectory (h)
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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=
i=
2=

no output printed,
only the detection output printed,
detailed output printed;

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

1.
2.

Radar integer 1D,
Alphanumeric run identification;

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

1-3.
4.

Position coordinate (x, y, 2) (kft),
Ship heading (deg);

Data card 4—11 basic radar parameters (9¥8.2,12 F6.2 format):

M

[

HOOXAD oW

-Radar frequency (MHz),

Antenna pattern function indicator (0 = pencil beam and 1 = cosecant-squared
beam),

Receiver noise (dB),

Horizontal 3-dB beamwidth (deg),

Vertical 3-dB beamwidth (deg),

One-way antenna gain (dB),

One-way sidelobe level (dB down from peak),

Receiver loss (dB),

Transmitter loss (dB),

Number of scan modes (limited to 30),

Linear polarization (0° to 90°, where 0° = horizontal and 90° = vertical);

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

N oA

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 (us),

Interlook period (s) (must be identical for all modes),
Scan offset (s),

Instrumented range (n.mi.),
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8.
9.
10.
11.
12.

13.
14,
15.

NRL REPORT 8228

Mode-dependent loss (dB),

Number of pulses integrated,

Compressed-pulse length (us),

Sea-clutter improvement factor (dB), -

Intermediate-frequency bandwidth (MHz) (1f 0, the bandwidth is set at 1. 0/
compressed-pulse length),

Mode-dependent frequency increment (MHz),

Blanking time (us) (if 0, the blanking time is set at the pulse length),
Rain-clutter improvement factor (dB);

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

1.
2.
3.

o o

Number of reference cells on each side of the target cell,

Clutter correlation coefficient,

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),

Azimuth offset between beam positions (deg),

Video-type indicator (O = linear video and 1 = log video),

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),

. 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) (2I5 format):

1.
2.

Number of targets,
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
5~

-4,
8. Terminal coordinates (x, y, 2) (kft) and time (s),
9-11.
12,
13.

Initial coordinates (x, y, 2) (kft) and time (s),

Head-on, broadside, and minimum radar reflective areas (m2 ),
Jammlng power density (W/MHz),
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,

. Number of altitude nodes (max1mum of three), for target type 1, or target

speed (kft/s), for target type 2,

. First altitude node (kft), for target type 1, or initial heading of the target

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

maneuver begins, for target type 2,

. Second altitude node (kft), for target type 1, or radial acceleration of the

maneuver (g’s), for target type 2,
Time of the target arrival at the second node (s), for target type 1, or ignored
for target type 2, '

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

type 2,

. 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.
2.
3.
4.

Wind speed (knots),

Height of the wind-speed measurement (kft),

Multipath indicator (1 = multipath and 0 = no multipath),
Rainfall rate (mm/h);

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

1.

o oth W

© o~

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

Number of fixed clutter points,

Probability that a clutter point is detected,

Initial range of the clutter area (kft),

Final range of the clutter area (kft),

Standard deviation of the range measurement (percent of the range-resolution
cell size), ‘

Initial azimuth of the clutter area (deg),

Final azimuth of the clutter area (deg),

Standard deviation of the azimuth measurement (percent of the horizontal
3-dB beamwidth);

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

1.

2.

Initialization for the random-number generator for generation of variable
clutter points,
Number of clutter regions;

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

N o WM

Average number of clutter points in the region,
Initial range of the clutter area (kft),

Final range of the clutter area (kft),

Initial azimuth of the clutter area (deg),

Final azimuth of the clutter area in (deg),
Initial elevation of the clutter area (deg),

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 = currenf, 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 )s

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 8, 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 AR, azimuth beamwidth @, 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 -R,|<1.2 AR,
|A-ALl<019,
|[E-E,|<0.17;
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the second condition is

IR -R,|<0.1AR,

|A-A,I<1.20,

iE-EL|<01v;
and the third condition is

IR -R,|< 0.1 AR,

|[A-A4,1<0.180,

|E-E, 1 <127;
where R, A, and E are the range, azimuth, and elevation of the detection being tested and
R;,, Ay, and Ej, 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(KTAR,L,J) Same as variable A
DETPAR(K,1) Range R;, of the kth adjacent detection
DETPAR(K,2) Azimuth 4, of the kth adjacent detection
DETPAR(K,3) Elevation E,, 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,IJ) Same as variable R
RES Range-cell dimension AR
RMODE(J,1) Elevation angle E of the jth radar mode
SNDET3(KTAR,1,J) Signal power of the ith detection of target KTAR by the jth radar mode
TH3DB The antenna 3-dB azimuth beamwidth 6
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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 N 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 8 is

0 =0p(K, +IAZ - 2), (88)

where IAZ = 1 for the first beam position, 05 is the azimuth angle between complete eleva-
tion scans, and K, is the integer defined by

K, = integer [(A - 6;)/65 + 0.5], (89)
in which A is the target azimuth and 0 is the azimuth angle of the first elevation scaﬁ. |
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
Ry = AR(Kpg - 13), (90)

where AR is the range-cell dimension and Ky is the integer defined by v
Kpg = 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

Np =11-Np, (92)
and the index of the last range cell is
NL=15+NR‘ (93)

Thus, if Ny = 10, signal must be placed in all 25 range cells. The signal return for the ith
pulse and the jth range cell S;; and an indicator of signal in the jth range cell I(j) are initially
set to zero for all { 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 F;;, for the ith pulse, if the valid fluctuat-
ing amplitudes have not been calculated previously; IKEY(NTAR) = 1 indicates that F;;, has
been calculated previously for Swerling cases 1 and 3 (scan-to-scan fluctuations) for either a
previous azimuth or elevation beam position. If F;; needs to be calculated (either the first
time for Swerling cases 1 and 3 or every time for Swerling cases 2 and 4), F;;, is given for
the appropriate Swerling case NSW by the following equations, in which the U;,i=1, ...,

M, are independent random numbers uniformly distributed between 0 and 1. For NSW = 0
(nonfluctuating target)

Fp, =1, i=1,..,M. (94)
For NSW = 1 (scan-to-scan fluctuations, Rayleigh density)
Fik=‘1°gU1’ i=1,...,M. (95)
For NSW = 2 (pulse-to-pulse ﬂuctuations, Rayleigh density)
Fik =—10g Ui’ i= 1,..., M. (96)
For NSW = 3 (scan-to-scan fluctuations, chi-square density)
Fy =-05(log Uy +logUy), i=1,..,M. 97)
For NSW = 4 (pulse-to-pulse fluctuations, chi-square density)
Fi, =-0.5(log U; +log Uy, ), 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 Ky :
Kp =integer [(R;, - Rg)/AR], (99)

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

Kp=Kp+I, I=-1,0,1, (100)
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is given by (because of the (sin x)/x pulse shape)

F=[(sin Fy)/F31%, (101)
where
F;=2.1832(R, -Rp)/AR (102)
and ;
Rp=(Kp+ 6.5)AR +Ryg. (103)

At this time the indicator I(K ) is set equal to 1.
Similarly the signal reduction G due to the (sin x)/x antenna pattern is
G = [(sin G4)/G414, (104)
where
Gy = 2.1832(A;, - 0)/0345, (105)

in which 4, is the azimuth of the kth target and 034 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 Kpth range cell for the azimuth beam position specified by Eq. 88 is

Si’KT(neW) =Si,KT (Old) + GFFi,kPk/(C+N), (106)
where P}, is the signal energy of the kth interfering target.

The calculation indicated by Eqgs. 100 through 106 is first repeated for the adjacent
range cells indicated in Eq. 100. Then the calculation indicated by Eqgs. 94 through 106 is
repeated for all NI targets in the reference cells. Thus at the end of all of these repetitions
§; j 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 x;;. 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 S;; 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 x;; is given as follows. For clutter insignificant
(CM < N) and no signal in the jth cell (I(j) = 0)

x;=(-2lg U2, i=1,.,M, (107)

where the U; 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; = {[o; cos ¢; + (28;)1/2]2 + (o sin ¢;)2} /2, (108)
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where
o; = (- 2 log U;)1/2
and
¢ = 2nUjs -

For clutter significant (CM > N)

x;j = LICX; + ; cos ¢; + (28;) /%12 + (CY; + o sin ¢)*} /%,

where the Rayleigh-noise components ¢; cos ¢; and ¢; sin ¢; are given by

o; = N'(- 21og Uy, 3,)/?
and
¢; = 2mU;i 3y,
with
N'=[N/(C +N)}'2,
the clutter is given by

CX; = pCX;_4 + (1 - p?)M2a sin ¢

and
CY;=pCY;_4 +(1-p2)12a] cos ¢,
in which
af = C'(- 2 log U;)1/2
and
¢;' = 21Uy om»
with

¢’ =[ciC+ N2,
and the initial clutter values are

CXgy = C'ag cos ¢
and
CYO = C’OZO sin ¢6
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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

=) %y (122)

The detection threshold T; 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

L
Zi= or ). Gereit Zia ), (123a)
E =1
1 W
i=1
or
1 &
Z = N; Zi 1 (123c)
i=1
and the corresponding mean squares are
1 R
72 _ 2 2
72 = A Zl (Z% .+ 22 ), (124a)
i=
1
—_ 1 0 , _ ‘
z? = Ne Ly 22 i (124b)
i=
and
L
—_ 1 5
S 1 zZE (124c)
=
The standard deviation is
0; = [2} -(Z)*1'7, (125)
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where Zj2 and Z] use the same reference cells. The two-parameter threshold for either linear
or log video is

T; = Z; + F,0;, (126)

where the parameter F, 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

T;=F,Z; (127)
for linear video and
Tj =F, + 7} (128)

for log video.

Finally, detections are declared by comparing Z,5, Z13,and Zy4 to T4, T13,3and T4
respectively. If Z; is greater than T';, 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,

Rg + (j + 0.5)AR, the range of the detection,

0, the azimuth of the detection,

Z,(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 (¢; in Eq. 109)

AA Azimuth of the kth interfering target (4, in Eq. 105)

AOLDX Gaussian clutter random variable (CX; in Eq. 115)

AQOLDY Gaussian clutter random variable (CY; in Eq. 116)

AZBBP Azimuth angle between elevation scans (6 in Eq. 88)

AZIM Azimuth of the center of the present beam position (6 in Eq. 88)

Table continues.
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Table 10 (Continues) — DET3D Variables

Fortran Variable

Description

AZINIT
AZ3(LILJ)
Al

B

B1

C

cC

COR

D(J)

F
FDIF

FFN
FL
FLUCT(LJ)

FN
FSIG

G
GDIF

1AZ
11
IKEY(NTAR)

IMERGE

INF(I)
1S(J)

KAZ
KK

KR

KRS

KT

M

M2

M3

M4
MERS(I)

MODE

Azimuth of first complete elevation scan (6; in Eq. 89)

Azimuth of the IIth detection of the ith target by the jth mode

Rayleigh random variable (¢ in Eq. 117)_

Uniformly distributed phase angle (¢; in Eq. 113)

Uniformly distributed phase angle (¢; in Eq. 118)

Clutter energy (C in Eqgs. 106, 114, and 119)

Normalized clutter energy (C' in Eq. 119)

Clutter correlation coefficient (p in Eqgs. 115 and 116)

Detection threshold for the jth range cell (Tj in Egs. 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 (F; 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
(F;;, in Egs. 94 and 98)

Noise energy (N in Eqgs. 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 (G, 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 (K in Eq. 99)

Range cell in which target NTAR lies (Kpg in Eq. 91)

Range cell adjacent to the target cell (K1 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

Description

MODEL(I)

MS

N
NDET3(1,d)
NF

NI

NREF

NREF2
NRF
NRS .
NS
NSW

NTAR
N3DB
P )
PARM

R(I)
RANGES(LILJ)
RES

RR

RS

RTEMP

S

SM
SNDET3(L,ILJ)

SNINT
SNREF(K)
SS(L,J)

SUM(J)
THRSH
TH3DB
TRGPOS(L,4)
TRGPOS(L,5)
TWOPI

U

ULOW

UUP

X(1,J)

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 Egs. 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 (N in Eas.
123 and 124)

Two times NREF (2N in Egs. 123a and 124a)

Last range cell used (N, in Eq. 93)

First range cell used (Ny in Eq. 92)

First pulse simulated (1 in Eqgs. 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)1/ 2 in Egs. 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 threshoid

Uniform random numbers (U; in Egs. 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 (R}, in Eq. 99)

Range to the first of the 25 range cells (Rg in Eq. 90)

Range to the center of the Krth range cell (R 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 (P}, in Eq. 106)

Signal energy of the ith pulse and the jth range cell (S in Eqgs. 108
and 111)

Integrated sum of the jth range cell (Z; in Eq. 122)

Indicates reference cells to be used

The 3-dB azimuth antenna beamwidth (6345 in Eq. 105)

Range of the ith target (R in Eq. 91)

Azimuth of the ith target (4 in Eq. 89)

Two times 3.1415926536, or 27

Mean value of the reference cells (Z-J in Eq. 123a)

Mean value of lower half of the reference cells (Z in Eq. 123c¢)

Mean value of upper half of the reference cells (Z in Eq. 123b)

Video return of the ith pulse in the jth cell (x;; in the text preceding
Eq.107) ’
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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 (Z2 in Eq. 124a) — v
XMSLOW Mean square of the lower half of tile reference cells (ij in Eq. 124c)
XMSUP Mean square of the upper half of the reference cells (ZJ2 in Eq. 124b)
Subroutine FXCLT3

Subroutine FXCLT3 generates fixed clutter points and is called once per scan byrthe
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 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 =c7,/2, (129)

where c is the speed of light and 7, 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

0,~ = GS + (BF - GS)Vi’ (131)
where R; and 0; are the range and azimuth of the clutter points, Rg and Ry, are the initial
and final range boundaries of the clutter area, g and 0 are the initial and final azimuth

boundaries of the clutter area, and U; and V; 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 P,, the probability of detecting
the clutter point. If U << P,, 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 ‘

R, = (K +0.5)AR, (132)
whete
K = integer {[R; + g (- 2 log Ui)ll2 cos 2nV;]/AR}, (133)

in which o is the measurement standard deviation and U; and V; are uniform random
numbers. The errors in azimuth and elevation are

€q = 0 (- 2log U/ sin 21V (134)
and
€, = W;0,/2, (135)
where 04 is the standard deviation of the azimuth measurement, 0, is the elevation beam-

width, and U;, V;, and W; are uniformly distributed random numbers. The angles of roll R
and pitch P at time ¢ are

R =R sin (27t/Tp + ¢p) (136)
and

P =P, . sin (27t/Tp + ¢p), (137)
where R, . and P .. are the maximum roll and pitch angles, T and Tp are the cor-

responding periods, and ¢ and ¢p are uniform phase angles between 0 and 27. The meas-
ured azimuth position a,, (in the deck plane) is [3]

_1 |sina cos R + (cosa sin P + tan e cos P) sin Rj}
= tan~! +e 138
@m = 120 [ cos g cos P - tan e sin P @ (138)
and the measured elevation position e, is [3]
e, = sin~! [cos e cosa sin P + sin e cos P)cos R -cosesinasin R] +¢€,, (139)

where a = 0; is the true azimuth, e = 0 is the true elevation of the clutter point, and €, and
€, are the previously calculated azimuth and elevation errors. Finally the measurements a,,
and e,, 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]

' pan-t [— sin R sin e,, + cos R sin a,, cos em} (140)

a,, = :
m cos P cos a,,; cos ey, +Dsin P
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and
e, = sin~! [sin P cos dm cose,, +DcosP], (141)
where
D=cosRsine,, +sinRsinag,, cose,,. (142)
The detection time T; is proportional to the azimuth:
T; =Ty + (AT)0;/2w, (143)

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

Table 11 — FXCLTS3 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 (e in Eqgs.
138 and 139) ,

AM Azimuth measurement (between 7 and 37)

AT Measured azimuth (between 0 and 27) (e, in Eq. 138)

ATEMP Azimuth measurement (between 7 and 3)

AZ True azimuth of the clutter point (6; in Eq. 143)

AZOUT Azimuth measurement (a,, 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 (e,, in Eq. 141)

ET Elevation measurement (e,, 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 (¢ in Eq. 136)

PHASE(2) Phase angle of the pitch (¢p in Eq. 137)

PMAX Maximum pitch angle (P, ,, in Eq. 137)

PROB Probability that the clutter point is detected (P, in text preceding
Eq. 132)

Table continues.

1

61

AITITSSVIOND



DAVIS AND TRUNK

Table 11 (Concluded) — FXCLT3 Variables

Fortran Variable Description
PTOUT Pitch at the time of the ith detection (P in Eq. 137)
R True range of the clutter point (R; in Eq. 130)
RADIAN 57.29578°, the number of degrees in a radian, or 180/m
PAN Array of un1form random numbers (U; in Egs. 130, 133, and 134)
RAY Rayleigh random number
RC(4) Azimuth beamwidth
RC(5) Elevation beamwidth (6, in Eq. 135)
RC(19) Range-cell dimension (AR in Eq. 129)
RES Range-cell dimension (AR in Eq. 132)
RF Final range of the clutter area (R in Eq. 130)
RFAC Frequency of the roll cycle
RLOUT Roll at the time of the ith detection (R in Eq. 136)
RMAX Maximum roll angle (R, in Eq. 136)
RMODE(1,5) Scan period (AT in Eqg. 143)
ROUT Range measurement (R, in Eq. 132)
RS Initial range of the clutter area (Rg in Eq. 130)
SHIP(5) Ship heading
SIGA Standard deviation of the azimuth measurement (0, in Eq. 134)
SIGR Standard deviation of the range measurement (o5 in Eq. 133)
SOUT Energy of the ith detection :
Sp Sine of the pitch angle
SR Sine of the roll angle
T Time of the start of the radar scan (TO in Eq. 143)
TAU Compressed pulsewidth (s) (7, in Eq. 129)
TE Tangent of the elevation angle (zero) ‘
TH Uniform distributed phase angle
THF Final azimuth of the clutter area (6 r in Eq. 131)
THS Initial azimuth of the clutter area (65 in Eq. 131)
TIMSCN Scan period (AT in Eq. 143)
TIMZB Time of the zero-bearing crossing (T in Eq 143)
TOUT Detection time (T; in Eq. 143)
TWOPI Two times 3.1415926536, or 27
X Trigometric function of angles
Y 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(83) — 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 0° to 90° (0° = horizontal and 90° = 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,
RMODE(J,11) — compressed-pulse length (us),
SUBC(d) — sea-clutter improvement factor (dB),
REMODE(I12) — intermediate-frequency bandwidth (MHz) (if O 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),
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SM — blanking time (us) (if O 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 dev1at10ns 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,

¢ 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)
IMODE(J,1)
IMODE(J,2)
MILLION
MM

NSCAN

PI
PIOVER2

Frequency increment for mode J (MHz)

Number of pulses integrated for mode J

max (Bip 7., 1) rounded to the nearest integer for mode J
1 X106

Effective number of pulses integrated

Number of scan modes

3.1415926536, or 7

One half of 3.1415926536, or 7/2

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 (0° to 90°, where 0° = horizontal and 90° = vertical)
57.29578°, the number of degrees in a radian, or 180/7
Radar frequency f (MHz)
Indicator of the antenna-pattern function:
0 = pencil beam
1 = csc? 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 (us 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 (us)
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) (us)
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 7, (s)
Two times 3.1415926536, or 27

n
N1

i
i
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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

MERJ3(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(1,d) 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
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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= )" SR,/ S, (144)
k=1 k=1
K K

A= ) 84,/ S, (145)
k=1 k=1
K

E= )" 3B,/ ) S, (146)
k=1 k=1

S = max {Sl . Sz, ey SK}’ (147)

and

where R, A, E},, and 8}, 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= (B, + Bp)/2, (148)
where
E_;, =min {E,E,, .., Ex} (149)
and
E,,. =max {E,Ey, .., Eg}. (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

Description

AZ(KTAR,I)
AZ3(KTAR,1J)

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

EL3DB
EMAX

EMIN

I
Il

J

JJ

K
KTAR
LTAR
MER(I)

MERS3(I)

N

NDET(I)
NDET3(LJ)
NEWJJ

NSCAN

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 (R, in Eq. 144)
Azimuth of the kth adjacent detection (4, in Eq. 145)
Elevation of the kth adjacent detection (£ in Eq. 146)
Signal power of the kth adjacent detection (S), 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 (E,,,, in Eqgs.
148 and 150)
Minimum elevation of the adjacent detections (E,,;, in Eqgs.
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 Description

RANGE(KTAR,I) Range of the ith centroided detection of target KTAR (R in
Eq. 144) v

RANGE3(KTAR,I,J) Range of the ith detection of target KTAR by the jth radar
mode

RES Range-cell dimension

RMODE(J,1) Elevation angle of the jth mode

SNDET(KTAR,I) Signal power of the ith centroided detection of target KTAR

(Sin Eq. 147
SNDET3(KTAR,IJ) Signal power of the ith detection of target KTAR by the jth

radar mode
TH3DB The antenna 3-dB azimuth beamwidth
TIME(I) Time when the ith target is detected
TIME3(I) ' Time when the ith target is detected

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 4¥8.2
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 STABS3 once

per scan from the executive routine (after all detections have been obtained). The roll R and

pitch P angles at time ¢ are

R =R, sin (21t/Ty + ¢g) (151)

and

P=P, sin (2nt/Tp + ¢p), (152)

where R, and P,, are the maximum roll and pitch angles, Tp and Tp are the corresponding
periods, and ¢ and ¢p are uniform phase angles between 0 and 27. The measured azimuth

position a,, (in the deck plane) is [3]

69

GITITSSYIOND



DAVIS AND TRUNK

— .. -1 |sinacos R + (cosasin P+ tan e cos P) sin R +
= € 153
U = ton [ cos a cos P - tan e sin P a> (153)
and the measured elevation position e, is [3]
ey = sin~1 [(cosecosasinP+sinecosP)cosR -cosesinasinR] +¢,, (154)

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

a

If one measured only a,, and not e, , one would have large azimuth errors. For
instance, if R = 10°, P = 5°, and e = 15°, the azimuth error can be as large as 5° even
though o, = 0.5°. However, if e, is measured and R and P are known, the measurements
a,, and e,, , 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 e e 159
and
e,, =sin"! (sin P cos a,, cos e,, + D cos P), (156)
where
D =cosR sin e, +sin R sina,, cose,,. (157)

It is assumed that the radar makes the corrections indicated by Eqgs. 155 and 156; thus Eqgs.
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 Egs. 153 and 154)

AM Corrected azimuth measurement (between 7 and 3m)

AT Azimuth measurement (between 0 and 27) (a,, in Eq. 153)

ATEMP Azimuth measurement (between 7 and 37)

AZ Corrected azimuth measurement (between 0 and 27) (a,'n 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 Egs. 153 and 154)

Table continues.
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Table 15 (Concluded) — STABS3 Variables

FTSSYIONN

T
E
H

i3

Fortran Variable Description
ELEV Corrected elevation measurement (e,, in Eq. 156)
ET Elevation measurement (e,, 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 (¢ in Eq. 151)
PHASE(2) Phase angle of the pitch (¢p in Eq. 152)
PI 3.1415926536, or
PITCH Pitch angle (P in Eq. 152)

PMAX Maximum pitch angle (P, in Eq. 152)

PPER Period of the pitch cycle (Tp in Eq. 152)

RADIAN 57.29578°, the number of degrees in a radian, or 180/7

RFAC Frequency of the roll cycle

RMAX Maximum roll angle (R, in Eq. 151)

ROLL Roll angle (R in Eq. 151)

RPER Period of the roll angle (T 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(1,6) Elevation of the target

TWOPI Two times 3.1415926536, or 27

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 F; is generated by

F; = (0p - 05)/N;, (158)

where Og and 0 are the initial and final azimuth boundaries of the ith clutter region and N;
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 A;

between detections is generated by A; = - F; log U;, where U; is a uniformly distributed
random number, If

i
Z A; < (0p - 0g), (159)
Jj=1

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

i
0 =0g + Z A, (160)
j=1
L
R = (K + 0.5)AR, (161)
and

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

K = integer {[Rg + (Rp - Rg)V,;1/AR},  (163)

in which Rg and Rj are the initial and final range boundaries of the ith clutter region and
V; and W; are uniformly distributed random numbers. The associated detection time is

T, =T, + (AT)0 /2, (164)

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

roll = R, sin (2nt/Tp + ¢R) (165)

m
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and
pitch = P, sin (27t/Tp + ¢p), (166)

where R,, and P, are the maximum roll and pitch angles, T, and Tp are the corresponding
periods, and ¢p and ¢p are uniform phase angles between 0 and 2m.

On the other hand, if
i
Z A;> (05 - 05), (167)
ji=1

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

Table 16 — VRCLT3 Variables

Fortran Variable Description
A Azimuth of the detection (6 in Eq. 160)
AZOUT Azimuth of the detection (output) (8 in Eq. 160)
ELF Final elevation of the clutter region (Ez in Eq. 162)
ELOUT Elevation of the detection (F in Eq. 162)
ELS Initial elevation of the clutter region (Eg in Eq. 162)
FLAM Inverse azimuth density of the clutter points in the ith clutter region
(F; in Eq. 158) '
FN Average number of detections in the region (; in Eq. 158)
IC Number of fixed clutter points detected
IRAN Random-number counter
ISET Initialization number for the random-number generator
v Total number of clutter detections (fixed plus variable)
K Range-cell number (K in Eqgs. 161 and 163)
NREG Number of regions (maximum of five)
PFAC Frequency of the pitch cycle
PHASE(1) Phase angle of the roll (¢ in Eq. 165)
PHASE(2) Phase angle of the pitch (¢p in Eq. 166)
PTOUT(I) Pitch angle at the time of the ith detection
PMAX Maximum pitch angle (P,, in Eq. 166)
RADIAN 57.29578°, the number of degrees in a radian, or 180/7
RAN Array of random numbers U;, V;, and W;
RC(19) Range-cell dimension (AR in Eq. 161)
RES Range-cell dimension (AR in Eq. 161)
RF Final range of the clutter region (R in Eq. 163)
RFAC Frequency of the roll cycle
RLOUT(I) Roll angle at the time of the ith detection
RMAX Maximum roll angle (R, in Eq. 165)
RMODE(1,5) Scan period (AT in Eq. 164)

Table continues.
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Table 16 (Concluded) — VRCLT3 Variables

Fortran Variable Description
ROUT() Range of the ith detection (R in Eq. 161)
RS Initial range of the clutter region (Rg in Eq. 163)
SOUT(I) Power of the ith detection
T Time of the zero-bearing crossing (T in Eq. 164)
THF Final azimuth of the clutter region (6 in Eq. 158)
THS Initial azimuth of the clutter region (0g in Eq. 158)
TIMSCN Scan period (AT in Eq. 164)
TIMZB Time of the zero-bearing crossing (T in Eq. 164)
TOUT(I) Time of the ith detection
TWOPI Two times 3.1415926536, or 27

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.

TARGET

RADAR HORIZON

(a) Pencil beam

RADAR HORIZOM

- - a
B ® TARGET
7
ey

e ———
(b) Cosecant-squared beam

Fig. 5 — Beam patterns
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Function BEAM uses a (sin x)/x curve to represent the horizontal and v~
patterns of the pencil beam and the horizontal beam pattern of the cosecn!
The vertical beam pattern of the cosecant-squared beam is modeled by
(sin x)/x representation and an extended fan above the main beam in whic
gain will vary with elevation angle according to R2/h2, where R is the slant range to the
target and h is the height shown in Fig. 5b.

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

0= 2—B7—8 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

. 9.
f= (%}9 (169)

unless 101 <1076 or 161> 7, in which cases
f=1.0, lol<108 ‘ | (170a)
and
f=fs,, O1>m, | ' (170b)
where fg1, 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 § and a constant k: :

- kB .
E= . o amnm

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 curve with
elevation angle ¢ has a radius r or normalized power magnitude given by
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_ sin po 2 |
r ( o0 ) . (172)
where
2.78
= 21© 173

p B (173)
and

0=¢-E. (174)

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

+ ) . .
x +yy - 9% sin pf |cos pf _ sin p6 o' (175)
r po po (p9)2
where
6 =tan"! 2 (176)
x
and

=X -y (177)

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

x . sin p6,, [cosp@h i sinp@h:l y ’
r oy 'p(ih (peh)z 2
or
sin p0), | cos pb, sin pf,, ;
r=-2p 20, li 0, - (th)zj]tangbh, ' (178)
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where ¢,, is the elevation angle corresponding to 0. Substituting the expression for r from

Eq. 172 gives

0=1+2p (cotp@h - ;;—-) tan ¢y,. (179)
h

It is reasonable to assume that ¢, and 6, are small. With this assumption it can be
shown that

0 L Rl 180
cot pGy, - 70, ¥ —5 (180)
and
tan ¢, =~ ¢y,. (181)
This reduces Eq. 179 to
2024, 6),
— =1 (182)
3
or, by substituting Eq. 174,
20%¢y, (¢, -E) = 3, (183)

which can be rearranged into the quadratic form

3 :
2 =
¢y, - E - g 0 (184)

with the root

_E+(E?+6/p?)'"

185
5 (185)
By use of Egs. 171 and 173 this can be expressed as a function of §:
5= 1|E8, k262 ep? 12
y = = =
= % [k + (B2 + 3.1)1/27. (186)
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The normalized beam-pattern factor (power) for the vertical pattern of the cosecant-
squaved beam can now be determined according to the position of the target. If the target
elevation is above ¢, , the antenna beam-pattern factor will vary with elevation according
to the square of the cosecant:

K
f(9)= —— (187)
csc
where K is readily found to be
K = f(¢p,) csc? ¢, (188)
so that
csc? [
F(9)=1(dn) — (189)
csc” ¢
Table 17 — BEAM Variables
f'ortran Variable Description
ALPHA Angle between the boresight and the target (rad) (« in Eq. 168)
BETA The 3-dB beamwidth (rad) (§ in Eq. 168)
DBDOWN First-sidelobe power-level ratio
GAMMA Beam pattern indicator:
0 = pencil beam
1 = csc? beam
HOFK Elevation angle at which the slope of the (sin px)/px beam pattern
equals zero (rad) (¢, in Eq. 178)
KEY1 Beam-pattern-factor indicator:
0 = horizontal
1 = vertical
PBBS The elevation of the boresight of the main-beam portion of the csc?
beam (rad) (£ in Eq.171)
RMODE(J,2) Upper elevation limit for mode J (rad) (£, in Fig. 5)
SINC Normalized beam-pattern factor (power) (f in Egs. 169, 170, and
191) '
THETA Noimalized angular position of the target (rad) (0 in Eqgs. 168, 174,
and 176)
THETBE The 3-dB beamwidth (rad) of the main-beam portion of the
cosequent-squared beam multiplied by a constant & that sets
THETBK equal to twice the elevation of the pencil-beam bore-
sight

If the target elevation is less than or equal to ¢,
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. 2
M] ] (190)

f(¢) = [ 26 -F)

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

2 |
2.78 2.78

= i - . < 191

(o) <{S‘“ ﬁ[¢>—(k6/2)]} B[¢~(kﬁ/2)]> SRR (1912)

2.78 csc? o, 2.78 csc? ¢, \
sin 5 2 ’ E,>¢> 0,
BLdy, - (BB/2)] csc® ¢ Bldy - (RB/2)] CSC 0 (191b)

it

first sidelobe level, ¢ >E,. (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
0p, 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 65 = - 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 m2,

Values of g, 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(1,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 o 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 0 pis

00(6,,) = [(0g,, cos 0,)2 + (0o, sin 6,)21'"%. (192)

This value of 0y is returned to subroutine JAM, thereby completing the process.
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Table 18 — CLTSIG Variables

Fortran Variable Description
ANG Linear polarization (rad)
INDEX(L,d) 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

NDX(I) Parameter bookkeeping array:

NDZX(1) = number of radio frequencies considered

NDZX{(2) = number of Beaufort scales considered

NDX(3) = number of incident angles considered

PAR(1) 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

PAR(2) Similar to parameter 1 but for the Beaufort scale, with a range of
1to6 .

PAR(3) Similar to parameter 1 but for 10 times the incident angle, with a
range of 1 to 100 (0.1° to 10°)

POLRZ Linear polarization (deg) (0° = horizontal) (6p in Eq. 192)

SIGN Normalizing factor applied to TEMP

SIGOH(1,J,K) Three-dimensional array relating normalized reflectivity to the
radio frequency (I), Beaufort scale (J), and incident angle (K)
for horizontal polarization (0¢y in Eq. 192)

SIGOV(1,J,K) Similar to SIGOH but the vertical polarization (0gy, in Eq. 192)

SIGZ Normalized reflectivity (dB below a 1-m?2 target cross section/m?)
(0g in Eq. 192)

SIGZP Normalized reflectivity associated with vertical polarization (dB
below a 1-m? target cross section/m?2) .

TEMP 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)

XANG Incident angle (rad)

XBEAU Beaufort scale

XFRE 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

Hyj3 = 40y, (193)
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where H. 1/3 1s the significant wave height and 0}, is the standard deviation. The significant
wave height is related to the windspeed at the sea surface V by

Hy3=0.02667 V2, (194)
where V is in meters per second and H. 1/3 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

Vig = Vi (10/H)009682 (195)

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

o, = 0.00667 V2 (H/10) 0-19364 (196)

Table 19 — ENVIRN Variables

Fortran Variable Description
ENVIR(1) Windspeed at height H (knots) (Vg in Eqs. 195 and 196)
ENVIR(2) Height of the windspeed measurement (kft) (H in Eqgs. 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) (o}, in Egs. 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 (fpy). The angle between the direct ray and
the reflected ray (Fig. 6) is then

2R, sin Y cos

R

sin o, =

(197)
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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) (o, in Eq. 197)
FH Horizontal beam-pattern factor (power) (fp,, in Eq. 198)
FHV(K) Pattern function (total) for target K
Fv Vertical beam-pattern factor (power) (fp,, 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(f8) 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? 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) (R, in
Eq.197)
TRGPOS(1,4) Slant range of target I (m) (R in Eq. 197)

TRGPOS(1,5)
TRGPOS(1,6)

Azimuth of target I (rad)
Elevation of target I with respect to the horizon (rad)

TARGET ITAR

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 fpy,, which is used in turn to calculate the total beam-pattern
factor from

fp =fPH fPV (198)

and the field strength ratio from

f(B) = 152, (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 (fy) and vertical (fV) beam pattern factor. The total beam-
pattern factor for jammer J is then

fHV = fov- (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
GrLer 'SJfHV>\2
(47°)R
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where G, is the one-way antenna gain, L, is the receiving antenna loss, L,,, is the mode-
dependent loss, S 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 multipath effects. It calculates a one-way
amplitude propagation factor F, which is used to determine the jamming energy from
jammer J as

E;=Ey,F2. (202)
The total jamming energy is
N, ;
Er;= ) E; (203)
J=1

where N 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 0. This is performed by subroutine CLTSIG, which evaluates 0 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

v v 75 0.09682 904
10~ Vy (‘g—) . (204)
The Beaufort sea state is

Bgg = 0.6077(V,)°7186, (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 rd¢dr is considered (Fig. 7). The energy received (dE) from this element is

2

dE=C %— rdedr, (206)
r
where
PrA2L,L,L,, 0,
C = ren (207)
473
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1
TARGET

/.dr

—— X
RADAR C , — s
. CLUTTER —4
. #

Fig. 7 — Differential clutter element

TARGET

a (|4/3 EARTH’'S RADIUS)

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(0r +a,d). (208)

Here 07 is the angle between the local horizontal and the target or beam center, that is
(Fig. 8)

hp ~h, R)
~ sin™! - = 209
0 = sin ( = %) (209)
a is the angle between the local horizontal and the reflected ray, given to a first-order
approximation by
h
~sinl o R ‘ | 210
o~ sin < ¥ Za) . ( )

and ¢ is the azimuth of the clutter element with respect to the beam center.
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TARGET

CLUTTER ANNULUS

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 = é cT sec Y, (211)

where 7 is the pulse width and { is the grazing angle. The total sea-clutter energy is

27 min(+/2ah, R+AR) 2
E=C f f w drd¢, (212)
0  Ymin(v2ah,R) r
where 0 =0 + o, or
h r
= i1 —_—
0 0T + sin (r 2(1) s (213)_

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 U.(Rq, R5):

2n oo G2
E=C f f ) U.(Ry,R5) drdo, (214)
0 0 r
where
R, = min(R,\/2ah) (215)
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and
Ry, = min(R + AR,+/2ah). (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

27 o 0 0 ¢ )
1 B B B ‘B
E1 = j(; J(; ;E UB <" 2— ’ "2—> U¢ <" _2‘ ’ _é‘> Ur(Rl’RZ) drd¢’ (217)

where ¢p and 6 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 ¢:
= 1 0p g
. E, =C¢p — Uy \- 5 , 5| UAR{,Ry) dr. (218)
o 13 2 2

From Eq. 213 it is possible to express r as a function of 6:

r(9) = 2h . (219)

sin (0 - 07) + [sin® (6 - 07) - (2h/a)}V/2

Thus the integral of Eq. 218 can be expressed entirely as a function of r:

e 0 0
El =C¢B-f ’l Ur[ (— 'EB> ,r(‘ébi)] Ur(Rl,Rz)dr

0 r

o 0 0
1 B . B
=Cog L ;5 U, {max [Rl s <— E):, , min I:Rz , T (E)]} dr. (220)

The notation can be simplified with the definitions

GB
S{ = max Rl,r<—- ?) (221a)

«w

and

8y =min|Ry,r| || , (221b)
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so that Eq. 220 can be written as

I |
0 r

Integration of Eq. 222 yields
1 1 .
By =1 ocgg 2 - L), (223)
2

Similarly the energy from the remainder of the annulus can be expressed as

E;=CS|n _12 -_15 -H{, (224)
Rl R2

where S represents a constant value assigned to the antenna directional gain (usually the
sidelobe level) and

i
H= 2 gp(= - =) (225)
Sl Sz
The total sea-clutter energy can now be expressed as

1 1
E=E{+E;y=C|bn[— - —\-H(S-1){, (226)

R? R?

1 2

which is then reduced by the input sea-clutter improvement fggj:g I,: JJ Tt 7
P e AT
E, =EI,. p oo ot 1o (221)

Table 21 — JAM Variables

Fortran Variable Description
ALPHA Grazing angle of the clutter cell (rad) (« in Fig. 8)
ALPHAD Grazing angle of the clutter cell (deg) (o 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

Description

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

Total sea-clutter energy adjusted by the improvement factor (J) (E,

in Eq. 227)
Total jamming energy (J) (ETJ in Eq. 203)
Windspeed (knots)
Height of the wind-speed measurement (kft) (Vy in Eq. 204)
Normalized horizontal beam pattern factor (power) (fy in
Eq. 200) .
Total normalized beam-pattern factor for jammer J (power)
Four times the square of 3.1415926536, or 472
Normalized vertical beam pattern factor (power) (fy, in Eq. 200)
Height of the radar (m) (&, in Fig. 8 and Eqgs. 209 and 210)
Height of target JTAR (m) (hr in Fig. 8 and Eq. 209)
Target under detection
Total number of targets and jammers (N 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) (¢g in Eq. 217)
Jamming power density (W/Hz) (S; in Eq. 201)
Linear polarization (deg)
min(slant range, horizontal range) (R in Egs. 214 and 215)
max(slant range plus pulse width, horizontal range) (R, in Egs.
214 and 216)
Basic radar frequency (MHz)
Indicator of the antenna-pattern function:
0 = pencil beam
1 = csc2 beam
Horizontal 3-dB beamwidth (rad) (¢g in Eq. 217)
Vertical 3-dB beamwidth (rad) (65 in Eq. 217)
One-way antenna gain (dB) (G, in Eq. 201)
Receiver antenna loss (dB) (L, in Eq. 201)
Losses between the transmitter output and free space (dB) (L; in
Eq. 201)
Range corresponding to 05/2 (m), or r(05/2)
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 (L, )
Range corresponding to - 0g/2 (m), or r(- 05/2)

Total sea-clutter energy adjusted by the improvement factor (J) (E,.

in Eq. 227)
Jamming power density (W/Hz) (S; in Eq. 201)
Normalized mean backscatter (m2/m?2) (o, in Eq. 207)
Sine of the grazing angle at the clutter cell, or sin « (Eq. 210)

Table continues.
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Table 21 (Concluded) — JAM Variables

Fortran Variable

Description

SR Slant range of target JTAR (m) (R in Eq. 201)
SUBC(K) Clutter improvement factor for mode K (I, in Eq. 227)
TEMPWR Signal energy with the target at the center of the beam
THETB Vertical 3-dB beamwidth (rad) (6 in Eq. 217)
THETT Target elevation with respect to the local horizontal (rad) (0, in
Eq. 209)
TRGPOS(J,3) Height of jammer J (n.mi.)
TRGPOS(J,4) Slant range of jammer J (n.mi.)
TRGPOS(J,5) Azimuth angle of jammer J (rad)
TRGPOS(J,8) Elevation angle of jammer J (rad)
\Y% Range extent of the clutter cell (m) (AR in Eq. 211)
WVL Wavelength (m) (A in Eq. 201)
ws Intermediate parameter (H in Eq. 225)
XFRE Radio frequency of the scan mode under consideration (MHz)
XJAMFA Jamming energy from the jth jammer (J) (E; in Eq. 202)
XJAMN 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

A-B
d2 = l———B ' - (A2 - R2)), (228)

where R, is the radar’s instrumented range. The ratio x/|B|, defined as

is given by

distance from the initial point to a range of R,

" distance from the initial point to the final point ’ (229)
x 1 [A-B
B~ \m\_ Y- 230
1Bl B] ( B ) (230)
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TARGET'S INITIAL POSITION
/-

SHIP

TARGET'S FINAL POSITION

Fig. 10 — Target-and-ship geometry

This ratio is used to determine tp, the time required for the target to travel from its initial
point to the point where it comes within instrumented range:

tg =t * (tr -t (231)

X
|B|
where t; and t; represent respectively the initial and final times of the target’s trajectory.

The starting time ¢;(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)] (232)

N(J) = integer part [ Atd)

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 R; .. 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

tocan(J) = £;(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 Description

A(K) The kth component of the vector A (n.mi.)

ADOTB Dot product of vectors A and B (A * B in Egs. 228 and 230)

ADOTB2 Dot product squared: (A * B)2

AMAG2 Magnitude of A squared (|A[2, or A2, in Eq. 228)

B(K) The kth component of the vector B (n.mi.)

BMAG2 Magnitude of B squared, or |B|2

DISC Quantity used in simplifying the calculations: B2d?2

ISTAT(I) Status indicator for target I at the current time T

0 = inactive
1 = active

ITYPE(I) Target type for target I

NSCAN Number of scan modes

NTARG Number of targets

RMODE(J,5) Interlook period for mode J (h) (At(J) in Eqgs. 232 and 233)

RMODE(J,6) Time offset for mode J (h)

RMODE(J,T7) Instrumented range for mode J (n.mi.) (R, in Eq. 228)

RMODE(J,9) The earliest time at which mode J first scans any target within the
instrumented range

SHIP(K) Position coordinates of the ship (n.mi.)

TALT(,L) Altitude of the trajectory of a type-1 target I on leg L (n.mi.)

TERM Square root of DISC: /B2d? = |Bd|

TMANI(I) Time a type-2 target I begins its maneuver (h)

TSCAN(L3) Time at which mode J first scans target I after it has come within
the instrumented range (h) (t..,,(J) in Eq. 233)

UMINUS Ratio used to calculate XSCAN (x/|B| in Eq. 231)

XN The number of scans made by mode J while the target is going
from its initial point to the instrumented range (N(J) in
Eqg. 232)

XYZF(1K) Final position coordinates of target I (n.mi.)

XYZI(1,K) Initial position coordinates of target I (n.mi.)

XSCAN Target travel time from its initial position to the radar mode’s
instructed range (tp 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(IJ), 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 O 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

———

DIFFRACTION
REGION

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

€, = € - i60Aa (235)

where €; is the ordinary dielectric constant, A is the wavelength, and o is the conductivity.
Values of €; and o 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.

i
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Table 23 — Values of the Frequency, Dielectric Constant,
and Conductivity Used in MULPTH

f (MHz) €1 o (mhos/m)

<1500 -80 4.3
1500 to 3000 80 -10.00733 (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 [7]

F=2/7% ¢ “ Uy (21)U,(2,)), (236)

where X is the target ground range in natural units,

X= (237)

il

in which r is in meters and L is the natural unit of range,

4R\ "1/3
L=2{—] , (238)
(12 ‘

with a being the earth’s effective radius and k( being the radar wavenumber k£ = 27/\ multi-
plied by the index of refraction ng at the earth’s surface. In Eq. 236 U; and U, are calcu-
lated by subroutine UFUN. Only the factors that are target independent, namely, C; and
U 1(Z1 ), are calculated on the initial pass for a new frequency mode. The term C, is the
imaginary part of the parameter A, which is used also in evaluating U, (Z; ) in subroutine
UFUN. The parameter A, is [7]

1

A = 23381 e2mi3 + I-J—p , (239)
where H is the natural unit of height,
~1/3
- [2rd /
H= P s (240)
and
p = ikg(e, - 1)1/2 (cos 0 + S‘: 6) , (241)
C

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 ry is a function of
target height ho, antenna height h,, and target ground range r (Fig. 6). This relationship is

or8 - 312 + [2 - a(H, + Hy)]ry + 2aH;r =0, . (242)
where
h;
Hi=h(1-—], i=12 (243)

Equation 242 has the solution

ri =5 *sgn (Hy - Hy)Pcos (¢ ; ”), (244)

where

1/2
4 r\2
P= {E[a(Hl + H,) + (E) ]} (245)
and
(2ar|H1 -H2|>
¢=cost| ——m— (246)
P3

The grazing angle Y is then found from the approximation

hy n\
tan Yy = — 1-——5;‘. (247)

r a

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

hy + hg (Ry + Ry)%a:sin ¢ cos ¥ 1 12
D=\ =% (Ry + Ry)asin ¢ + 2R Ry (7) (248)
and k
(R, + Ry)G
AR= — = _ | (249)
1+ (1-G)/2
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where

2sin ¢ |2
= (22 25
G <R1 +R2) R{Rq (250)

and R, and R, 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 N\/4, since this is the generally accepted
limit of validity for the analytical method applied to the interference region. If AR <}A/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 /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

. s, Co sin § - (€, - cos® )2 (2512)
= p e VvV = a
o €. sin ¥ + (€, - cos? y)1/2

and

» sin ¢ - (e, - cos? xp)l/'z
T), = ppe % = , (251b)
sin  + (€, - cos? \,l/)l/2

where p, and p;, are the intrinsic reflection coefficients and ¢, and ¢;, 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:

T = poe™i® = [(T, cos 8)% + (T, sin 8)21"%. (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]

r = e~2[(2-Hsiny )\ 12 (253)

96



NRL REPORT 8228

Equation 253 was developed under the assumption that the sea surface has a Gaussian
height distribution with standard deviation H,. For a sea surface with approximately
sinusoidal waves and amplitude q,

a
°o2y2

The field-strength ratios f(61) and f(04) for the direct and reflected rays are computed
in subroutine GAIN.

. (254)

It is now possible to compute the pattern-propagation factor for the point in question
according to ’ :

£(03) ,.
~i(kgA R+p)
Dr 0 .
f6,) PO

F=|1+ (255)

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 \/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 U;(Z,) 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 A/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 (4, in Eq. 239)
CGAM Reflection coefficient (I' in Eq. 2562)
CGAMH Horizontal polarization reflection coefficient (I',, in Eq. 251b)
CGAMV Vertical polarization reflection coefficient (", in Eq. 251a)
CTEMY Complex dielectric coefficient (¢, in Eq. 235)

Table continues.
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Table 24 (Concluded) —MULPTH Variables

Fortran Variable

Description

CU1l /

DISP
EPSI
FAC
FAC1
GD
GRRAD

GRRT
GRTAR

.GV
H
HR
HT
ITAR
ISWIT

JTAR

L
PHIREF
POLRZ

PTHDIF
RE
RHOREF
SIG1
SRRAD

SRTAR

TANPSI
WVL
XFRE
XIMCA
XKPAR
XKZERO

XMUR
XNAT
XNAT1
XNAT2
XNZERO

Z1
72

Parameter (calculated in subroutine UFUN) used in evaluating F
(U1(Z,) in Eq. 236)

Divergence factor (D in Eq. 248)

Ordinary dielectric constant (¢; in Eq. 235)

Pattern-propagation factor (¥ in Eq. 236)

Pattern-propagation factor (¥ in Eq. 236)

Field-strength ratio for the direct ray (f(¢,) in Eq. 255)

Ground range from the radar to the reflection point (m) (r; in
Eq. 242)

Ground range to target (m) (r in Eq. 242)

Ground range from the target to the reflection point (m) (rq in
Fig. 6)

Field-strength ratio for the reflected ray (f(65) in Eq. 255)

Natural unit of height (H in Eq. 240)

Height of the antenna (m) (k; in Eq. 243)

Height of the target (m) (4 in Eq. 243)

Target under consideration

Mode indicator:

0 = initial pass or a new mode
1 = same mode as the preceding pass

Target currently being scanned by the radar

Natural unit of length (L in Eq. 238)

Reflection-coefficient phase angle (rad) (¢ in Eqgs. 244 and 246)

Linear polarization (deg) (0° = horizontal and 90° = vertical)
(6 in Eqgs. 241 and 252)

Path-length difference (m) (AR in Eq. 249)

4/3 of the earth’s radius, or a (m)

Intrinsic reflection coefficient (pq in Eq. 252)

Conductivity (mhos/m) (o in Eq. 235)

Siant range from the radar to the reflection point (m) (R in
Eqs. 248, 249, and 250)

Slant range from the target to the reflection point (m) (R4 in
Eqgs. 248, 249, and 250)

Tangent of the grazing angle (tan ¢ in Eq. 247)

Wavelength A (m)

Frequency of the next mode to be considered (MHz)

Imaginary part of CA

Wavenumber & = 27/A

Product kng of the radar wavenumber and the index of refraction
at the earth’s surface (k, in Eqgs. 238, 240, and 241)

Roughness factor (rg in Egs. 253 and 255)

Ground range to the target in natural units (X in Eq. 237)

Range corresponding to AR = A/4 in natural units

Twice the horizon range in natural units, ox 2ry /L

Index of refraction of the earth’s surface (ng in text after
Eq. 238)

Antenna height in natural units (Z, in Eq. 236)

Target height in natural units (Z, 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 7T is determined. If
LE<ST< tr, (256)
where T is the current game time, ¢; is the time target J leaves its initial position, and tr 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. ’
I1f target J is of type O, 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

AT= — . (257)

The target’s position coordinates with respect to the designated origin at time 7T are

Xp = X; + AT(xf-xi), (258)

yr =¥+ AT(y; - y;), (259)
and, for target type 0,

zp=2z; + AT(zf -z), (260)

where (x;, y;, 2;) and (xf, Vs zf) are the initial and final position coordinates respectively for
target oJ.

If target J is of type 1 let k be the kth altitude point, so that
ty(k -1) <T<t,(k), (261)

where £ (k) is the time when target J reaches the kth altitude point and where

t,(1)=t; | (262)

t(N) = ¢, (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-t,(k-1)

AT= T -t k-1) (264)

the z coordinate for target J of type 1 at time T'is
zp = 25(k - 1) + AT[z,(k) - z,(k - 1)], (265)
where z, (k) is the designated altitude of target J at node k& at time ¢(k). The z component

2, and the magnitude d,, of the direction vector for target J originally calculated in subroutine
MATCH are also updated: :

z,=z2p-2,(k-1) (266)
and
d2 =x2 +y2 +22. (267)
If target J is of type 2, a maneuvering target, then if
T<t,, (268)

where t,, 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=uv(T-t;), (269)
so that
xp=2x;+dcos(0;) (270)
and
yp=y;+dsin (0;), (271)

where v is the speed of target J and 6, is the initial heading of target J. Similarly, if
T>¢,, (272)

where t,, 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=u(T-t,), (273)
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so that

xp=x, tdcosl (274)
and

yp =Y, tdsin Bf, (275)

where (x,,, y, ) are the coordinates of the point where target J terminates its maneuver and
0 is its final heading. If

t, <T<t,, (276)

then the target is performing its maneuver, so that if

A=v(T -ty)/r, ' (277)
and
¢ =0; + TURN(A - 7/2), (278)
then |
Xp =X, +T1, coso, (279)
Yy =Y, t 1y, sing, (280)
and
2 =24, (281)

where r,,, is the radius of the maneuver circle for target J, TURN is the maneuver direction
indicator (1 for counterclockwise and -1 for clockwise), and x, and y . 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

x, = cos (¢ + TURN7/2), (282)

¥, = sin (¢ + TURN7/2), ‘ (283)
and

d2 = x2 +y2, (284)

since a target of type 2 moves at a constant altitude.

Once the target’s coordinates (x1, ¥, ) with respect to the designated origin at time
T are calculated, they are transformed to a radar-centered coordinate system by

dxp =xp - x,, (285)
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dyr =¥Yp - ¥, (286)
and
dZT = ZT - Zr, (287)
where (x,, ¥,, 2,) is the stationary position of the radar. The target azimuth @ is
0 = tan™! (dyp/dx7). (288)
Once the target azimuth at time T has been computed for target J, the corrected target
positions (Xp4 g7, Y1+a1> 27+ar) 304 (@X 74 g7, QY4 gTs A2+ g7) With respect to the
designated origin and the radar respectively and a corrected azimuth 0, 47 are obtained by
repeating the preceding sequences of calculations with time T replaced by T + dT, where
dT = s0.p/2m, (289)

in which s is the radar scan period and 0 1 is the target-I azimuth at game time 7.

The elevation « 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

= (g2 2 2
D= (dxp,qp * dyT+dT)1/ ‘ (290)
This can be approximated by
D = (2aghq ) 2 + (2a¢h,) 2, (291)

where a is 4/3 of the earth’s radius. Equation 291 can now be solved for h, to yield

D

| 2 _pie)?
hy [95_2 (hg) ] (292)

where h; is in nautical miles. If it is assumed that triangle ABT is a right triangle, then

hp - hy
tan o = D
h 1/2 pliz \?
T D a
=— | =— - . (293)
D “\92 ~ i .

This completes the computational procedure in NEWPOS, and program control is re-
turned to the executive routine.
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TARGET

ANTENNA

Fig. 12 — Geometry of target elevation

Table 25 — NEWPOS Variables

Fortran Variable

Description

ALT(J,D)
BPRIME

CM(J,1)
CM(J,2)
D

DEL(1)

DEL(2)

DEL(3)

DELT

Altitude of profile node I of target J with ITYPE =1 (n.mi.)

Tangent of the elevation of target J measured from the horizon (tan o
in Eq. 295)

Position coordinate x of the center of the maneuver circle for target
J with ITYPE(J) = 2 (n.mi.) (x, in Eq. 279)

Position coordinate y of the center of the maneuver circle for target
J with ITYPE(J) = 2 (n.mi.) (y, in Eq. 280)

Ground range from the radar to target J at time 7'+ dT (n.mi.) (D in
Egs. 292 through 295)

Coordinate x of target J with respect to the radar at time T and
then corrected to time T + dT (n.mi.) (de in Eq. 285 and
de+dT m 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
dyr+qr 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.) (dz¢ in Eq. 287 and

dzrqr)
Distance target J has traveled on the current segment of the profile

with ITYPE(J) = 2 (n.mi.) (d in Egs. 269 and 273)

Table continues.
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Table 25 (Continues) — NEWPOS Variables

Fortran Variable

Description

DOTP

DSTAR
DT

DX

DY

DZ

HEADF(J)
HEADI(J)
IFLAG

ISTAT(J)

ITYPE(J)

NALT(J)
NUMTGT
PIOVR2
RADM(J)

SHIP(1)
SHIP(2)
SHIP(3)
SHIP(4)
SPEED(J)

T
TALT(J,1)

TIMES(J)

TMANF(J)

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.) {(dx; in Eq. 285 and
dxp. g7 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.) (dys in Eq. 286 and
Coordinate z of target J with respect to the radar at times T and
then corrected to time T + dT (n.mi.) (dzp in Eq. 287 and
d2r.qT)
Final heading of target J with ITYPE(J) = 2 (0 in Egs. 274 and 275)
Initial heading of target J with ITYPE(J) = 2 (0; in Egs. 270 and 271)
Flag to indicate if calculations are being performed with respect to
T(AFLAG=1)ox 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 7/2

Radius of the circle of maneuver by target J with ITYPE(J) = 2
(n.mi.) (r,,, in Egs. 276, 279, and 280)

Coordinate x of the radar position (n.mi.) (x, in Eq. 285)

Coordinate y of the radar position (n.mi.) (y, in Eq. 286)

Radar antenna height (n.mi.) (h, in Egs. 291 through 293)

Square root of the antenna height ((n.mi.)1/2) (h}/? in Egs. 291
through 293)

Speed of target J with ITYPE(J) = 2 (n.mi./h) (v in Egs. 269 and
273)

Current game time (h) (T in Eq. 256)

Time when target J arrives at altitude node I with ITYPE(J) =1 (h)
(t,(k) in Eq. 261)

Time when the radar scans target J (s) (T + dT in sentence containing
Eqg. 289)

Time when target J with ITYPE(J) = 2 terminates its maneuver (2,
in Eq. 272)

Table continues.
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Table 25 (Concluded) — NEWPOS Variables

Fortran Variable Description
TMANI(J) Time when target J with ITYPE(J) = 2 begins its maneuver (,, in
Eqg. 268) ,
TRGPOS(J,1) Coordinate x of target J at time T and then corrected to time T + dT

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(JA)
XYZI(J,1)
XYZ1(J,2)
XYZ1(J,3)
XYZI(J,4)

(n.mi.) (x7 in Eq. 258 and x7, 47)

Coordinate y of target J at time T and then corrected to time T + dT
(n.mi.) (y7 in Eq. 259 and y 7, 47)

Coordinate z of target J at time 7 and then corrected to time T + dT
(n.mi.) (zp in Egs. 260, 265, and 281 and 2z, 47)

Slant range R to target J (n.mi.)

Azimuth of target J at time T and then corrected to time T + dT
(rad) (67 in Eq. 289 and 07, 47)

Elevation of target J measured from the horizon (rad) (o 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 (x, in Eqs. 267, 282, and
284)

Target-J direction-vector y component (y,, in Eqgs. 267, 283, and
284)

Target-J direction-vector z component (2, in Eqs. 266 and 267)

Magnitude of vector VEL

Coordinate x for the point where target J with ITYPE = 2 terminates
its maneuver (x,, in Eq. 274)

Coordinate y for the point where target J with ITYPE = 2 terminates
its maneuver (y,, 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.) (xfin Eq. 258)

Final coordinate y for target J (n.mi.) (y; in Eq. 259)

Final coordinate z for target J (n.mi.) (zf in Eq. 260)

Final time for target J (¢, in Eq. 256)

Initial coordinate x for target J (n.mi.) (x; in Eq. 258)

Initial coordinate y for target J (y; in Eq. 258)

Initial coordinate z for target J (z; in Eq. 260)

Initial time for target J (f; 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
IRy -R;|<AD=(Np + 2)AR (294)
and
|[Ay-A[l<240, (295)
where R is the target range and A is the target azimuth, N is the number of reference cells

on each side of the ith target cell, AR is the range-cell dimension, and 6 is the 3-dB antenna
beamwidth. The signal energy for the jth target is found by calling subroutine SIGNAL.

Table 26 — RESOL Variables

Fortran Variable : Description
DELR Range interval used to determine whether the target lies with the
reference cells of the ith target (AD in Eq. 294)
INF(K) | Target number of the kth interfering target
N Number of targets
NI Number of interfering targets
NREF Number of reference cells on each side which are used to calcu-
late the detection threshold (Np in Eq. 294)
NTAR Target I of interest .
RES Dimension of the range-resolution cell (AR in Eq. 294)
SNREF(K) Signal power of the kth interfering target
TH3DB Antenna 3-dB azimuth beamwidth (6 in Eq. 295)
TRGPOS(1,4) Range of the ith target (R; in Eq. 294)
TRGPOS(1,5) Azimuth of the ith target (4; 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 A/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 Y that corresponds to the flat-earth solu-
tion to the problem

h, +h
sin ¢ = 2(%) —-—2—'———t— , (296)
(\4)2 + 4h,h, A

where A/4 represents the path-length difference and k.., h;, and ¥ are defined in Fig. 13.
This value of sin ¥ 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:

A= 2 50 ¥ : (297)

1+ [1+(2h,jasin? )]Y2 1+ [1+ (2h,/asin® y)]/2

+
h, h,

where a is 4/3 of the earth’s radius. The function f, defined as
r-a-i, (298)

is evaluated, and its absolute value is compared to A/40. If |f| = A/40, the derivative of f
with respect to sin ¢ is determined and used to calculate a new value of sin :

1 ;
sin Y ow =8I0 Yo -7 [m] . (299)

A new value of A is then computed using sin V., , and this process is continued until the
convergence criterion |f| <A/40 is satisfied. When this occurs, the corresponding values of
r1,re, Ry,and Ry (Fig. 13) are calculated (Fortran variables SR1, SR2, R1, and R2,
Table 27) and control of the program is returned to MULPTH.

TARGET

hy

Fig. 13 — Flat-earth geometry

107

AITITSSYION



DAVIS AND TRUNK

TARGET

Fig. 14 — Spherical-earth geometry

Equation 297 is developed as follows: From Fig. 13 or Fig. 14
R =(R% + RZ + 2R, R, cos 2¢)/2
= [(Ry + Rg)% - 2R Ry(1 - cos 2¢)] 1/
= [(Ry + Ry)? - 4R, R, sin? y]1/2. (300)

Equation 300 can be rewritten as

4R, R, sin? ¢ 1
R=(Ry+Ry)|l - ——— (301)
(Ry +Ry)?

and, since A=R - (R; + Ry),
AR,Rysin® y|
A=(R1+R2) -1+11- - ]
. (Ry +Ry)?

(4R Ry sin® Y)/(R + Ry)?
=(R1 + Ry) = (302)

{1 - ['(4R1R2 sin2 V)/(Ry +R2)2]}1/2 +1

When the path-length difference is close to A\/4, sin Y ~ 0; consequently Eq. 302 can be
simplified to

A= ——— sin? y = 2 sin? . (303)
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To reduce Eq. 303 to Eq. 297, R, and Ry must be expressed in terms of h,, h,, and

sin Y, which is accomplished as follows: From Fig. 14

h2 - R2 + 2ah h, [h R
r 1 r r r 1
i = =—|— +1| - — 304
sin v 2Rqa 'Ry (Za : > 2a (304)
Neglecting h,/2a gives
h, R,
i = = . — 5
sin R, oa (305)
Applying the quadratic formula to Eq. 305 yields
2h,
Ry = (306)
sin ¥ + [sin? Y + (2h,/a)]1/2
Similarly
2hy
Ry = _ (307)
sin ¢ + [sin® ¢ + (2k,/a)] 1/
Substitutions of Eqgs. 306 and 307 reduce Eq. 303 to Eq. 297.
Table 27 — RNGCEN Variables
Fortran Variable Description
DELT Wavelength divided by 4 (m) (A/4 in Eq. 296)
HR Height of the antenna (m) (h, in Eqs. 296 and 297)
HT Height of the target (m) (h,; in Eqs. 296 and 297)
R1 Slant range from the radar to reflection point (m) (R; in Eq. 300)
R2 Slant range from the reflection point to target (m) (R, in Eq. 300)
RE 4/3 of the earth’s radius (m) (a in Eqgs. 299 and 306 through 307)
S Sine of the grazing angle (sin Y in Eqgs. 298, 299, 301, and 305
through 307)
SR1 Ground range from the radar to the reflection point (m) (r; in text
after Eq. 299)
SR2 Ground range from the reflection point to the target (m) (ry 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 (mcludmg 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 ¢ 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>\2 OLR LTLM
P, = , (308)
R4(4m)3

where Py is the peak power (W), G is the one-way antenna gain (with respect to the omni-
directional case), \ is the radar wavelength (m), o is the target cross section (m?2), L, is the
receiver antenna loss, Ly is the loss between the transmitter output and free space, L M s
the mode-dependent loss, and R is the target range (m). The received signal energy for a
pulse of duration 7 is then

So =P,7. (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(6)
that is applied to the received-signal energy according to

81 =8,1f(6)12. | (310)

Rain is modeled by a large number of independent scatterers, each of cross section 0;
and located within the radar resolution cell. This method is suggested by Skolnik [8] Ac-
cordingly the total rain cross section is

OR=Vim ) . Ops (311
where V,, is the volume of the radar resolution cell:
cT
V,, = (%) R205¢p (—55) : (312)

where 0 and ¢p are respectively the horizontal and vertical 3-dB beamwidths in radians, ¢
is the speed of light, and 7, 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 A, then g;
can be represented by

s 5 216 .
0;= — |K|°D®, (313)
)\4
where K depends on the dielectric constant of the scatterer and K 2 is approximately 0.93
for water at 10°C 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):

Z D% = 20016, (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 oy in the resolution cell as
Op =6.706 X 1076 7,050 R2r1 60174, (315)

This expression for oy 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

200=1.753 X 103 f1.87 (316)

where 2« 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 A, (absolute) for a given rain-
fall rate r, range R (meters), and wavelength A (meters) is

log;o 4, = - 1078 RrA~187, | (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

§=8,F -Ar[mm BT, DI, (318)
where the bandwidth adjustment is consistent with matched-filter analysis.

The four components that are considered to be contributory to noise—thermal noise,
jammin/g, sea clutter, and rain backscatter—are calculated through entry NOISE.

7

- Thermal noise energy is determined from
Np=F,kT,, (319)

where F,, is the receiver noise figure, k is Boltzmann’s constant, and T, is the system
temperature in degrees Kelvin. :
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Jamming energy E; and sea clutter E, are calculated by subroutine JAM and are mod-
ified by A, to include the effects of rain attenuatlon

Rain backscatter energy is computed according to

60,817
Eg = _R7e , (820)
oF*f2(6)

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 Ey, including jamming and rain backscatter but not sea clutter, is -
EN=(NT +EJ+ER)maX (BIFTC’ 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) (N7 in Eq. 319)
EC Sea-clutter energy (J) (E, in text between Eqs. 319 and 320)
EJ Jamming energy (J) (E; in Eq. 321)
EN Noise energy (J), including thermal noise, jamming, and rain back-
scatter, but excluding sea clutter (Ep; 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 (¥ in Eq. 318)
FHV(1) Beam-pattern factor (power) (f(0) in Eq. 310)
IMODE(J,1) Number of pulses integrated
IMODE(J,2) max (B 7., 1) for mode J (rounded to the nearest integer)
(Eq. 321) .
PWR Power received (W) (P, in Eq. 309)
R Range R (n.mi.)
RA Two-way rain attenuation (A, in Eq. 317)
RC(3) Receiver noise figure (F,, in Eq. 319)
RC(4) Horizontal 3-dB beamwidth (rad) (6 in Eqgs. 312 and 315)
RC(5) | Vertical 3-dB beamwidth (rad) (¢5 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) (L in Eq. 308)
RC(9) Loss between the transmitter output and free space (L in
Eqg. 308)

Table continues.
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Table 28 (Concluded) — SIGNAL Variables

Fortran Variable Description

RC(10) Boltzmann’s constant times the system tempelature (kT in
Eq. 319)

RM Range (m) (R in Eqgs. 312, 315, and 317)

RMODE(J,3) Peak power (W) for mode J (P, in Eq. 308)

RMODE(J 4) Pulse length for mode J (7 in Eq. 309)

RMODE(J,8) Mode-dependent loss for mode J (Ly; in Eq. 308)

RMODE(J,12) Intermediate-frequency bandwidth (Hz) (B in Eqgs. 318 and
321)

RMT Range to the fourth power (m4) (R4 in Eq. 308)

RNCS Rain cross section for rain in the resolution cell (mz) (0g in
Eqgs. 311 and 315)

SIGEN Signal energy (J), same as ES (S in Eqgs. 318 and 320)

SMODE(J,2) Rain-clutter 1mpvovernent factor (I, in Eq. 320)

TARCS . Target cross section (m ) (0 in Eq. 308)

TAUNEXT) Compressed pulse length (s) (7, in Egs. 312, 315, 318, and 321)

WVL Wavelength (m) (XA in Egs. 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, v, 2, t); (kft and s),
XYZF — Final position coordinates and time (x, y, 2, t) (kft and s), with tr being
ignored for a maneuvering target (ITYPE = 2),
SIGTAR — Head-on, broadside, and minimum radar reflective areas (mz),
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 O (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(Jd) — 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=ut,, -t;), (322)

where is the speed of the target, t,, is the time the target starts its maneuver, and ¢; is the
time the target leaves its initial position. The coordinates of the point (x,, , y,, ) where the
maneuver begins are

X, =x;+ Acos (h;) (323a)
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Ym =¥+ Asin(h)), , (323b)

where x; is the x coordinate of the target’s initial position, y; is the y coordinate of the tar-
get’s 1n1t1al position, and h; is the initial heading of the target. To determine if the maneuver
is clockwise or counterclockvsnse (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:

B = cos™L ([7 = % W7 = 2)2 + (7 - ¥ )21 12, (324)

where x, is the x coordinate of the target’s final position and Vr is the ¥ coordinate of tar-
get’s final position. If h; < and either h,, <h; or h,, = h; + m, or if h; = 7 and both h, <

h;and h,, =2 h; -7 (the point (xf, Yr ) 11es to the right of the 1n1t1a1 headmg vector), then
the maneuver 1s clockwise and flagged by TURN = -1. Otherwme the maneuver is counter-

clockwise with TURN = 1.
The radius of the maneuver circle is
= p2 325
m = V°/8, (325)

where v is the target speed and g is the radial acceleration of the target maneuver.

The center (x,, y.) of the maneuver circle is

X = Xy + 1, cos (h; + TURN 7/2) (326a)
and
Ye =¥m * Ty sin (h; + TURN 7/2). (326Db)
If
1/2

d=[xr~2,)2 + (yp -y 21" <, (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 e and § be defined by

a=cos [(x;-x,)/d] (328)
and
B=sin"t [r, /d]. (329)
The heading h; of the target as it terminates its maneuver and begins its final leg is then
hs=a+ TURN 6, sina =0, (330a)
=97 -a+TURNB, sina<O0. ~ (330b)
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The boint (x5 yn) where the target terminates its maneuver is
X, =X,*r, cos (hf - TURN #/2) (331a)
and
Yp =¥, + 1 sin (hf - TURN 7/2), (331b)

and the time ¢,, the target reaches (x,,, y,) is

t, =t, +v(Ah)/g, (332)

where
Ah=hg-h;,  (hg-hy) =0, (333a)
=hg-h; +2m, (hy - hy) <O. (333b)

The time t; the target arrives at its final position is

1/2

tr=t, + [(xr~x,)% + (¥r - 5,)21 v, (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 46, 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

a(0)=Aq cos 20 + Ay cos 40 + Az cos 80 + A,. (335)

TARGET'S BROADSIDE
XIS

RADAR
LINE OF SIGHT

TARGET'S VELOCITY
VECTOR

Fig. 15 — Geometry used in determining radar
cross section of a target
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Expressions for the coefficients A; as functions of the broadside, head-on, and mini-
mum cross sections are developed as follows. First the expression for a(6) is differentiated
and expressed in terms of cos # and sin 26:
o'(6) = 24 sin 20 + 84,(2 cos?6 - 1) sin 20

+ 824 5(16 cos®0 - 24 cos*6 + 10 cos26 - 1) sin 26. (336)
It is now assumed that the minimum radar cross section occurs at 8 = 7/3, or 60° off broad-
side. (This is consistent with measurements made on the type of aircraft that is normally
encountered in applications.) Setting ' = 0 and cos § = - 1/2 in Eq. 336 yields

4.A3 - 2A2 +A1 =0. v (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

®(0) =34, -344 +44, =B. (338)

For 6 = m/2 the radar cross section is given by the input value for the normal cross section N;
hence

-Ay +5A3 +A, =N. (339)
For 0 = m/3 the radar cross section is given by the input minimum value M. This yields
-3Ay +3A35 -2A, =2M. (340)

Solving Egs. 337 through 340 for A1, Ay, A3, and A4 gives the results

+
a, =222 (341a)
2
B+3N-44,
Ag = T , (341b)
Ay =5A5 -N+A4,, (341c)
and
Ay =24, -44,. (3414)

A set of four such coefficients is calculated for each target.
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Table 29 — TARGET Variables

Fortran Variable

Description

A

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)

Coefficients calculated for use in determining target-I radar cross
sections (A1, A,, A3, and A, in Egs. 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 (x, in Eq. 326a)
Coordinate y of the center of the maneuver circle for target J
with ITYPE(J) = 2 (y, 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 (hs in Egs. 330)
Initial heading of target J with ITYPE(J) = 2 (h; in Egs. 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 (m?2) (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 I'TYPE(J) = 2 terminates its maneuver
(t,, in Egs. 332 and 334)
Time when target J with ITYPE(J) = 2 begins its maneuver (,,
in Eq. 322)
Indicafor 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 (h,,
in Eq. 324)
Coordinate x for the point where target J with ITYPE(J) = 2
terminates its maneuver (x,, in Eqs. 331a and 334)
Coordinate y for the point where target J with ITYPE(J) = 2
terminates its maneuver (y,, in Eqs. 331b and 334)

Table continues.
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Table 29 (Concluded) — TARGET Variables

Fortran Variable Description

XMANI(J,1) Coordinate x for the point where target J with ITYPE(J) = 2
begins its maneuver (x,, in Eq. 323a)

XMANI(J,2) Coordinate y for the point where target J with ITYPE(J) = 2
begins its maneuver (y,, in Eq. 323b)

XYZF(J,1) Final coordinate x for target J (kit to n.mi.) (x in Eqs. 324
and 334)

XYZF(J,2) Final coordinate y for target J (kft to n.mi.) (y;in Egs. 324 and
334) »

XYZF(J,3) Final coordinate z for target J (kft to n.mi.)

XYZF(J,4) Final time for target J (s to h) (¢; in Eq. 334)

XYZI(J,1) Initial coordinate x for target J (kft to n.mi.) (x; in Eq. 323a)

XYZI({J,2) Initial coordinate y for target J (kft to n.mi.) (y; in Eq. 323b)

XYZ1(J,3) Initial coordinate 2 for target J (kft to n.mi.)

XYZI(J,4) Initial time for target J (s to h) (¢; 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 8 (Table 30). It is assumed that the target’s radar

cross section o generates a lobing structure which can be represented by a linear combina-
tion of functions of the form cos 2k8, so that

0(0)=Aqcos20 +Ag cos40 + Az cos80 +A,,

where § is the angle between the line of sight from the radar to the target and the target’s
broadside axis (Fig. 15). The coefficients A; 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 antieipated range of aspect angles, also an input value. A set of these
weighting factors A; is calculated for each target in subroutine TARGET.

Table 30 — TARSIG Variables

(342)

Fortran Variable

Description

A(JTAR,I)
DOTP(JTAR)

TARCS

TEMP(2)
TEMP(3)
TEMP(4)

Coefficients for target JTAR calculated in subroutine TARGET
(A;in Eq. 342)

Cosine of the angle (7/2) - 0 between the line of sight from the
radar to the target and the target’s velocity vector (Fig. 15)

Target cross section (m2) (a(9) in Eq. 342)

- cos 20

cos 40

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 pattem-propagation factor in the diffraction region is

F = 2(aX)2e=C1X\U, (Z21)U;(Zo)], (843)

and UFUN evaluates the function U, (Zj) for the values of Zj given in its calling sequence.
The term Z; is alternatively assigned the height of the radar (Z;) and the height of the target
(Z9) in the so-called natural units discussed in the subsection on subroutine MULPTH.

The rationale followed in evaluating U (Z;) is as follows: The term U, (ZJ-) can be
expressed in terms of the function hy(x). This is found [7, p. 109] to be

ho(Z; + Ay)

; 344
hy(Ay) (344)

U(Z) =i
The quantity A4 is calculated in MULPTH and corresponds to CA in the calling sequence
(Table 31), and h'2 indicates the derivative of hq.
The function hy(x) can in tum be expressed in tefms of Airy functions:
ho(x) = 124133116 Aj(xe/3). (345)
Expressions for evaluating the Airy functions are found in Ref. 10. The Airy function is
Ai(2) = ¢1f(2) - co8(2), (346)

where f(z) and g(z) are given by power series for small values of |z|:

1 1-4 1-4-7

fz)=1+ 31 23+ & 28+ o 29+ . (3472a)
and
_ 2 4 2'5 7 2'5'8 10
g(z)—z+z z +~7—! z! + 101 ztY + (347Db)

For values of |z| > 3, Ai(2) is approximated by an asymptotic expansion:

Ai(z) ~ —;—ﬂ"l/22°1/4e'“ D fnuth, (348)
k=0
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Table 31 — UFUN Variables

Fortran Variable

Description

CA
CAl

CA13
CAl14
CAIR

CAIRP
CANS

CcC
cCp
CDA
CDZ
CFI
CFIP
CGI
CGIP
CH2
CH2P

COLDA
CXP3

CZ3
CZ4

IKEY

ISWIT

OLDZ
RTPI
XC1
XC2
XMUL1

XMUL2

Function of the complex dielectric constant and polarization,
evaluated in MULPTH (4 in Eq. 344)

Aqein/3 (An Airy-function argument in Eq. 345, represented
by z in Egs. 346 through 349)

(Aqein/3)3 (23 in Eq. 347a)

(Aqein/3)~1/4 (z-1/4 in Eq. 348)

The kth term of the asymptotic expansion of the Airy func-
tion (Eq. 348) with argument (Z; + Aq)ein/3

The kth term of the asymptotic expansion of the derivative of
the Airy function with argument Aein/3

Function used to determine the propagation factor in the
diffraction region (U; in Eqgs. 343 and 344)

(1/2)7~1/12(CZ)-1/4e-+ (factor in Eq. 348)

-(1/2)7-1/2(CAI)l/4e-# (factor in Eq. 348)

2/8(A1ein/3)3/2 (right-hand side of Eq. 349)

2/3[(Z; + Aq)ein/3]3/2 (right-hand side of Eq. 349)

fI(Z; + Aq1)ein/3] summed to the kth term (f(2) in Eq. 347a)

f'(Aqeim/3) summed to the kth term

gl(Z; + A1)eim/3] summed to the kth term (g(z) in Eq. 347b)

g'(Aqein/3) summed to the kth term

h function used in determining Uy (h9(Z1 + A1) in Eq. 344)

Derivative of the h function (h5(A1) in Eq. 344)

v/-1 (i in Egs. 344 and 345)

Previous value of CANS

ein/3 (Eq. 345)

(Zg + Aq)ein/3 (an Airy-function argument z)

[(Z; + A1)ein/3]3 (23 in Eq. 347a)

[(Z; + Aq)einI3]-1/4 (2-1/4 in Eq. 348)

Counter & indicating which term of the power series
(Egs. 347) or the asymptotic expansion (Eq. 348) is
under consideration

Indicator that determines which expansion to use for the
Airy functions:

0=|CZ| and |CA1| <3

1=|CZ|>3

2=|CA1|>3

3=|CZ|and |CA1| >3
Indicator:

0 = initial pass or new mode
1 = same mode as previous pass
Value of Z ; on the previous entry to UFUN
VT
Constant used in evaluating the Airy function (¢ in Eq. 346)
Constant used in evaluating the Airy function (cg in Eq. 346)
Coefficient of the kth term of the power series for f(z)
(Eq. 347a)
Coefficient of the kth term of the power series for g(2)
(Eq. 347b) ‘
Height of the point in space under consideration (Z;in
Eq. 344)
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where
3/2
ue - (349)
3
ng =1, : (350)
and
N .
ny = ['(3k +1/2) (351)
54%\T(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 (Eqgs. 62 and 126)

T=p+ Fy6 (A1)

the appropriate value of Fy, can be found in Robertson*. For linear video and a one-
parameter threshold of the form (Egs. 63 and 127) "

T=Fi, (A2)

the appropriate value of F; can be found from

4-7
F,=1+ A
1=+ P Y 5 (A3)
where M is the number of pulses integrated. For log video and a threshold of the form
(Egs. 64 and 128) ’
T=p+Fg : (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 107 the appropriate values of F; are given in
Table Al.

Table A1 — Threshold Values for Fy, Fy, and Fy

Threshold Value for a Given Number of Samples
Type of Video Threshold Type
1 I 2 l 4 I 8 I 16 I 32 I 64 [ 128
Linear T=F . 6.10 5.85 562 | 540 | 5.25 5.12 5.04 4.96
Linear T=u+Fy0 4.19 3.16 247 | 200 | 1.69 1.47 1.33 1.23
Log T=u+Fg 1.59 2.63 4.24 | 655 | 9.78 5.0 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).

123



0001

Appendix B

PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET2D

A O

s ¥aRsiaislsinisiaiziniainiakainiaialinkeiaizizksiaEkalatsialakeRaNaRalalaNaRaRaNaRa Rale Ra N ol

PROGRAM SURDET
THIS IS5 THE SURDET2D EXECUTIVE ROUTINE

cceeceececeececcccccecccecceccecececececceeeceeceececccccccccccceccceccceccccce

DESCRIPTION OF DATA CARDS
DATA CARD NO. 1

DETATLED GUTPUT CONTROL INTEGER (IS5 FORMAT)

0 = N® SUTPUT TO BE PRINTED
1 = DETECTVION OUTPUT TO BE PRINTED
2 = DETAILED OUTPUT TO BE PRINTED

DATA CARD NO. 2

TITLE CARD - RUN IDENTIFICATION (I4,19A4 FORMAT)
1 RADAR ID NUMBER. FOR TARGET DEVECTION OUTPUT FILES
2-20 ALPHANUMERIC DESCRIPTIVE TITLE

DATA CARD NG. 3

SHIP (RADAR) POSITINN (4F8.2 FORMAT)
1-3 POSITION COORDINATES (XyYsZ) IN KFT
4 SHIP HEADING IN DEGREES

DATA CARD NO. 4

11 BASIC RADAR PARAMETERS (9F8.25129F6.2 FORMAT)
1 RADAR FREQUENCY IN MHZ
2 ANTENNA PATTERN FUNCTION INDICATOR
0 = PENCIL BEAM
1 = COSECANT SQUARE BEAM
RECEIVER NOISE IN D8 ’
HIRIZONTAL 30B BEAMWIDTH IN DEGREES
VERTICAL 3DB BEAMWIDTH IN DEGREES
ONE-WAY ANTENNA GAIN IN DB
OME-WAY SIDELOBE LEVEL IN DB DOWN
RECEIVER LOSS IN D8
TRANSMITTER LOSS IN DB
NUMBER GF SCAN MGDES
LINEAR POLARIZATION IN DEGRFES

e XN VAW

e b
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0 = HORIZONTAL
90 = VERTICAL

DATA CARDS NO. 5 AND o © (GNE SET FOR EACH RADAR SCAN MODE)D

15 PARAMETERS FOR EACH SCAN MGDE (10FB8.2/5F8.2 FORMAT)

15

LOWER BOUNDARY ELEVATION ANGLE COVERAGE IN DEGREES

UPPER BOUNDARY ELEVATION ANGLE COVERAGE IN DEGREES

PEAK POWER IN MW

PULSE LENGTH IN MICROSECONDS

INTERLOOK PERIOGD IN SECONDS

SCAN OFFSET IN SECONDS

INSTRUMENTED RANGE IN NMY

MUDE DEPENDENT LOSS IN OB

NUMBER MF PULSES INTEGRATED

COMPRESSED PULSE LENGTH IN MICROSECONDS

SEA CLUTTER IMPROVEMENT FACTOR IN D8

I.F. BANDWIDTH IN MHZ. IF 0O, BANDWIDTH WILL BE SET
AT 1.0/(COMPRESSED PULSE LENGTH)

MODE DEPENDENT FREQUENCY INCREMENT IN MHZ

BLANKING TIME IN MICROSECONDS. IF 0 SET AT
PULSE LENGTH

RAIN CLUTTER TIMPROVEMENT FACTOR IN NB

DATA CARD NOU. 7

7 PARAMETERS FOR MOVING WINDOW DETECTOR (7TF8.2 FORMAT)

1
2
3
4

5

NJ. OF REFERENCE CELLS ON EACH SIDE OF TARGET CELL
CLUTTER CORRELATION COEFFICIENY
NU. OF STANDARD DEVIATIONS USED IN THRESHOLD
N®. OF DETECTIONS THAT CAN BE MISSED AND DETECTIONS
STILL MERGED INTO A SINGLE DETECTION
VIDED TYPE INDICATOKR
0 = LINEAR VIDEOD
1 = LOG VIGE®
NG. OF REFERENCE CELLS USED FOR THRESHOLD

0 = ALL CELLS USED
<0 = SMALLER HALF USED
>0 = LARGER HALF USED

PAKAMETERS USED TO CALCULATE THRESKOLD
1 = MEAN USED
2 = MEAN AND VARIANCE USED

DATA CARD NO. 8

NUMBER 0F TARGETS AND JAMMERS (215 FORMAT)

GATITSSYTOND



e isizialzieizinkaiziziekaisksiknliciaiaks iz iz iniaisiainkaiziaiaiziakaligiaNaRaRnlalaNaNaNalaNa e e Nale)

DAVIS AND TRUNK

i NO,., OF TARGETS
2 NGO, OF JAMMERS

DATA CARDS NO. 9 AND 10 CONE SET FOR EACH TARGET AND JAMMER)

CARD 9 13 TARGET PARAMETERS (12F6.2513 FORMAT)
TARGEY TRAJECTORY SHOULD NOT CROSS O DEGREES IN AZIMUTH
1-4 INITIAL COGRDINATES (XsYsZsT) IN KFT AND SECONDS
5-8 TERMINAL COORDINATES (X»YsZ,T) IN KFT AND SECONDS

9-11 RADAR REFLECTIVE AREAS FOR HEAD-ON»
BRROAD~-SIDEs AND MINIMUM IN SQ. METERS
12 JAMMING POWER DENSITY IN W/MHZ
13 MARCUM SWERLING CROSS SECTION MODEL

CARD 10 TARGET PROFILE PARAMETERS (I4+7F6.2 FORMAT)
1 TARGET PROFILE TYPE
0 = STRAIGHT LINE TRAJECTORY
1 2-4 ALTITUDE LEGS
2 = G-MANEUVER AT CONSTANT ALTITUDE

REMAINING PROFILE PARAMETERS BY TARGET TYPE

IF TARGET TYPE = 0

2-8 IGNORED

IF TARGET TYPE =1
= NO. OF ALTITUDE NODES
FIRST ALTITUDE NODE IN KFTY
TIME OF ARRIVAL AT FIRST NODE IN SEC
SECOND ALTITUDE NODE IN KFT

TIME OF ARRIVAL AT SECOND NODE IN SEC
THIRD ALTITUDE NOUDE IN KFT
TIME OF ARRIVAL AT THIRD NODE IN SEC
IF TARGET TYPE = 2

TARGET SPEED IN KFT/SEC

INITIAL HEADING IN DEGREES
TIME MANEUVER BEGINS IN SEC
TARGET MANEUVER RADIAL ACCELERATION IN 6°S

RN WN
[T T (I R TR

W o

DATA CARD NO. 11

4 ENVIRONMENTAL PARAMETERS (4F8.2 FORMAT)
1 WIND SPEED IN KNOTS
2 HEIGHT OF WIND SPEED MEASUREMENT IN KFT
3 MULTIPATH INDICATOR
1 = MULTIPATH
0 = NO MULTIPATH
4 RAINFALL RATE IN MM/HR
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DATA CARD NO. 12

9 FIX
1

>N

O -

ED CLUTTER PARAMETERS (218, 7F8.2 FORMAT)
INITIALIZATION FOR RANDOM NUMBER GENERATOR FOR
GENERATION -OF FIXED CLUTTER PSINTS

NO. OF FIXED CLUTTER POINTS

PROBABILITY THAT CLUTTER POINT IS DETECTED
INITIAL RANGE OF CLUTTER AREA IN KFT

FINAL RANGE OF CLUTTER AREA IN KFT

STANDARD DEVIATION OF RANGE MEASUREMENT

AS A PERCENTAGE OF RANGE RESOLUTION CELL SIZE
INITIAL AZIMUTH OF CLUTTER AREA IN DEGREES
FINAL AZIMUTH OF CLUTTER AREA IN DEGREES
STANDARD DEVIATION SF AZIMUTH MEASUREMENT

AS A PERCENTAGE OF HORIZONTAL 3D8 BEAMWIDTH

DATA CARD NO. 13

2 BASIC VARIABLE CLUTTER PARAMETERS (218 FORMAT)

1

2

‘5 PAR

ol
2
3
4
-5
f

INITIALIZATION FOR RANDOM NUMBER GENERATOR FOR
GENERATION OF VARIABLE CLUTTER POINTS
NO. OF CLUTTER REGINANS

DATA CARD NO. 14 (ONE CARD ‘FOR EACH CLUTTER REGION)

AMETERS FOR EACH CLUTTER REGION (5F8.2 FORMAT)
AVERAGE NUMBER OF CLUTYTER POINTS IN REGION
INITIAL RANGE OF CLUTTER AREA IN KFT

FINAL RANGE OF CLUTTER AREA IN KFT

INITIAL AZIMUTH OF CLUTTER AREA IN DEGREES

FINAL AZIMUTH OF CLUTTER AREA IN DEGREES

DATA CARD NO. 15

4 ROL
1
2
3
4

L AND PITCH PARAMETERS (4F8.2)
MAXIMUM ROLL ANGLE IN DEGREES
MAXIMUM PITCH ANGLE IN DEGREES
ROLL PERIOD IN SECONDS

PITCH PERIGD IN SECINDS

DATA CARD N, 16
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0002

0003

0004
0005
0006
0007

oooeg
0009

0010

0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023

DAVIS AND TRUNK

TIME PARAMETER (F8.2)
GAME TIME C(IN SEC) BY WHICH RADAR IS TO BEGIN SCANS

DAYA CARD NO. 17

RECYCLE CONTROL PARAMETER (I5 FORMATY)
1 = NEW SHIP IN WHICH CASE
THE NEXT DATA CARD IS NO. 1
NEW TARGETS
NEW ENVIROMENT
RUN COMPLETED

2
3
4

cceeeeeeceecccceccccececceccecccceccccccceccccececcccccccccecccecccceccecc

sFeNeiaaNalslalalalaNeNaNaEaleNe Nale)

COMMON NSCANSNEXTyNUMTGT 4T, OLDTLENDTIM o SMODE(30,20)
sPIyPIOVR2 ,TWOPISRADIANsTAUC30)9DSTAR,DWL(30)
sXYZIC2046)9XYZF(2054)9 TRGPOIS(209T7)sSIGIANC20)

sSIGTARC20,53),FHV(20)ySIGMAH, ISWIT, TEMPUR
s SHIP(9),RC(30)yRMODE(30512)5 IMODE(3042)

COMMON/B/ ENVIR(C10),SUBCC30)sRESCNM,CCM,ACON,BETA,

* DOTP(20)sPILRZyIKEYF, XKTOMS, XNMTOM, TARCS s WYL ,FOPIQB,FOPISQ
CAMMAN/D/ ALPHAD,SIGZ ¢V AR1,AR29SIGLSTIG
COMMON/H/FACS o AMBN g XJAMN 3 IKEYJG 9 XXXXX
COMMON/I/ PBBSsHIFKyTHETBKsDBDOWNs THH, THVSGN
CUMMAN/TM/NTARG yNJAM,SPEED(20) s HEADT (20D s HEADF (20D TMANTI(20),

1 TMANF(20) s XMANI(2093)5 XMANF(2093)sGTURN(C20)3TURNC20),

2 CMC2052) sRADMC20) 5 ITYPEC20)sALT(2055)s TALT(20,5,5)9NALT(20)
COMMON/TS/ZISTAT(20),TSCAN(C20,30)

COMMAON /CLTOUT/Z ROUT(201),A20UT(201),ELOUT(201)5TOUT(201)

1 RLOBUTC201)5PTIUTC20125SOUTC201)4NCCL00)»IC, IV
CUMMON /DET/ NDET(20),MERC20)sRANGE(2043)5AZ(20+6)9SNDETC2053),

1 ELEV(20453), TIME(20)D
COMMAN /STAB/ ROLLC20)sPITCH(20)

DIMENSTION ITITLEC20)
DIMENSTION BUFA(R,300),8UF(10)
DIMENSTON BUFB(S,20)
INTEGER ANS1

CALL R$S5TOP

I6UT = 10
CONV=4,342944819
RE=8392375.04
CNM=161883.5474
CCM=30000000000.
BETA =.718565021
ACUN= 607701593

o NG =
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0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037

0038
0039

0040

0041
0042
0043
0044

0045
0046
0047

0048

[aNel

52
500
501

19
11

59

590

15
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XKTOMS =.514444464
XNYTAM =1852.
FOPISL =157.9136706
FUPIQB =1984.,401711
JFR = 0

READ 52,ANS1
FORMAT(1615)

READ 500, ITITLE
FIRMAT(I43519A4)
PRINT 501,ITITLE
FORMAT(1H131445Xy19A4)
CALL INITAL

CALL TARGET

CALL ENVIRN

INITIALIZE CLUTTER FOR TRACKING
CALL FCINIT
CALL VCYNIT

INITIALIZE ROLL AND PITCH
CALL STBINT

READ IN TIME BY WHICH RADAR MUST BE INITIALIZED
READ 59, RINIT

FORMATCFS . 2)

PRINT 590y RINIT ,
FORMAT(IHO,” GAME INITIALIZATION BY “,F8.2)

ADD SCAN OFFSET (FROM MODE 1) T8 MAX RADAR INITIALIZATION TIME
RINIT = RINIT/3600. + RMODE(1,6)
ISC=0
IKEYF=0 :
DETERMINE TIMES EACH TARGET COMES WITHIN INSTRUMENTED RANGE
F EACH RADAR MODE
CALL MATCH

DETERMINE INITIAL AND FINAL GAME TIMES

T = RMODE(1,49)

ENDYIM = XYZF(i44)

SEVT TARGETS INIYIALLY TO OVER-THE~HORIZION
TRGPOS(1s4) = ~1l. ’

IFUNSCAN LT, 2) 68 T8 17

DEVERMINE INITIAL TIME FROM MATCH

D3 15 J = 24NSCAN

IF(RMADE(J99) LT, T) T = RMADE(J,9)
CONTINUE

IF(NTARG LT« 22 GO TO 19

DETERMINE END GAME TIMNE

DJ 18 T = 1,NTARC
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0058 TRGPOS(I44) = -1.
0059 IFCXYZF{I94) +GT. ENDTIM) ENDTIM = XYZF(I,4)
0060 18 CONTINUE
0061 19 CONTINUE )
C SET INITIAL TIME FROM MATCH 30 SEC. EARLIER FOR CLUTTER SAMPLES
0062 T =T - 3.7360. '
C SET INITIAL GAME TIME
0063 T = AMINI(T,RINIT)
C WRITE ID ON DETECTION OGUTPUT FILE
0064 TEMP = 2
0065 TEMPB = RMODE(195)%3600.
0066 WRITE CIOUT) ITITLECL)sTEMP,TENPB
C
0067 IF (ANS1.£Q.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(/," $8%3% WITH MULTIPATH $%$$%°,7)
0072 505 FORMAT(//7560X%X,° $$85% NO MULTIPATH $$$3¢8°,/)
C
C NEW SCAN
0073 20 ISC = ISC + 1
0074 ICNT = 9
0075 BUF(3) = 0
C SET SCAN PRINT FLAG
0076 IPFLAG = 0
C DETERMINE TARGET AND JAMMER POSITIMANS AT SCAN TIME T
0077 CALL NEWPGS
c
0078 00 75 J = 14NSCAN
0079 NEXT = J
C ZERO ARRAYS
0080 DU 25 T = 14NTARG
0081 NDET(I) =0
0082 25 MER(I) =0
0083 DO 10 I = 14NTARG
C CHECK TF TARGET ACTIVE
0084 IFCISTAT(I) WNE. 1) GS TH9 70
C CHECK IF TARGET WITHIN DETECTION RANGE OF THIS MODE
0085 TF(TSCANCTsJ) oGTe T) GO TO 70
0086 TEMP = RMODECJ91) — 0.63%RC(S)
0087 TEMP2 = RMODE(J»2) + 0.63%R((5)
0088 IFCTRGPUS(1y6) LGE. TEMP AND. TRGPOS(I46) LLE.
1 TEMP2 «ANMD, TRGPGS(Iy4) +LE. RMODECJ,7)
2 «ANDe. TRGPOS(Is4) GT. SMODE(J,1)) GO TO 30
C TARGET CANNGOTY BE DETECTED BY MODE J
0089 60 T9 70
0090 30 IFCRCC1) + DWLUNEXT) JNE. OFR) ISWIT = 0
0091 OFR=RC(1I+DWLLNEXT)
0092 RER=RC(1)>/GFR
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0093
0094
0095
0096

0097
0098
0099
0100
0101
0102

0103
0104
0105

0106
0107
0108

0109

0110
0111
0112

0113
0114
0115

0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128

0129
0130
0131
0132
0133

507

35
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RC(6I=GN/PFR* 2
RCC4)=THHERFR

RC (5)=THV#RFR .

PBBS = RMODE(NEXT,1) + RC(5)/2.

ALPHAD =
SIGC = ¢
SIG 0
AR1 0
AR?2 0
vV =0
CHECK FOR PRINT
IFC IPFLAG .NE. 0) G9 TO 35
IPFLAG = 1
IFC ANS1.EQ.0 ) G9 T9 35
PRINT SCAN NUMBER
PRINT 507,15C
FORMAT (//777530Xy “+4+4+4+4+ SCAN NUMBER = “,I44" 4+44+4+7,/)
IF( ANS1.NE.2 ) GO TO 35
PRINT HEADING
PRINT 49
COMPUTE SIGNAL ENERGY AND NOISE AND CLUTTER ENERGIES FOR TARGET I
CALL SIGNAL(ISRC{11)4RCC12))
CALL NOISECTISRC(13),RC(14))
TCKSS = TARCS
DETERMINE TARGET DETECYIONS IN MODE J
NREF = RC(15)
NCONZ = RC(18)
CALL MWDET(RCC12)sRCC13I4RCC14) 2 IMODE(J91)sRCC16IyRCCLTI9NREF,
RCC19) s IyNTARG9RC(4IsNCONZs ACONZZRC(C20),RCC21I,RC(22),
SNTRUE)D
IF C(ANS1.NE.2) GO T3 65
BHDEG=TRGPUS(I5)*RADIAN
BVDEG = TRGPAS(I,6)4RADIAN
DBE=COUNV*ALOG(RC(12))
DBN=CONV+ALOGCRC(14))
SN=DBE-DBN
TRGP = TRGPOS(1,4)%6.0802
AMBNDB = CONVXALOGCAMAXL CAMBNs1.0E-T4))
XJAMDB = CONVHALOGCAMAX1(XJAMN,1.0E-T74))
SCDB = CONVEALOGGCAMAYI(SIGCs1.0F-74))
SFAC4=COINV*ALOG(AMAXTI (FAC441.0E-74))
SNTRUE = 10.*ALGGI10(SNTRUE)D
PRINT 505 IaJsTIMECIDy TRGP yBHDEGyBVDEG, TCRSS9»SFAC4,DBE, AMBNDB
2 SCDBy XJAMDB 3SNs SNTRUEMER(CI)D
KNUM = NDETCID
IF (KNUMLEQ.D) GY TU 65
DO 61 K=1,KNUM
RRRR RANGE(CT 4KD)%6,0802
AAAA AZ (I 4KI*RADIAN

o

o
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DAVIS AND TRUNK

0134 IF(C MER(I)eNE.O ) AAAA = .5%(AZ(I,2%K) ¢ AZ(I,2#K~-1))*RADIAN
0135 $SSS = SNDET(I,LK)
0136 $SSS = 20.%ALOG10(SSSS)
0137 PRINT 55,RRRRsAAAA, SSSS
0138 55 FORMAT(5Xy “«DETECTION®* " 34X9F12425F10.2519X3F10.0)
0139 61 CONTINUE
0140 65 CONTINUE
0141 TO0 CONTINUE
C
C MERGE DETECTIONS FOR THIS MODE
0142 CALL MERDETC(RC(19),NTARGsACONZ)
C CALCULATE ROLL AND PITCH
0143 CALL STAB2
C
c SET UP DETECTIONS FOR SUTPUT
0144 DY 74 I = 19NTARG
0145 NCT = NDET(I)
0146 IF(NCT .EQ. 0) GO TO 74
0147 BUF(3) = BUF(3) + NCT
0148 DI 73 K = 1,4NCT
0149 ICNT = ICNT+1
0150 BUFAC1ICNT) = I
0151 BUFA(2,ICNT) = RANGE(I,K)
0152 BUFA(3,ICNT) = AZ(I,K)
0153 BUFA(45 ICNT) = ELEV(IsK)
0154 BUFA(5,ICNT) = TIME(I)
0155 BUFAC6sICNT) = SNDET(I,K)
0156 BUFA(6,ICNT)=20.%ALOGI10(BUFA(6y ICNT))
0157 BUFA(TSICNT) = ROLL(I)
0158 BUFA(8,ICNT) = PITCH(I)
0159 73 CONTINUE
0160 T4 CONTINUE
0161 75 CANTINUE
C
[ CLUTTER GUTPUT FOR TRACKING
0162 CALL FXCLT2
0163 CALL VRCLT2
C
C SCAN OUTPLUT
0164 8UF(1) = ISC
0165 BUF(2) = T#3600.
0166 BUF(3) = BUF(3) + IV
0167 BUF(4) = 2000+ITITLECL)
0168 BUF({5) = SHIP(5)
0169 BUF(58) = NTARG
0170 WRITE (IOUT) CBUF(I)yI=1,6)
0172 IFCANS1.EQe0) GO TO 220
- 0172 IFC BUF(3).£Q.0 ) GO TH 220
0173 PRINT 56, (BUF(1)y1=146)
0174 56 FORMAT(IHG/Z® SCAN NUMBER="9F5.0, " TIME="9F9.2y " NO. DETECTI
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1ONS=“9FS540y RADAR ID=“3F6.09 " HEADING="9gFT7a2y° NOG. TARGE
2TS="3F4.0/)

017s PRINT %8
0176 S8 FORMATCLB8X9“ID 96Xy “RANGE 95X “AZIM" 36X 3 "ELEV “96Xy “TIME "9 6Xs “ESIG”
196Xy "RULL “95Xy "PITCH")
0177 220 CINTINUE
0178 DY 250 I = 14,NTARG
0179 SUFB(1,I) = I
0182 BUFB(25I) = TRGPAS(Is4)
0181 BUFB(3,I) = TRGPOS(I,5)
0182 BUFB(4,1I) = TRGPAS(Ieb)
0183 BUFB(5,1) = TIME(I)
0184 250 CONTINUE
0185 IFC(IVL.EQ.0) GO TO 270
0186 00 260 I = 1,1V
0187 ICNT = ICNT+1
01338 BUFAC1,ICNT) = 200
0189 IF(I.LELIC)
1BUFACL,ICNT) = 100 + NC(I)

0190 BUFA(2,ICNT) = ROUT(I)
0191 BUFAC3,ICNT) = AZOUT(I)
0192 BUFA(4,ICNT) = ELOUTCI)
0193 BUFA(5 5 ICNT) = TOUTCI)D
0194 BUFAC6,ICNT) = SOUTC(I)
0195 BUFAC6yTCNT)=20,%ALOGI0CBUFAC6y ICNT))
0196 BUEACT,ICNT) = RLOUTCI)
0197 BUFAC(EICNT) = PTOUTCD)
0198 260 CONTINUE
0199 270 CONTINUE
0200 DO 275 J = 1,NTARG
0201 WRITE (IOUT) C(BUFB(IsJ)sI=1,.5)
0202 275 COUNTINUE
0203 IFCICNTLEC.0) GO Y9 290
0204 DO 277 J = 1,ICNT
0205 WRITECIBUTY (BUFACIsJI)sTI = 148)
0206 277 CONTINUE
0297 TFC(ANS1.ECL0) GO TO 290
0208 DO 280 J = 1,ICNT
0209 PRINT ST, (BUFAC(IyJ)sI = 1,48)
0210 57 FORMAT(" DETECTION NUM “3F5.0,7F10.4)
0211 280 CONTINUE
0212 290 CONTINUE

C

C MEW SCAN
0213 T = T + RMIDEC(1,5)
0214 IFCT 6T, ENDTIM) GO T 110
0215 608 Y3 20

C
0216 80 CUNTINUE
0217 IF (ISTEP,.LE.4000) GO YO 20
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0218
0219
0220

0221
0222
0223
0225
0225

0226

0227
0228

110 ISTEP=ISTEP-1

301 CAONTINUE
XJAMN=0.

READ IN RECYCLE CONTROL PARAMETER

DAVIS AND TRUNK

IANS=1(SHIP)s=2(TARGET)s=3C(ENVIRONMENT ), =4 (FINISHED)

READ 524

TANS

GO T9 (54105115140),TANS

140 CONTINUE
130 CONTINUE

49 FORMAT (//37Xs "MODE “942Xs “SIGMA 9/ " TARGET "y9Xy “TIME
ELEV

156Xy "AZIM
2 E/N

MER

)

FACTOR

ESIG

NAMB

NCLTY

RANGE
NJAM

50 FORMATCLX92149F11019F12.29F10.29F10e29F5.13F5.03F9.053F8.0,5F9%.2

1,F7.24515)

60 FORMAT (1X914/7(1Xs5(FTa1+F7.5)))

END
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0007
0008

0009
0010

0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021

0022
0023
0024

0025
0026
0027
0028
0029
0030
0031
0032
0033
0036
00135
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SUBROUTINE FXCLT2
COMMIN NSCANSNEXT 4NUMTST yT5GLDT,ENDTIM »SMODE(30,20)
sPI4PTOVR2 ,TWOPISRADYAN,TAUC30)sDSTAR,DNL(30)
9 XYZIC2044)9XYZIF(2094)9TRGPUSC209T7)ySIGIANC20)
»ySIGTAR(2053)9FHV(20) s STIGMAH ISHITSTEMPUR
s SHIP(9)yRC(30)yRMODE(30412)+ IMODE(30,42)
CEMMON /FCIN/ NyPROBgRSyRFyTHSy THF 3 SIGA9SIGRy ISET
COMMON /FCPT/ RC100)9A2C100),RANC400)4N25N34N4
COMMAN ZCLTOUT/ ROUTC201)5AZ0UTC201)sELBUTC201),5TOUT(201),
1 RLOUTC201)y PTOUT(201)5sSOUTC201)sNCC100)5IC, IV
COMMON /STABIN/ RMAXsPMAXSRFAC,PFAC4PHASE(2)

W N e

IC=0

IF (N.EQ.0) GO TC 15

TIMZB IS THE TIME OF THE ZERO BEARING CROSSING
TIMIB=T#3600.

TIMSCN IS THE SCAN TIME OF THE RADAR
TIMSCN=RMMADE(145)%3600.

RES IS THE RANGE GATE SIZE
RES=RC(19)

CALL SETVR(CISET)

CALL VRANF(RANsN4)

ISET 2147483647 «*RAN(1)

ISET 23 (ISET/2) + 1

DO 20 I=1,N

IF (RANCID.GT.PROBY GO TO 20
IC=IC+1

NCCIC)=1

TH=RANCI+N)*TW3IPI
RAY=SQRT (=2 . #ALGG(RAN(I+N2)))
K=(RCID+SIGR*RAY*COSCTH)I/RES
ROUTCIC)=(K+0.5)*RES
TOUTCIC)=TIMZB+TIMSCN*AZ(I)/TWOPI

GENERATION OF ROLL AND PITCH

RLAUTCIC)=RMAX#SINCTOUTCIC)*RFAC+PHASE(1))
PTOUTCIC)=PMAX«SINCTIUTCIC)*PFACH+PHASE(2))
CR=COSCRLOVUTCIC))

SR=SINC(RLBUT(IC))

CP=COS(PTOUTCIC)H)

SP=SIN(PTOUT(IC))

AA=AZ(TI)-SHIP(5)

TE=),.

X=SINCAAD*CR+(CUS (AAD*SP+TE*CP)*SR
Y=CAOSCAAI*CP~TExSP

A=ATAN2(X 4 Y)+TWOP I

GENERATION OF MEASURED ANGLES
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0036
0037
0038

0039
0040
0041

0042
0043
0044

0045
0046
0047

0048
0049

0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069

COMNOOO OO O0 [aNeKel

[aNaNel

20

50

55

10
15

DAVIS AND TRUNK

AM =A+SIGA*RAY#SIN(TH) +SHIP(5)

ELOUTCIC)=0.0

AZAUTCICI=AMID(AM, TWOPL)

*xxx2x¥4%x NEED TO GENERATE JUTPUT POWER [ EE T2 T T
SHUT(IC)=55.55

CONTINUE

RETURN

INIVTALIZATION OF THE CLUTTER ROUTINE

ENTRY FCINIT
READ 50, ISETeNsPRUBIRSyRF4SIGRyTHS, THF$SIGA
FORMAT (218s7TF8.2)

ISET IS TNE INITIALIZAYION NUMBER FOR THE RANDOM NUMBER GENERATOR
N IS THE NUMBER OF FIXED CLUTTER POINTS
PROB IS THE PBOBABILITY THAT THE CLUTTER POINT IS DETECTED
RS IS THE INITIAL RANGE OF THE CLUTTER AREA
RF IS THE FINAL RANGE OF THE CLUTTER AREA
SIGR IS THE STANDARD DEVIATION JOF THE RANGE MEASUREMENT
AS A PERCENTAGE OF RANGE RESOLUTION CELL SIZE
THS IS THE INITIAL AZIMUTH OF THE CLUTTER AREA
THF IS THE FINAL AZIMUTH OF THE CLUTTER AREA
SIGA IS THE STANDARD DEVIATION OF THE AZIMUTH MEASUREMENT
AS A PERCENTAGE OF HORIZONTAL 30B BEAMWIDTH

PRINT 554ISETyNyPROB,RSyRF9SIGRy THSyTHF9SIGA
FORMAT (1HOs" FIXED CLUTTER “42I857F8.3)
CALL SETVR(ISET)

CALCULATIGN OF RANGE CELL DIMENSION

RES=TAUC1)%300000./2,
RES=RES*3.2808/6.08
RC(19) = RES = RANGE RESOLUTION CELL SIZE
RCC19)=RES

IF (N.EQ.0) GO TO 15
RS=RS/6.0802

RF=RF/6.0802
THS=THS/RADIAN
THF=THF/RADIAN
SIGA=STIGA*RC(4)
SIGR=SIGR*RES

IF (N.6T.102) N=100
N2=2%N

N3=3#N

N&4=4xN

CALL VRANF(RAN,N2)

ISET = 2147483647.#RANC1)
ISET = 2x(ISET/2) 4 1

DT 10 I=14N
RCLI=RS+(RF-RSI*RANCIT)
AZCI)=THS+(THF-THS)*RANCI+N)
RETURN

END
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0001
0002
0003

c004d

000S
0006

0007
0008
0009
0010

9011
on12
0013
no14
0018
0016
0017
0018
0019
0020
0021
cvee
9023
0024
002%
0026
0027
0028
0029
0030
0031
0032
0033
0034
003s
9036
0037

n038
0039

0040
uhul

50

1
2
3
4

*
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SURRMUTINE INITAL

DIMENSTON AMAODE (30,2)

COMMAN NSCAN,NEXT,NUMTGT,T,0LDT,ENDTIM ,SMODE(30,20)
,PI,PIAVRY ,TwOPI,RADIAN,TAU(30),D8TAR,DKL(30)
JXYZI(20,4),XYZF(20,4),TRGPAS(20,7),816GJAM(20)

SSIGTAR{20,3),FHV(20) ,SIGMAMH, ISWIT, TEMPUR
,SHIP(9),RC(30),RMADE(30,12),IMPDE(30,2)

cAMMAN/B/ ENVIR(10),SUBC(30),RE,CNM,CCH,ACON,BETA,
DﬁTP(EO),’OLRZ,IKEYF,XKTBMS,XNMTBM,TARCS,WVL,FUPIQB,FUPISO

COMMAN/I/ PBRS,HOFK, THETRK,DRDPWN, THH, THY,GN

RCC10)8290,0%1,3R%10,02%(=23)

X Y Z SHIP CRORDINATES

READ S0, (SHIP(I),I1=21,3), SHIP(S)

FARMAT(9FB,2,12,F6,2)

PRINT 500, (SHIP(I),I=y,3), SHIP(S)

500 FARMAT(/,' SHIP X,Y,Z, COORDINATES ARE ',3F8,3,8X, tHEADING IS¢,

30

s01

51

1

*

FR,3)
MILIANZY,0E+6
DA 30 Is31,3
SHIP(1)=SHIP(I)/6,0802
PI123,1415926536
TWAPTISPI*2,0
P13VRe =zP1I/2,0
RADTAN=ZS7,29578
SHIP(4)SSHRT(SHIP(3))
SHIP(S) & SHIP(S)/RADIAN
READ S0,(RC(1),1%1,9),NSCAN,POLRZ
IF(NSCAN,LE, 30) GO TH 10
NSCAN = 30
CANTINUE
PRINT S01,(RC(I),1=1,9),NSCAN,POLRZ
FARMAT(/' 11 RASIC RADAR PARAMETERS ARE ',9F8,2,14,Fb,2)
RCCU)RRC(4)/RADIAN
RC(S)BRC(S)/RADIAN
THHSRC (4)
THV2RC(S)
RC(6)E10,%#4(RC(6)/10,)
GNERC(6)
RE(3)I210,%2(PC(3)710,)
RC(7)E10,+x(=RC(T7)/20,)
RC(R)Z10,4+(=RC(B)/10,)
RC(I)®I10 %= (=RC(9)/10,)
DRDAXN & RC(T)I*RC(T)
08 &0 J = 1,NSCAN
FMADE(1,5) IS USED AS RADAR SCAN RATE FBR AlLL MODES
READ 51v(pMUDE(JaI)'I=1.8).A"UDE(J,l),?MBDEtJ.lt),SUFC(J)
#JRMEDE (J,12),DWL ¢J),SM,S#ADEC], 2)
FARMAT(10FR,2)
IMADE (J,1)3AMADEC(T, 1)
PRINT 5!!.J,(RMGDE(J.I),Il!,8),I“GDE(J,1),RMHDE(J,11),SU9C(J)
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0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
00%2
0053
0054
0055
00%6
0057
0058
0059
0060
0061

0062
0063
0064
0065
0066
0067

(s XKz NaNalalaNeXaRalalaloRaNaXaNalkalel

St

55

60

70

700

DAVIS AND TRUNK

* sRMODEC(J,12),0WL(J),8M,8MBDECS,2)
FORMAT(/,' 16 MODE ',32,' PARAMETERS ARE ',8F9,3,18,/,50%,6F9,3)
1F (RMODE(J,5),67,0,0) 6& TO 55
RMADF (J,5)510,0
PMODE(J,1)8RMODE(J,1)/RADIAN
RMODE (J,2)=RMADE(J,2) /RADIAN
IF(SY,EQ,0)SMRRMODE (T, u)

SMADE(J,1)8150,#8M/XNMTOM

SMODE(J,2) =& 10, ,4x(=SMADE(S,2)/10,)

RMODE (J,S)SRMADE(J,5)/3600,0

RMONE (J,6)SRMADE(J,6)/3600,0
RMODECJ,4)SRMODE (J,4) /MILIAN
RMONE(J,8)810, 20 («RMODE(J,8)/710,)
RMODE(J,3)SRMENE(J, 3)aMILION

TAUCS) s RMADE(J,11)/MTLTON

IF(RMODE(J,12),LE,0) RMODE(J,12) = 1,0/RMODE(J,11)
RMBODE(J,12) & RMODE(J,12)eMILION
IMBDE(J,2)8MAX S (RMODE (J,12)#RMBDE(J,11)/MILION 40,5,1,0)
RMODE(Jy11) 3 10, ,%x(«PMF)

SUBC(J) = 10,#x(=8UBC(J)/10,)

CONTINUE

READ IN PARAMETERS FOR MOVING WINDOW DETECTOR
RC(1%) s NREF s NO, REFERENCE CELLS ON EACH SIDE OF TARGET CELL
RE(16) = COR s CLUTTER CORRELATION COEFFICIENT
RC(17) = FSIG = NG, STANDARD DEVIATIONS USED IN THRESHAOLD
RC(18) ® NCONZ = NO, OF DETECTIONS THAT CAN BE MISSEN AND
) - DETECTIONS STILL MERGED INT® A SINGLE DETECTION

RC(19) = RESOLUTION CELL ST2E (CALCULATED)
RC(20) s XLOG = VIDES TYPE

0 LINEAR VIDEO

| LO; VIDE®
RC(21) = THRSH = NO, f¢ REFERENCE CELLS USED

0 ALL CELLS USED

<0 SMALLER HALF USED

> 0 LARGER HALF USED
RC(22) = PARM x PARAMETERS USED T8 CALCULATE THRESHOLD

1 MEAN USED

2 MEAN AND VARIANCE USED

READ 70, (RC(I),!=15,18), (RC(I),I1220,22)

FORMAT(10FB,2)

PRINY 700, (RC(1),1=215,18), (RC(I),I=20,22)

FORMAT(1H0,*  ADDITIONAL RADAR PARAMETERS ARE !,7F9,3/)
RETUPN

END
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0001 SUBROUTINE MERDET (RESsNyACONZ) R
0002 COMMON /DET/ NDETC20)sMERC20)sRANGEC2053)9A7C2006) 5 SKDETC 20, 37, e
1 ELEV(20+3)9 TIMNEC20) : v
0003 DIMENSION KTARC60)sKDETC60)5KTRRC60)5KDTTC50) -
C . .
C RES IS THE RANGE RESOLUTION =
c N IS THE NUMBER OF TARGETS
c ACONZ IS THE ANGLE IN WHICH TARGETS ARE MERGED
¢
0004 =0
0005 09 30  I=1,eN
0006 IF (MERCID.NE.-1) GO TO 30
C HAVE A MERGE PLOBLEM AND AM ORDERING DETECTIOGNS IN AZIMUTH
0007 II=NDETCI)
0008 IF (IT.EQ.0) GO T8 30
0009 DO 25 J=1,I1I
0010 IF (KoGT40) GO TG 10
0011 XK=1
0012 KTAR(C1)=T
0013 KDET(1)=J
0014 60 16 20
0015 10 A=AZ(TI,2%J-1)
0016 20 15 KK=14K
0017 IF CA.GTAZCKTARCKK)s2#¢KDETCKKI-1)) GO TO 15
0018 KC=0
0019 DO 12 JI=KK,K
0020 KC=KC+1
0021 KTARCK+2-KC)=KTARCK+1~KC)
0022 KDET(K+2-KC)=KDET(K+1-KC)
0023 12 CONTINUE
0024 KTAR{KK)=1
0025 KDETCKK)=J
0025 GO TU 18 !
0027 15 CONTINUE
0028 KTARCK+1)=1
0029 KDET(K+1)=J
0030 18 K=K+1
0031 20 COMTINUE
0032 25 CONTINUE
0033 30 CONTINUE
0034 IF (K.GT.1) GO T8 40
0035 IF (K.€Q.0) GO T8 35
0036 I=KTARC1)
0037 AZCT51)=CAZCI,2)+AZCT,1))72,
0038 35 RETURN
0039 490 CONTINUE
C
C DECISION MADE N THE PROPER DETECTIONS
C
0040 KK=1
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0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063

0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077

60

T0
5

80

100

OO

119

150

DAVIS AND TRUNK

KC=0

DI 100 JJ=2,K

I=KTARCJSD)

J=KDET(JJ)

DU 60 L=14yKK

IF (ABS(RANGE(TsJ)~RANGE(KTARCL)»KDETC(L))).GT1.5%RES) GO TO 40
IF (AZ(KTARCL) 9 2% KDETCL))+ACONZLTLAZCI32%J)) GO TG 60
Go TO 80

CONTINUE

IF (KC.EQ.0) GO TO 75

DO 70 L=1,KC

IF C(ABS(RANGE(IsJ)~RANGECKTRR(LIoKDTT(L)))oGTo1.5%RES) GO TO 70
IF C(AZ(KTRRCL)$2%KDTT(L)) elLTsAZ(Is2%4)) GO TO 70
Go T9 80

CONTINUE

KK=KK+1

KTARCKK)=KTAR{ JJI)

KDETCKKI=KDET(JJ)

G@ T8 100

KC=KC+1

KTRRCKCI=KTAR(JJ)

KDTT(KC)I=KDET(JJ)

CONTINUE

CORRECTION OF OUTPUT ARRAYS

DO 110 I=1,4N

IF (MER(TIJ.EQ.~1) NDET(I)=0
CONTINUE

DO 150 K=1,KK

I=KTAR(K)

J=KDET(K)

IT=NDET(CI)+1

NDETC(I)=II

RANGECI, II)=RANGE(T,J)
SNDETCIII)=SNDET(1,4)
AZCIoII)=CAZ (T 92%J)+A2(1524J-1))72.
CONTINUE

RETURN

END
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0096
0007
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0009
0010
0011
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SUBROUTINE MWDET (SyCysFNyN3DByCORyFSIGyNREF,RES9yNTAR9Ns TH3IDB,

1 NCONZ sACAONZ 9 XLOGo THRSHy PARMy SNTRUE)D
CHOYMMON /DET/ NDEVT(20)sMER(C20)3RANGE(2043)5A2(2096)9SNDET(20+3),
1 ELEV(2043), TIME(C20)

COMMON NSCANSNEXToNUMTGT 4 ToOLDT4ENDTIM o SMOGDE(30,20)
sPISsPIOVR2 s TWOPISRADIAN,TAU(30)9DSTAR,DWL(30)
s XYZI(2094)9XYZF(2094)9 TRGPOS(2097)9SIGJAM(C20)
sSIGTAR(C2053)yFHV(20)9SIGMAH, ISWITTEMPHR
s SHIP(9)4RCC30)yRMODE(C30+12)5 IMODE(30,2)
COMMAN /MUD/ MODELC20)
JIMENSION FLUCT(401)
DIMENSION SNREF(20),INF(20)
DIMENSION X(401+25)555(401+25),SUM(25)+I5S(25)sR(1204),1D(3)
DIMENSION DC14),ICC14)4XFIRST(14)9sXLAST(14)9IDETC14)55N(14)

W N e

S IS THE SIGNAL POWER

C IS THE CLUTTER POWER

FN IS THE NOISE POWER

N3DB IS THE NUMBER OF PULSES BETWEEN THE 3-DB ANTENNA POINTS
COR IS THE CORRELATION CGEFFICIENT OF CLUTTER

FSIG NUMBER OF STANDARD DEVIATIONS USED IN CALCULATION OF THE TH
NREF IS THE NUMBER OF REFERENCE CELLS ON EACH SIDE

RES IS THE RANGE RESOLUTION CELL SIZE

NTAR IS THE TARGET GF INTERESTY

N IS THE NUMBER OF TARGETS

TH3DB IS THE ANTENNA 3-DB BEAMWIDTH

NCONZ NUMBER OF DETECTION THAT CAN BE MISSED AND DETECTIONS STILL

MERGED INYO A SINGLE DEVECTION
ACHYNZ IS THE MERGE DISTANCE(NCONZ) IN ANGLE

XL9G DENOTES WHETHER LINEARCXLOG=0.0) OR LOG(XLOG=1.0) VIDEO IS USED

THRSH DENOTES WHETHER ALL THE REFERENCE CELLS(THRSH=0.0) , THE

SMALLER HALF(THRSH<O0), OR THE LARGER HALF(THRSH>0) SHOULD BE USED

PARM DENOTES WHETHER THE MEAN AND VARIANCE(PARM=2.) OR JUST THE
MEAN(PARM=1.) SHOULD BE USED TO CALCULATE THE THRESHOLD
SNTRUE RETURNS TRUE SIGNAL/NOISE RATIOG USED

IF (N3DB.LE. 99.AND.NREF.LE.10) GO TO 3

PRINT 50

FORMAY (1H1,” EITHER N3DB OR NREF ARE TOO LARGE”)

ST3P

IF C(ABSCCOR).LT.1.0) GO TO 4

PRINT 51

FORMAT (1Hl,” CORRELATION COEFFICIENT IS GREATER AR £QUAL TO 17)
sT0P

. CONTINUE

TEST TH SEE IF THERE IS ANY CHANCE OF A TARGET DETECTION

SNINT=N3DB*S/(C+FN)
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11
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13

DAVIS AND TRUNK

IF (SNINT.GV.2) GO T 5
NDETCNTAR)=D

SNTRUE = 10.%%(-9,9)

RETURN

SNREF(1)=S

INF(1)=NTAR

NREF2=2%NREF

CALL RESOL(NREFRESyNTAR,SNREF s INFoNIoTH3DByN)
CALL VRANE(Rs1)

NEL=TH3DB/(N3DB+1)

ACONZ =DEL*NCONZ
AZIM=TRGPOSCNTAR,5 )4+ (RC1)-.5)%DEL
AZINS=AZIM-201.%DEL

KRS=TRGPES(NTAR 44 ) /RES

RS=RES*KRS-13,#RES

(SRRl R R R R R R RS S S R R R RN PR N WGy

GENFRATIGN OF SIGNAL VALUES

AR AR SR AR e R N Y

NS=201-2%N3DB-2
NF=201+2%N3D8
NRS=13-NREF-2
NRF=13+NREF+2
D& T I=NRSsNRF

- ISCI)=0

DG T J=NSoNF

$S(Jy13=0.

IMERGE =0

909 40 K=1,4NI

RR=TRGPASCINF(K)s4)

KR=(RR-RS)I/RES

IF (KefQeleOR.KRaGTL16.0RKRLLTL10) GO TO 8
IMERGE=1

FLUCTUATING SIGHNAL

NSU=MUDEL CINF(K)D

IF (NSW.GT.0) 60 19 11
FlL=1a0

Na 10 J=NS,NF
FLUCT(J)=FL

9 T3 171

GO T3 (12513515516)4NSW
CALL VRANF (Rs1)

FL ==ALOG(R(1))

Gg 749 9

M=NF+1-NS
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17
171

18

19

NRL REPORT 8228

CALL VRANF (RyM™)

KK=0

DG 14 J=NS,NF

KK=KK+1

FLUCT(J)=-ALOG(RC(KK))

GH T0 171

CALL VRANF (R,2)
FL==45%*(ALOG(R(1))+ALOBG(R(2)))
6d 19 9

M=NF+1-NS

M2=2%M

CALL VRANF (RgM2)

XK=0

DO 17 J=NSsNF

KK=KK+1
FLUCT(J)==.5«(ALIG{R(KKII+ALOG(R(KK+M)))
CONTINUE

Ng 35 [=1,3

KT=KR+1-2

IF (KTWLT.NRS.OR.KT.GT.NRF) GO TO 135
[S(KT)=1

MODULATION OF SIN(X)/X PULSE SHAPE

RTEMP = KT#RES+RES/2.+RS
FDIF=2.7832%(RR-RTEMP)/RES
F=1.

IF (FDIF.€Q.0) 69 To 18
F=SINCFDIF)/FOIF

F=FsF

SM=F¥SNREFC K )/ (C+FN)

AA=TRGPOSCINF(K)y5)
NC=(AA-AZIM)/DEL+201
NRED=MAX0(1,N3DB/10)

IF (I.€EQJ.2) NRED=0
NNS=MAXO(NSsNC~N3DB+NRED)
NNF =M INO(NFsNC+N3DB-NRED)

MODULATION OF SINCX)/X ANTENNA PATTERN

Ny 20 J=NNSSNNF
GDIF=2.7832%(J*DEL+AZIMS~AA)/TH3DB
6=1.

IF (GDIF.EQ.0) 6O TO 19
6=SIN(GDIF)/GDIF

G=G%x%4

txeks NOTE 4 TARGETS ARE ADDED NONCOHERENTLY #dk#dkxks
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DAVIS AND TRUNK

0099 SSCUsKTI=SS(JeKTI+SMGxFLULCT(Y)
0100 20 CONTINUE
0101 35 CINTINUE
0102 40 CINTINUE
0103 SNTRUE = 0.
0104 NSS = 201 - (N3DB-1)/2
0105 NSF = 201 + N3NB/2
0106 DO 402 J = NSS,NSF
0107 402 SNTRUE = SNTRUE + SS(Jy13)/N3DB
0108 DO 41 I=NRSyNRF
0109 IF (ISCI).EQ.D) GO TO 41
0110 41 CONTINUE
C
C LR R R R P T TS R PR YOOy
<
C GENERATIAN 9F NOYISE SAMPLES
C
C LR R R R LR R L R R R R P R R W as
C
0111 M=NF+1-NS
0112 M2=2%M
0113 M3=3%M
0114 v ME=40M
0115 IF (N3DB*C «CTLFN) GI TO 100
C
C CLUTTER TS NOY A FACTOR
C
0116 00 90 T=NRSyNRF
0117 IF (ISCIDWEQ.1) GO T3 75
[
C NG SIGNAL PRESENT IN THIS CELL
C
o118 CALL VRANF (R,M)
0119 K=0
0120 DO 69 J=NSsNF
0121 K=K+1
0122 X(JsI)=SQRT(~2.*ALOG(R(KI)I)
0123 60 CONTINUE
0124 GO T3y 99
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=SORT(-2.,%¥ALOGC(R{K)))
0130 B=TWOPI*R(K+M)
0131 X(Jy I)=SORTC(CA*CAS(BI+SQRT(SS(IsID)%1.414d%%2+ (A*SINCBI ) *%2)
0132 R0 CONTINUE
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200
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220
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CONTINUE
GO T9 200

CLUTTER IS A FACTOR

ATLDX=SQRT(C/(C+FN))
CC=A9LOX
FEN=SQRT(FN/(C+FN))
P=SJRT(1.-CIR*COR)
DY 150 I=NRSsNRF
CALL VRANF (Ry2)

ACLDY= CCAxSTNCTWOIPI#R(1))%SQRT(-2.%ALIGCR(2)))
ATLDX= CCxCOS(TWOPTI#R(1DI*SQRT(~2.¥ALOG(R(2))D)
CALL VRANF (RyM4)

K =0

DT 120 J=NS,NF

K=K+]1

A =SQRT{~2.«AEOG(R(K)III*CC

Al=SQRT(-2.,%ALAGCR(K+M)) D) *FFN

B =TWOPI*R(K+M2)

B1=TWOPI*R(K+M3)

AGLDX=COR*AOLDX+P*A*COS(B)

AGLDY=CIR*AOLDY+P *A*SIN(B)

XCJsI)=SQRT(CATLDX+ALI*COAS(BII+SQRT(SS(JsId)%1.414)%%2 +
CAOLDY+A1xSIN(B1))%%2)

CINTINUE

CONTINUE

P R R R R RS e R e e A R RS S R AR R RS R R AR RS L

GENERATIAGN OF MGVING WINDOW

I R R e A S A S S R R AL A A R AR R R RS R AR RS R 2 2

MS =NS+N3DB-1
IF (XLOG.LT.0.0001> GO TO 210

USF LOG VIDEO

DO 205 J=NS4NF

DO 205 L[=NRS,NRF
XCJsTI=ALUGX(J,TI))
COUNTINUE

D9 241 L[=NRS,NRF
CUNTINUE

DO 220 I=NRS,NRF
SUM(CId=D.

DO 220 J=NS,MS
SUMCI)=SUMCII+X(Jy 1D
MS=MS+1
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250

249

DAVIS AND TRUNK

I11=0

DU 285 J=MSyNF

DU 225 I=NRSyNRF
SUMCI)=SUMCTII+X(Js ID~XC(J-N3DBy1)

GENERATION OF THE DETECTION THRESHOLDS

00 250 L=12,414

ULOW=0.

UuP=0.0

XMSLAIW=0.0

XMSUP=0.0

DO 230 I=14NREF
ULOW=ULOW+SUMCL-1I-1)
UUP=UUP+SUM(L+ I+1)
XMSLOW=XMSLOW+SUM(L-T-1)%%2
XMSUP=XMSUP+SUM(L +T+1)%%2
IF (THRSH.NE.0.0) GJ TO 235

USE ALL REFERENCE CELLS

U=yLCewW+UUP

XMS=XMSLOW+XMSUP
DCLI=U/NREF2+FSIG*SQRT(XMS/NREF2-(U/NREF2)%%2)
IF (PARM.GT.1.5) GO TO 250

DCLI=FSIG*U/NREF2

IF (XLOG.LT.0.0001) GO YO 250
DCL)=FSIG+U/NREF2

GO YO 250

USE EITHER MINCTHRSHCG) OR MAXCTHRSH>0) REFERENCE CELLS

IF (THRSHWLT.0.0.AND,ULOW.LT.UUP) GO TO 240
IF (THRSH.LT.0.0.AND.ULOW.GE.UUP) GO TO 245
IF (THRSH.GT.0.,0.AND.ULOW.LTL.UUP) GO TO 245
IF (THRSHGT 0.0, AND.ULOWLGELUUP) GO TG 240
U=uLew

XMS=XMSLOW

GY TO 248

u=yyrp

XMS=XMSUP
DCL)=U/NREF+FSTIG*SGRT(XMS/NREF-(U/NREF)**2)
IF (PARM .GT.1.5) GO TO 250
DCL)=FSIG*U/NREF

IF (XLOG.LT40.0001) GO YO 250
DCL)=FSIG+U/NREF

CONTINUE

IF (J.GT.MS) GO TO 249

CONTINUE
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DU LOOP FOR DETECTION AND GENERATION OF CENTER PULSES

DO 280 I=12,14

IF (J.GT.MS) GO TO 255
IDET(I)=1

ICCTI)=D

IF (SUMCI).LT.D(I)) GO TO 280
IDET(I)=3

ICCI)=NCONZ

6C TO 280

K=IDET(I)

GO TO (260527052754280)5K

CHECK FOR INITIAL DETECTION

IF (SUMCI).LT.D(I)) GO TO 280
IT=T1I+1

IDCIID=I

XFIRST(I)=y

XLAST(I)d=J

SNCI)=SUMCID)

ICCIX=NCONZ

IDET(ID)=2

GO TO 280

CHECK FYR FINAL DETECTION

IF (SUMCI).LT.D(I)) GO TO 273
XLAST(CI)=J

ICCIX=NCONZ .

IF (SUMCIJLT.SNCI)) GO TOU 280
SNCID=SUMCD)

GO0 T9 280

CHFCK T9 SEE IF DETECTION ENDED

ICCI)=ICCI)-1
IF (ICCI).EQ.0) IDET(IDd=4
63 T9 280

CHECX T3 SEE IF DETECTION FROM ANOTHER TARGET ENDED

IF (SUMCI).GE.DC(I)) ICCID=NCONZ+1
ICCID=ICCI)-1

IF (ICC(ID.GT.0) GO TO 280
IDETCID=1

CONTINUE

CAONTINUE

AR 2SR S e S AR R e el R S R S S R S A A A R LSS S A 2L ST S 2 2 24
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DAVIS AND TRUNK

CHECK FIR DETECTIGNS

R N e R A R S SRS R R R AL R RS A LS R A R A s

IF (II1.GT.0) GO Y43 300
NDET(NTARD=0

MER(NTAR)=0

IF (IMERGF.EQe1l) MER(NTAR)=-2
RETURN

MERGING MF MULTIPLE THRESHOLD CROSSINGS
IF (IMERGELEQ.1) GM TO 400
N MULTI TARGET RESOLUTION PROPLEMS

GO TO (3104320433G)s II

ONLY 1 THRESHOLD CRGSSING

NDET(NTAR)=II

MER(NTAR)=0

DO 315 I=1,II

RANGE (NTAR,ID)=RS+(ID(I)+.5)*RES

SNDETC(NTAR, I)=SNCIDCI))

IF (XLEG.GT.0.0001) SNDET(NTAR,I)=N3DB+EXP(SNDET(NTAR, [)/N3DB)
AZCNTARyID=AZIMS+(XLASTCIDCIDI+XFIRSTCID(I))~N3DB)*DEL/2.
CONTINUE

RETURN

TWO CROSSINGS OF THE THRESHOLD
IF CIDETC 13).EQ.1.0R.IDET(13).EQ.3) GO TO 310
THERE ARE TWO ADJACENT THRESHOLD CROSSINGS

IF (XLASTCIDC1))+NCONZ.LT,XLASTCID(2))) GO TO 310
I1=1
68 T9 310

THERE ARE THREE ADJACENT THRESHILD CROSSINGS

K=1

IF CIABSCIDC1)-ID(2)).EQ.2.0R.
1 XLASTCIDC1))4NCONZ LT XLASTCID(2))) K=2

GO TO (3409350)4K

If C(TABSCINC1)-IDC3)).EQ.2.AND.
1 XLASTCID(2)) +LT.XLASTCID(3))) GO TG 345
II=1

68 T9 310

II=2
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ID(2>=10(3)
G9 T 310 -
IF (IABSCIDC1)-TI0(3)).EQ.2.0R.

1 XLASTCIDC1))4+NCONZ.LTLXLASTCID(3))) GO To 355

1I=2

GO T9 310

IF (TABSCID(2)-ID(3)).EQe2.0R,

1 XLASTCID(2))+NCONZLLT, XLASTCID(3))) 6O T6 310
II=2

Gd T4 310

L e e e e R S e
MERGING PRIPLEM WITH ANOTHER TARGET 4PROBLEM SOLVED IN SUB. MERDET
L e Y L R e s e

NDET(NTARD=TI

MER(NTAR)=-1

DO 415 I=1,I1 :
RANGE(NTAR,I)=RS+(ID(I)+.5)*RES

SNDETCNTAR, I)=SNCINCI))

IF (XLOG.GT.0.,0001) SNDET(NTAR,I)=N3DB+EXP(SNDET(NTAR, I)/N3DB)
AZ(NTARy2*I-1)=AZIMS+XFIRSTCIDCI))*DEL~-N3DB*DEL/2.
AZ(NTAR,2#1 )=AZIMS+XLAST (IDCI))#DEL-N3DB#*DEL/2.
CONTINUE

RETURN

END
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DAVIS AND TRUNK

SUBRGUTINE STAB2
CAOMMOIN/TM/NTARG N JAMy SPEED(20)y HEADI(20) yHEADF(20) 5 TMANIC20),
1 THANF(20) 9 XMANT (20933 9 XMANF(2053),GTURNC20), TURNC20)
2 CMC2052)yRADMC20) ETYPEC20)9ALT(20+5)9 TALT(2045) s NALTC(20)
CAMMON NSCANSNEXTaNUMTGT 3 T OLDT4ENDTIM 4SMODE(304920)
sPI4PIOVR2 ,TWOPIsRADIANSTAU(30)4DSTAR,DWL(30)
o XYZI(204) 43 XYZF(2044)s TRGPOS(20,7)+sSIGIAMC20)
9SIGTAR(2N¢3)3FHV(20)ySIGMAH, ISHWIT, TEMPUR
s SHIP(4)4RC(30),RMODEC306,12)5 IMODE(30s2)sRES
COMMIN /DET/ NDEY(20),MER(20)+RANGE(2053)9A2(20,56)9SNDET(20,3),
ELEV(2053), TIME(20) )
COMMON /STAB/ ROLL(20),PITCH(20)
COMMON /STABIN/ RMAXsPMAX,RFACsPFAC,PHASE(2)
DO 30 I=1sNTARG
IF (NDET(ID.EQ.0) GO TO 30
K=NDET(I)
RILLCI) =RMAX*SIN(TIMECID*RFAC+PHASE(1))
PITCHCID=PMAX+SINCTIMECI)*PFAC+PHASE(2))
CR=CASCROLL(I))
SR=SIN(ROLLCI))
CP=COS(PITCH(I))
SP=SINCPITCHCIY)
AA=TRGPOS(I,+5)-SHIP(5)
TE=TAN(TRGPOIS(1,6))
X=SINCAA)*CR+(COSCAAI*SP+TE*LPI*SR
Y=COSCAAI*CP-TE*SP
A=ATANZ2(X3sY)+TUOPT
DO 25 J=1,K
ATEMP=AZ (T5J)+A~-AA
AZ(ILyJd)=AMOD(ATEMP,TWEPT)
CONTINUE
RETURN

E VI,

[

INITIALTZATION

ENTRY STBINT

READ 50,RMAX9PMAX)RPER,PPER
FORMAY (4F8.2)

PRINT S55,RMAX, PMAX,RPERyPPER
FURMAT (1HO, " ROLL AND PITCH “44F8,2)
RMAX=RMAX /JRADIAN
PMAX=PMAX/RADIAN
RFAC=TWOPI/RPER

PFAC=TWOP I/PPER

CALL VRANF(PHASE,2)
PHASE(1)=TWOPI*PHASE(1)
PHASE(2)=TWIPI*PHASE(2)
RETURN

END
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SUBROUTINE VRCLT2

COMMON NSCANGNEXTyNUMTGT9TyILOTH»ENDTIM 4 SMODE(30,20)
sPI,PIGVR2 ,TWOPI,RADIAN, TAU(C30)sDSTAR,DWL(30)
s XYZI(20 94 )9 XYZF(2094)9 TRGPOS(2057)5sSICJANC20)

sSIGTAR(20,3)9FHV(20),SIGMAH,ISWITy TEMP R

sSHIP(9)4RC(30),RMODE(30,512), IMIDE(30,2)

COMMON /VCINZ NREGyFN(5)3RS(5I9RF(5)3THS(5)s THF (5)4ELS(5)ELF(5),

1 ISET

COMMGN /VCLT/ PI2,RAN(305),FLAM(S)

COMMON ZCLTOUT/ ROUT(201)+AZOUTC201),ELOUT(C201),TOUTC201),

i RLOUTC201)5PTOUT(201)9SOUTC(201)4NC(100)5IC, IV

COMMON /STABIN/ RMAX,PMAXsRFAC,PFAC,PHASE(2)

W N e

Iv=IC

IF (NREG.EQ.0) GY T@ 95

CALL SETVRCISET)

CALL VRANF(RAN,305)

ISET = 2147483647 .%RAN(305)

ISET = 2%(ISET/2) + 1

TIMZB8 IS THE TIME OF THE ZERG BEARING CROSSING
TIMIB=T%3600.

TIMSCN IS THE SCAN TIME OF THE RADAR
TIMSCN=RMGDE(1+5)%3600.

RES IS THE RANGE GATE SIZE

RES=RC(19)

IRAN=0

DO 20 I=1,NREG

IRAN=IRAN+1

IFf C(IRAN.GT.302) G9 TH 30

A = THSCIJ-FLAM{ID*ALOGCRANCIRAN))

IF (A.GT.THF(ID) GO T8 20

IV=IV+1

AZOUT(IV)=A

K=(RS(I) + (RFCI)-RSCII)I*RAN(CIRAN+1))/RES
RAUTCIV)=(K+0.5)*RES

ELBUTCIVI=0.0
TIUTCIV)=TIMZB+TIMSCN*A/TWOPI
RLOBUTCIVI=RMAX*SINCTOUTCIVI*RFAC+PHASE(1))
PTOUTC(IV)=PHAX*SINC(TCUTCIVI*PFAC+PHASE(2))
SOUT(IV)=33.33

IRAN=TRAN+3

IF (IRAN.GT.302) GO T3 30
A=A-FLAMCI)*ALOG(RAN(IRAND)

69 T9 15

CINTINUE

RETURN

INTTIALIZATION

ENTRY VCINIT
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0038 READ 50, ISET4NREG

0039 S0 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, ISETsNREG

0041 55 FORMAY (1HO0,“ VARIABLE CLUTTER ~»218)

0042 IF (NREG.EQ.0) GO T4 95

0043 I[F (NREG«GT«5) NREG=5

0044 D9 5 I=1sNREG

0045 READ 515sFNCI)9RSCIDSRF(ID 9 THSCID s THF(I)

0046 51 FORMAT (7F8.2)
C
C FN IS THE AVERAGF NUMBER OF CLUTTER PUINT PER REGION
C RS IS THE INITIAL RANGS 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 563FNCI)9RSCIDsRFCIDSTHSCI)s THFC(TI)

0048 56 FORMAT (25X,7F9.3)

0049 RS(I)=RS(I)/6.0802

0050 RFCI)=RF(I)/6.0802

0051 THSCI)=THS(I)/RADIAN

0052 THF (I)=THF(I)/RADIAN

0053 S CONTINUE

0054 DO 10 I=1,NREG

0055 10 FLAMCID)=CTHFCID-THSCIDI/FN(CI)

0056 95 RETURN

0057 END
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Appendix C
PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET3D

OROGRAM SURDET
THIS 18 THE SURDETID EXECUTIVE ROUTINE

cecececcecercececececcecerccecccecceecececeeccceeccececceeceecceceecececee

DESCRIPTION OF DATA CARDS
nNaTa CARD NW,

DEYAILED AUTPUT COMTROL INTEGER (IS5 FORMAT)
N = NA AUTPUT T BE PRINTED
1 = DETECTIAN BUTPUT TO BE PRINTED
2 3 DETAILED BUTPLT TO BE PRINTED

DATA CARD NOY, 2

TITLE CARD e« RUN INDENTIFICATION (I4,19A4 FARMAT)
1 RADAR Ip NUMRER FOR TARGET DETECTION AUTPUT FILES
2«20 ALPHANUMERIC NESCRIPTIVE TITLE

DATA CARD MM, 3

SHIP (RADAR) PASITION (UF&,2 FORMAT)
1=3 PFPSITION COORDINATES (X,Y,2) IN KFT
4 SHIP HEADING IN DEGREES

DATA CARD NO, 4

11 BASIC QADAR PARAMETERS (9FB,2,12,F6,2 FORMAT)
1 RADAR FRFGUENCY IN MHZ
2 ANTEMNNA PATTERN FUNCTIOBN INDICATAR
U s PENCIL BEAM
1 = COSECAMT SOUARE REAM
RECEIVER NOISE IN DR
HARTIZGNTAL 3IDR REAMWIDTH IN DEGREES
VERTICAL 3DB REAMWIDTH 1IN DEGREES
OMEewWAY ANTENNA GAIN IN DR
ANEewAY SIDFLMBE LEVEL IN DB DOWN
RECEIVER LOSS I~ DR
TPANSMITTER %8S IN DR
NIIMRER aF SCanN MODES
LINEAR pOLARIZATIAN IN DEGREES

-2 0 XN NE N

-
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0 = HORIZONTAL
90 = VERTICAL

DATA CARDS NO, § AND & (ONE SET FAR EACH RADAR SCAN MADE)

15 PARAMETERS FOR EACH SCAN MADE (10F8,2/5F8,2 FORMAT)

O DNCNE N

10
11
12

13
14

15

+

LOWER RAUNDARY ELEVATIAN ANGLE COVERAGE IN DEGREFS

{UPPER BOUNDARY FLFVATIAN ANGLF COVERAGE IN DEGREFS

PEAK POWER IN Mw

PULSE LENGTH IN MICRAOSECANDS

INTERLOGK PERION IN SECANDS

SCAN OFFSETY IN SECONDS

INSTRUMENTED RANGE IN NMI

MODE DEPENDENT (0SS IN DR

NUMRER AF PULSES INTEGRATED

COMPRESSFD PULSE LENGTH IN MICROSECONDS

SEA CLUTTER IMPROVEMENT FACTOR IN DB

1.F, BANDWIDTH IN MHZ, IF 0, BANDWIDTHW WILL BE SET
AT 1,0/(COMPRESSED PULSE LENGTH)

MADE DEPENDENT FREQUENCY INCREMENT IN MKHZ

BLANKING TIME IN MICROSECANDS, IF 0, SET AT
PULSE LENGTH

RAIN CLUTTER IMPROVEMENT FACYAR IN DB

DATA CARD NGO, 7

7 PARAMEYERS FAR MAVING WINDOW DETECTOR (7F8,2 FORMATY)

AW -

NA, BF REFERENCF CELLS ON EACH SIDE NF TARGET CFLL
CLUTTER CORRELATIAN COEFFICIENT
NB, OF STANDARD DEVIATIONS USED IMN THRESHALD
AZIMUTH AFFSET BETWEEN BEAM POSITIONS IN DEGREES
VIDES TyPE INDICATOR
0 = LTINEAR VIDEN
1 =5 LOG VIDES
NR, AF REFERENCE CELLS USED FOR THRESHOLD
0 » ALL CELLS USED
<0 = SMALLFR HALF USED
>0 = LARGER HALF USED
PARAMETERS USED TH CALCULATE THRESHALD
1 = MEAN USED
2 = MEAN AND VARIANCE USED

DATA CARD NO®, B

NUMBER OF TARGETS AND JAMMERS (215 FORMAT)

1

NO, OF TARGETS
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2 N%, OF JAMMERS

NATA CARDS MA, 9 ANp 10 (ANE SET FMR EACH TARGET AMD JAMMER)

CARD 9 {3 TARGET PARAMETERS (12F6.,2,13 FORMAT)
TARGET TRAJECTORY SHSULD NAT CROSS 0 DEGREES TN AZIMUTH
t=4 INJTTAL CMARDINATES (X,Y,Z,T) IN KFT AND SFECANDS
SeB TERMINA| COPRDINATES (X,Y.Z.T) IN KFT AND SFCONDS

Quiy RADAR REFLECTIVE AREAS FAR HEAD=ON,
HRAAD=SIDE, AND MINTMUM IN §G, METERS
12 JAMMING PAWER DNENSTITY M w/MHZ
13 MARCUM SWERL ING CROSS SECTIANN MODEL

CARD 10 TARGET PROFILF PARAMETERS (1d,7F6,2 FORMAT)
1 TARGET PROFILE TYPE
0 = STRAIGHT LINE TRAJECTORY
1 3 2=4 ALTITUPE LEGS
2 = GeMANEUVER aT CONSTANT ALTITUDE
REMAINING PRAFILE PARAMETERS RY TARGET TYPF
. IF TARGET TYyPE & ©
2=8 IGNARED
IF TARGEY TyPE =z 1|
s MO, OF ALTITUDE NANES
FIRST ALTITUDE NODE IN KFT
TIME §F ARRIVAL AT FIRSY NODE IM SEC
SECONN ALTITUDE NODE IN KFT
TIME aF ARRIVAL AT SECAND NODE IN SFC
THIRD ALTITUDE -NADE TN KFT
TIME nF ARRIVAL AT THIRD NODE IN SEC
IF TARGET TYPE = 2
2 3 TARGET SPEED IN KFT/SEC
3 = INITIaAL WEADING IN DEGREES
4 3 TIME MANEUVER BFGINS IN SEC
§ z TARGEY MANEUVER RADIAL ACCELERATION IM G'S

.D\l?‘d\ﬁw"\l
" U un

NATA CARD N&_ 1t

4 ENVIRONMENTAL PARAMETERS (UFB.,2 FRRMAT)
f WIND SPEFD 1IN KNOTS
2 HEIGHT QF WIND SPFED MEASUREMENT M KFT
3 MULTIPATH INDICATOR
1 g MULTIPATH
0 ¢ NOUMULTIPATH
4 RAINFALL RATE IN MM/HR
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DATA CAPD NA, 12

Q FIXED CLUTTER PARAMETERS  (21R,7F8,2 FRRMAT)

1

TN

p

INITIALIZATION FOR RANDCM NUMRER GENERATAR FAR
GENERATIAN OF FIXED CLUTTFR POINTS

NGO, OF FIXED CLUTTER POINTS

PRPABARTLTTY THAT CLUTTER PATNT IS NETECTEC
INITIAL RANGE OF CLUTTER ARFA N KFT

FINAL RANGE OF CLUTTER AREA TN KFT

STYANDARD NEVIATIAN AF RANGE MEASUMEMENT

AS & PERCENTAGE OF RANGE RFSOLUTI®N CFLL SIZE
INITIAL AZIMUTH OF CLUTTER AREA TN DEGRFES
FINAL 42IMUTH NF CLUTTER AREA IN DEGRFES
STANDARD DEVIATION AF AZIMUTH MEASURE“ENT

AS & PERCENTAGE OF HARIZANTAL 308 BEAMWIDTH

DATA CARD NO, 13

2 BASIC VARTARLE CLUTTER PARAMETERS (218 FARMAT)

1

2

TRNITIALTZATIAN FOR RANDOM NUMBER GEMFRATHR FAR
GEMERATYIAN SF VARTARLE CLUTTER PAINTS
N®, BF CLUTTFR REGIMNS

DATA CARD NB, {4 (ONE CARD FOR EACH CLUTTER REGTAN)

7 PARAMETERS FAR EACH CLUTTER REGION (7FB,2 FORMAT)

I

N> AN wmN

AVFRAGE NUMBFR AF CLUTTER PAINTS IN RFGINN
INITIAL RANGE OF CLUTTER AREA IN KFT

FIMAL RANGE OF CLUTTER AREA IN KFT

INITIAL AZTMUTH OF CLUTTER AREA IN DEGRFES
FINAL AZIMUTH OF CLUTTER ARFA IN DEGREES
INTTIAL FLEVATIAN O8F CLUTTER AREA TN NPEGREES
FINAL ELFVATIAN OF CLUTTER AREA IN DEGREFS

DaTa CARD NA, 1S

4 ROLL AND PITCH PARAMETERS  (UF8,2)

1
2
3
4

MAXIMUM RAL{ ANGLF IN DEGREES
MAXIMUM PITCH AMNGLE IN DEGRFES
ROLL PERIND IN SECHNOS
PITCH PERIBD IN SFCANDS

DATA CARL NR, 14
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noo2

onny

o0y
6008
0006
1007

0008
co09

0e1o
cott

no1e
no13
anty
nn1s
DUSR ]
auy7
gnNiR
0019
6020
noat

NRL REPORT 8228

TIME PARAMETER (F8,2)
GAME TIME (IN SFC) BY WMICH RADAR IS T8 BEGIN SCANS

DATA CARD MO, 17

RECYCLE CONTROL PARAMETEPR (18 FORMAT)
1 & NEW SHIP IN WHICH CASE
THE NEXT DATA CARL 1§ no, 1
NEW TARGETS
NEW EMVIRAMENT
RUN COMPLETFD

£ N
nna

cecececcceercececeeacencecceccceccececcececeecnaceceeenceecececececrecccesec

COMMAN NSCAN,NEXT ,NUMTGY,T,0LDT,ENDTIM ,SMADE(30,20)
¢PT,PIOVR2 ,TwART,RADTAN,TAU(30),NSTAR,DWL (30)
W XYZT(20,4),XYZF(20,4),TRGPAOS(20,7),51GJAM(20)
¢+ SIGTARC20,3),FHV(2U),SIGMAH,ISWIT,TEMPKR
$SHIP(9),PC(30),RMADE(30,12), IMADE(30,2)
CHMMﬂw/ﬂ/ ENVIQ(lP),SURC(SO) RE,CNM,CCM,ACON,BETS,
DATP(20),PALRZ, TKEYF, XKTOMS, XNMTAM, TARCS, WVl ,FOPTGR,FAPTSG
cavvﬂw/n/ ALpHAD s$16Z, v.nnx,ARz.SIrc 816
CHMMHN/H/FACU,AMBN,XJAMN,IKEVJG,XXXXX
CAMMMN/T/ PRBS,HNFK, THETRK ,DRADAAN, THH, THV,GN
CAMMAN/TM/NTARG ,NJ&M, SPEED(20) ,HFADT (20),HEADF (201, T*ANT(20),
t TMANF (20, XMANT (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)
CAMMAN/TS/ISTAT(20),TSCAN(20,30)
CCAMMAN JCLTRUT/ PAUT(201),A2R°UT(201),FLAUT(201),TAUT(2¢1),
1 RLOUT(201),PTAUT(201),8MUT(2N01),NC(100),1C,1V
CRMMEN /BET/ NDET(20),MER(20) ;RANGF C20,3Y,A2(20,6),5MDET(20,3),

B b -

1 ELFV(20,3),TIMEC(20) )
ChMmMAl /DET3/ NDET3(20,30),MERI(20),KANGES(20,9,30),423(20,9,13¢),
1 SNDET3(20,9,30) e TIMEY(20),IKEY(20)

COVMEN /8STAR/ RALL(20),PTTCH(20)
DIMENSION ITITLE(20)

DIMERSTAN RUFA(R,IN0),RUF (10)
DIMFNSTAN BUFH(S,20)

INTEGER AMNSYH

CALL RESTOP

IfUT = 10 )

CAtVEL, Jd29UuRr10

FESR392375,04

CNMES161RRY S474
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oerp2
¢n23
0024
0028
UEYS
0027
0028
6029
0030
(R D)
nele
y033l
noly
091§
1036
w037
0038

£039
nouon

0041

onue
004y
cuds
004s

06046
onaz
nnaf

o0u9

(AR ¢]
onsq

0Ns2
nnsl

wesa
ungs
nnge

[aNe]

(g Na)

s N Nel

5
300
S0

10
11

59

590

18

DAVIS AND TRUNK

CCH=EIQ0000N0600,
RETA =,718565%021
ACONE ,607701593
¥ykTA»S x 5144444804
XNMTEM 21852,
FRPTISN =2157,9136706
FAFINR =19R4, 1401711
MFR = 0

RFAD 52,AMS1
FRRIMAT(1615)

READ SO00,ITITLE
FARMAT(TU,1984)
PRINT SO01,ITITLE
FREMAT({HT,T4,5%,1944)
CALL IMITAL

CALL TAKGETY

Call ENVIRN

INTTIALIZE CLUTTER FOR TRACKING
CALL FCINTY
CALL VCINIT

INJTIALIZE ROLL aND PITCH
CalL STRINT

READ IN TIME By wWHICH ADARP MUST BF INITIALIZED
REAN 59, RINIT

FORMAT(FR,2)

PRINT S90, RINIT

FARMAT(1HO, V" GAME INITIALIZATION BY ',F8,2)

ADD SCAN OFFSET (FROAM MBDE 1) T9 MAX RADAR INITIALIZATIAMN TIMF
RINIT & RINIT/3600, + RMODE(1,6) ;
IsC=n
IKEYFZO
DETERMINE TIMES FACH TARGET COMES ~ITHIM INSTRUMENTED RANGF
BF FACH RADAR MADE .
CatL maTCH

DETERMINE INITIAL AND FINAL GAME TIMES

T = RMRDE(1,9)

ENDTI™ = XYZF(1,4)

SET TARGETS TINITTALLY TR OVEReTHFE=-HARIZAN
TRGPAS(1,4) = =1,

IF(NSCAMN LT, 2) G TP 37

NETERMINE TNTTIAL TIMF FRGM MATCH

nM 418 J = 2,NSCAM

IF(RMONE(J,9) LT, T) 1 = RMRGE(J,®)
CANTINUFE
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0087 17 TF(NTARG LLT, 2) GP 7O 19
C DETERMINE EMN GAME TIMg
058 NA 18 T g 1,NTAKG
Nn89 TRGPFZ(T,4) & =1,
2960 TFIXYZF(I,4) (6T, ENDTIMY ENNTIV 3 XYZF(I,4)
£hel 18 CBNTINUE
uIse 19 CANTINUF
C SFT INITIAL TIME FROWM MATCH 30 SEC, EAFLIER FAR CLUTTER SAMPLES
ned T x 1 = 3,/7360,
c SET INITTAL GAMF TIME
no64 T = AMINT(T,RINLIT)
phesS TEMP 2 3
N0bb TEMPE = RMADE (1,5)*360yp,
0067 WRITE (TAUYT) TITITLE(1),TEMP,TEMPR
c
00RA IF (ANS1,EQ,0) GB T0 29
069 MUL sENVIR(Y)
"nO70 IF ( MUL (NE. 0 ) PRINT S06
0071 IF € MUL LEG, ¢ Y PRINT 805
0n7e S0k FORMAT(/,! $588F  wWITH MULTIPATH $%3%8',/)
an7y 505 FRRMAT(//,40%,! $568% N MULTIPATH $8$%%8',/)
C
c GENERATE INITTAL AZIMUTH BEAM PASITIAN
neva 20 CALL INITID(NTARG,AZINTT)
0078 1SCaTSC+
c INITIALIZE SCAN PRINT FLAG
G076 IPFLAG = ¢
[« DETERMINE TARGET AND JaAMMER POSITIONS AT SCAN TIME Y
noTT CALL NEWPES
c PERFORM ELEVATION SCAN FAR EACH ACTIVE TARGET
007A N3 7S 1 = 1,NTARG
c CHFCK IF TARGET ACTIVE
no79 IFCISTAT(IY NE, 1) GO TA 7S
00RQ N 70 J 3 1,NSCAN
nogy NEXT = J
c CHECK 1F TARGFT wITHIN DETECTINN RANGE MF THIS MADE
ynRe IF(TSCANCI,J) LGY. T) g® TO 7¢
QuRl TEMP = RMEDE(J,1) = 0,63%RC(S)
Ly TFMP2 = RMEDE(J,2) + 0,63%RC(5)
HNRS IF(TFGPAS(T,6) ,GE, TEMP _AND, TRGPAS(I,ns) LLE.
1 TEMF2 «AND, TRGPAS(1,4) ,LE, RMADE(J,?)
2 LAND, TRGPAS(T,d4) ,GT, SMEDE(J,1)) 6N TH 30
(o TARGEY CANNAT RE DETECTED RY MADE J
V086 6N TR T0
QOR7 30 JF(RC(1) ¢ DWL(NEXT) _NE, OFF) ISWIT =z 0
QURB RFREFC(1ISDWL(NEXT)
0nRY KFRZPC (1) /NFR
onan PC(6)=SGN/RFR»#2
ongy - PC(UI2THHARFR
cng2 RC(S)2THVRRFFP
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0093

Jo9u
n0es
0nN9s
0ne7
HN9R
c099
c100

0401
0102
vted

a104
n10%
N1ue

0107

0108
nto9
ciyn

011
ct12

0113
uylld
0118
01té
n117
0118
0119
¢120
c121
viee
0123
0124
0125

at2e
0127
128
1129
9130
¢131
L1332

(e Na]

507

3s

1
2
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PRARS = RMADE(NEXT,1) + RC(S5)/2,

CAMPARE TARGET ELEVATIAN ANGLE TS ELEVATIAN BEAM CENTEP
IF(ABRS(PRRS = TRCPOS(I,6)) ,GE, PC(S)) G TO 70
AlLPHAD = ¢
SIGC =2 0
SIG 0
AR ¢
AR2 o
vV =
CHECK FAR PRINT
IF(aNSY LEQ, 0) GB TO 35
IF( IPFLAG NE, ¢) GO 10 35S
IPFLAG = |
PRINT SCAN NUMRER
PPINT 807,18C
FOARMAT (//7/7/7,430X,"'+¢4444¢+ SCAN NUMBER 3 ',I4,' +¢eeéee!,/)
IF( ANSI,NE,2 ) Gf T8 135
PRINT HEBADING
PRINT 40
CAMPUTE SIGNA{ ENERGY AND NOISE AND CLUTTER ENERGIES FAR TARGET I
CALL STIGNAL(I,RC(11),Rc(12))
CALL MOEISECI,RC(13),RC(c14))
TCRSS = TARCS ,
DETERMINE TAPGET DETECTIRNS IN MADE J
NREF = RC(15)
CALL DET3ID(RC(12),PC(13),PC(14),IMODE(J,1),RC(16),RPC(17),MREF,
RCC19),1,NTaARG,RC(U4),J,AZINIT,RC(18),PC(2¢),RC(21),
. RC(22),SNTRYE)
IF (ANS1,NE,2) GO TO 65
RHUDEGRTRGPOS(I,S)*RADTIAN
AVDEG ® TRGPAS(I,6)%RANTAN
DRE=CONVRALAG(RC(12))
DRANZCONV*ALAG(RC(14))
SNEDRE=NPN
TRGP & TRGPOS(I,u)*xb,0R02
AMENDB = COANV&ALAG(AMAX!(AMBN,1,0E=74))
XJAMPE = CONVHALOG(AMAXT(XJAMN, 1 O0E=T4))
SCDR = CONVHALAG(AMAXYI(SIGC,] ,0E~74))
SFaCURCANVAALOG(AMAXI(PACH, ] ,0E=T4))
SNTRUE = 10,+#ALBGIO(SNTRUE)
PPINT 50,1,J,TIMF3(1),TRGP,RHDEG,RVDEG,TCRSS,SFACU,DRE ,AMBNDH
sSCPR,XJAMDR,SN,SNTRUE ,MFR3I(I)
KNUMENDETI(T,J)
IF (KNUM,EQ,0) GO T& &5
L& 61 Kol ,XNUM
RRRRERANGEI(T,K,J)x6,0802
AAAASAZ3(],K,J)I«RADIAN
SSSSESHOETI(I, K, )
SS8S ® 20,*ALNGIC(SSSS)

o]
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b
ey
oo
¢133 PRINT 55,FRRF,8444,558§ -
0134 85 FORMAT(SX, "*PFTECTIMN®Y ,UX,F12,2,F10,2,19X,F10,0) o
n1135 &1 CAMTIRUE -
0136 65  CONTINIFE s
0137 70 CONTILUE ’ -
0138 78 CANTINUF ) -
c
o MERGF RETECTIONS
¢139 CALL MRDTID(RC(19),NTARG,RC(4),RC(S))
C
c CALCULATE RALL AND PITeHM
niuao call STaR3
C CLUTTES AUTPUT FAMP TRARKING
14y CALL FXCLT3 ~
ctap CALL VRCLTZ
o
C . NEW AUTPUT
otas RUF (1) = ISC
vldd RUF (2) = T*3nb0,
n1us RUF(3) s 1V
(KT DE 200 T = 1,NTARG
t1a7 BUF(3) = BUF(3)+NDET(])
014R 200 CANTINUE
G149 RIF(4) = 3000+ ITITLEC(Y)
V150 BUF(S) = SHIP(S)
01581 RUF (6) = NTARG
01582 WRITE (I68UT) (RUF(IY,I=1,8)
31873 IF(AMSY,EG,0) GN TR 225
154 IF(RUF(3) ,EG, 0) G Ts 220
015S PRINT S&, (RUF(1),7=21,4)
n1%6 Sp FORMAT(IWO/Y  SCAN NUMRERRY,FS,0,! TIME=z"',Fo,2," tfA, DETECTI
1rMSg! ,F5,0,! RANAR 1DS',Fe,0,! HEADING=S! ,F7,2," N, TARGF
2182t ,FU,0/)
V187 S7 FARMAT(' DETECTI®M NUm ',F5 0,7F10,4)
n1GA PRIMNT Sk
c159 SR OFARMAT (18X, PIDY, 6%, 'RANGE ' ,BX, YAZ2IM " ,6X,'ELEV 6%, 'TIME ', 6X,'EEIG’
LybX, YRELLY,8X,'PITCHY)
C160 220 CAUTTRUE
c161 ICnT =2 0
162 N 250 1 8 1,NTAKG
163 EUFR(1,T1) = I
0164 BUFR(2,1) = TRGPRS(T,4)y
01eS RUFR(3Z,T7) = TRGPES(I,%)
Clhe RUFR(4,1) = TRAPEBS(I,6)
0167 BUFR(5,T) = TIMEZ(T])
0168 KCT = ELET(I)
0169 TIF(NCT ,FG,0) GFf TH 250
n170 PR 280 J 3 1,NCT
01714 TCHT = ICKT+Y
172 RUFA(TI,ICNT) = T
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ARE]
174
0179
C176
0177
0178
¢179
C1R0
n181
0182
01R3
Nt1Rd
c1AS
0186
CiR?

0128
189
g1on

019y

ct192
193
0194
01985
G196
0187
n198
0199
naon
0201
veoe
c203
0204
0205
0206
€207
0208
€209

0210
ne1t
0212

ne1y
0214
218
0216
0217

240
50

260
270

275

2717

280

290

ao

110
301
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RUFAC2,1CHT) = RANMGF(I,J)
BUFA(3,ICNT) & A2(1,J)
BUFA(U,TCNTY & ELEVII,D)
PUFACS,TCNT) & TIME(T)

RIJFA(6,1ICNT) = SMDET(I,J)
RUFA(6,ICHhTIZ20,=AL NG (RUFA(S,ICNT))
BUFA(T,ICAT) = RELLC(D)
BUFA(R, TCKT) & PITCH(I)Y
CANTINUF

CONTINUF

TFCIV,EQ,0) GN T& 270

ne 26C I ® 1,1V

ICNT 8 ICNT#]
RUFACL,ICNTY = 200
IF(T,LE,IC)

tRUFA(1,ICNT) 2 100 + Nc(I)
BUFA(2,ICNT) = REUT(I)
RUFA(3,ICNT) = AZAUT(I)
RUFA(4,ICNT) = ELAUT(I)Y
RUFA(S,ICNT) = TOUT(I)

RUFA(6,ICNT) sSaUT(I)

ALIFA(G, ICNTJl?O *s&L 0G10(BUFA(6,ICNT))
BUFA(7,ICNTY & RLEUT(I)
RUFACR,ICNT) = PTAUT(I)

CONTINUE

CANTINUE

Ne 275 J 8 {,NTAFG

WRITE (ICUTY (BUFR(I,J),I3t,%5)
CONTTNUE

TF(ICNTEQ,0) GA TK 299

br 277 J = 1,ICNY

WRITE(IOUT) (RUFAC(INJY,I = 1,8)
CONTINUE

IF(ANS]1,EQ,0) GO TH 280

DA 280 J = 1,1CNTY

PRINT S7,(BUFA(I,J),1 = 1,R)
CANTINUE

CONTINMUF

NEw SCAN

T & T ¢« RMADE(1,5)

IF(T ,GT, ENDTIM) G® T (10
6N 1? 40

CONTINUE

IF (ISTEP,LE,000C) GE& Tm 20
ISTEP=ISTEP=]

COMLTINMNUE

XJaMNzO,

FEAD IN RECYCLE CMNTRB PARAMETER
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r218
0219
0220
032t
c22e

ce23

pe2du
0225

c
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IAAS!1(S“IP),SZ(TAFGET),=3(ENVYPHNVENY).=“(FINISHED)

READ 52,

1ANS

GO TP (S,10,11,160),14ANS

140 COMNTINUE
3¢ COMTINGE

40 FOPMAT (//,7X, YMADEY,u3%, SIGMAY,/, ' TARGET!, 9, 'TIME PANGE !

YobX, tAZTM
2 F/N

SO FAPMAT(IX,2T4,F19,1,F123,2,F10,2,F10,2,FS

1,F7,2,15)

60 FARMAT (10X, TU4/(1%,5CF7,1,F7,5)))

FND

ELEV
MERZY)

FACTOR
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9001

rooe

a003
0004

0008
ononé
0007

noos
0009

0010

netd

nnt2
anty
0014
rO1S
noteée
0017
008
6019
00r0
602t
gnee
npey
o4

s XaNaNel

OO0

(e NaRel
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20

DAVIS AND TRUNK

SURRAUTINE ADJDET (RES,THINA,ELINA,K,NEWIS,KTAR,T,J)

THIS PRUTINE NETFRMINEG WHETHER THF PRESENT DETECTIAM OF THE
KTAR=TH TARGET IN THE J=TH MODE TS ADJACENT T8 THE PREVIOUS DETECTIONS

CAMMAN NSCAN,NEXT ,NUMTGT,T,ALDT,FNDTIM ,SMPDE (30,20)

1 JPI,PINVR2 ,Tweol,RADIAM, TA!I(30),NSTAR, DAL (30)

2 SXYZI(20,8),XYZF(20,4),TRGPOS(20,7),SIGJAY (20)

3 LSTGTAR(20,3),FHV(20),5TGMAH, ISKTT, TEMPKR
,SHIP(9),RC(30),RMBDE(30,12), IMODE(30,2)

COMMEN /MERSET/ DETPAR(100,4)

COMMAN /DET3/ NDET3(20,30),MER3(20),RANGE3(20,9,30),A23(20,9,30),

1 SNDET3(20,9,30) TIME3(20), IKEY(20)

=

RES 1S THF RANGE RESOLyTION CELL SIZE

THIDR 1S THE 3=DR AZIMyTH ANTENNS REAMWIDNTH

EL3DR IS THE FLEVATION 3eNR BEAMWIDTH

K 1S THE PRESENT NUMBER OF ADJACENT DETECTIONS

NEWJJ 18 THE PRESENT MUMBER fF NANADJACENT DETECTIONS
KYSR IS THE INDEX OF TWHE PRESENT TARGETY

I 18 THE INDEX NF THE pRESENT DETECTION

J IS THE IMDEX AF THE pRESENT MODE

ReRANGEI(KTAR,1,J)
8 ® A73(KTAR,I,J)
E £ RMBDE(J,1) + RC(S5)/2.

TEST TF LOCATE ADJACENT DETECTIONS

Do 16 IKel,K
1F (ARS(R«DETPAR(IK,1)),LT,1,2«RES,aND,

1 ARS(A=DETPAR(IK,2)) LT,0,1*TH3IDR,AND,

? ABS(E=NETPAR(IK,3)),LT,0,1xEL3DB) G& TO 20
IF (ABS(R=DETPAR(IK,1)),LT7,0,1#RES,AND,

1 BES(A=DETPAR(IK,2)),LT,1,2+4THIDR,AND,

FJ ABS(E=DETPAR(IK,3)),LT,0,1%EL3NB) GA T8 20
IF (ARS(R=DETPAR(IK,1)),LT,0,1+«RES  AND,

1 ARS(A=DETPARCIK,2)),LT,0,1+TH3INB,AND,
? ABS(E=DETPAR(IK,3)),LT,1,2*EL3DR) GO T9 20
CAONTINUE .

NEwJJIEMEWTT ¢!

RANGE3(KTAR,NEWJ]J,J)8R
A2I(KTAR,NEWIJ,J)ZA

SNPET3(KTAR,NEwIJ, J)SSNDETI(KTAR,T,J)

RE T1JRN

KEKel

DETPAR(K,!)sk

DETPAR(K,?)=s

DETPAR (k,3)8E

NETPAP (K, N)BSNDETI(KTAR,1,J)

RE THRN

FND
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NRL REPORT 8228

noot SURPOUTINE NETIN (§,C,FN,NINR,CIR,FSIG,NREF,RES,NTAFR,N, THIDR,
1 MADE ,AZTINTY ,AZRRP, X AG, THRSK,PARM, SHTRUE)

THIS PHUTINE PFRFORMS YHF DETECTION CALCULATION FAR THF NTAR TARGET
AND FOP A SPECIFIED ELEVATIAON MADE, THE CALCULATIAON IS PERFARMED
IN THE BADJACENT RANGE AND AZIMUTH REAMS, THE JamMING AND CLUTTER
AKE ASSUMED TR REMAIN EFONSTANT, THE TARGEY POWFR CHAMGES wITH THE
ANTENNA PASITIRN,

OO0 N

uno2 cavmunn /DET3/ MDET3(20,39),MER3I(20),RANGE3(20,9,30),823(20,9,30),
1 SNDET3(20,9,30) . fTIMEZ(20),IKEY (20)
noo3d COMMYUN NSCAN,NEXT,NUMTGT, T, L DT, ENNTIM ,SMADE(30,20)
1 +P1,PINVR? ,TA0P]I,RADIAN,TAU(30),NSTAR,DWL (31)
2 PXYZT(20,8),XYZF(20,4),TRGPAS(20,7),51GJa%(20)
3 ¢SIGTAR(20,3),FHV(2C),SIGMAH, ISWIT, TEMPWR
+SHIP(Q),RC(30),RMADE(30,12),IMODE(30,2)
ynna COAMMON /MDY MODEL (20)
naos craMManN /FLUCY FLUCT(32,20)
0008 DIMENSI®N SNREF(20),INF(20)
0007 DTMENSIAN X(32,25),55(32,25),5UM(25),15(25),R(12F),D(14)

3

S IS THE SIGMNAL PAWER

C 18 THE CLUTTER PAWER

FN IS THE NOISE POWER

NINB IS THE NUMRER OF PULSES BFETWEEN THE 3eNR ANTENNA POINTS

C4R TS THE CORRELATIAN CAEFFICTENT OF CLUTTER

FSIG NUMRER MF STANDARp NDEVIATINMNS USED IM CALCULATIPN AF THE TR

NREF IS THE NUMAFR OF REFERENCE CELLS AN EACH SIDE

RFS IS THE RANGE RESOLYUTIAN CELL SIZE

NTAR IS THE TARGET MF INTERESTY

N I8 THE NUMBER NF TARGETS

THIDR I8 THE ANTENNA 3.NE REAMWIDTH

MADE 1S5 THE INNEX AF THE ACTIVE RADAR MODE(I,E, BEAM PASITINM)

‘AZINIT 1S THE IMITIAL QEAM PASITINN FOR THIS SCaN

AZHBP I8 THE AZIMITH OfF SET HETWEEN AZIMUTH REAM PASITIANS

XL.NG DENRTES wHETHER LINEAR(XLAG20,0) AR LAG(XLOG=z1,0) VIDEA 15 USED

THRSH NENATES WHETHER aAlLL THE RPEFERENCE RELLS(THRSH=(,0) , THE

SMALLFK HALF(THRgHCN), B8R THE LARGER HALF(THRSH>0) SHAULD RE USED

PARM RENNTES WHETHER TWE MEAN AND VARIANCE (PARM=22,) MR JUST THE

MEAN(PARMz1,) SHAULD RE USED TM CALCULATE THE THRESHALD

AMOONOAOO0OOAAAOONO0O000OS0

sxweras NPTE, DETECTION TIME 1S SET EQUAL TA T aiasndshepinhanws

0008 1F (N30R,LE, 32,8ND_NREF,LE,10) Gf TN 3

0009 PRINT &0

0010 Sy FARMAT (1H{,' EITHER N3DB AR NREF ARE TA& | APGE!)

ULAR STAP

ont2 3 IF (ABS(CORI,LT,1,0) Ga TH 4

013 PRINT 5§19

nutd 61  FORMAT (1H1,' CAPRELATIAN COEFFICIENT 18 GRFATER AR FQUAL T& 1)
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DAVIS AND TRUNK

9018 sTap
0016 4 CONTTINUE
C
C TEST T SEF IF THFPE Tg ANY CHANCE OAF A TARGET DETECTIAN
C
2017 99 FRRMAT(IHO,2X, 'DET!,15,3E15,8)
0018 SMINT2NIPHRS/(CHFN)
N019 IF (SMINT,GY,2) GN TO g
6020 NDETI(NTAR,MONE)ED
0021 SNTRUE = 10,0+ (e0,9)
ongp RETURN
cozl S SNREF(1)s$
o024 INF(1)aNTAR
0028 NREF2E2 4NFEF
NNk CALL RESOL(NREF,RES,NTAR,SNREF,INF,NI,THIDR,N)
0027 S FARMAT (1HO,!' TARGETS aARE',10IS)
Gneg KAZz(TRGPOS(NTAR,S) «AZINIT)/AZBRP+,S
0HN29 11=x0
[«
c DO L®OF FAR THE THREE a2IMUTH REAM PNSITIONS
[
cn30 Tazzn-
LR D] 265 IAZ=1AZ+1%
0032 AZIMZAZRRP R (KAZ4TAZ=2)4A2INIT
nd33% KPSsTRGPAS(NTAR,4)/RES
Jo3u RSZRES*KRSe13 aRES
C
o AR E XX AL A A AR A A A AR P R A L R R A R R R R A Y E R L R R R PR I R SR R RS 2 )
C
[ GENFRATIAMN RAF SIGNAL VALUES
[«
C R A R R Ny S e  rd T T
c .
n013s NS=1
anie NFaNIDR
0037y NRSz1Z=MREF =2
[ Y] NRF213+MREF 42
009 ne 7 IsMRS,MNRF =
0nug 1s(1)=0
neay ne 7 JEMS,NF
nouap 7 S850J,1)=0,.
noual IMERGERO
aoul DR 40 kzt,NT
Goes RRaTRGPOS(INF(K),4)
u0ue KRz (RRwRS)/RES
0ou7 IF (%, EQ,1,0FR KR, GT, 16 AR KR, LT,10) GO TA R
nngAa JMERGE=1
C
c FLUCTUATIMNG STIGNAL
C
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NRL REPORT 8228

nous B NSWasMAREL (INF(K))
Nnogo IF (NSW,GT,0) G& TC& 19
0081 FL=1,0
0082 9 DM ) JEN§,NF
nneld 10 FLUCT(S,X)sFL
cosd GO T9 1T
0n08% 1t 68 T (12,13,15,16),N8u
0056 12 1F (IKEY(NTAR),GT,0) Gs T? 174
00587 CALL VRANF({R,1)
RLY. FIL s=AL8G(R(1))
L] Ge te 9
0080 13 MgNF+1=N§
0961 CALL VRANF(R,M)
vo62 KKEQ
noed ne ta JeNS,NF
006H KKZKK 4]
0065 14 FLUCT(J,X)sea| AG(R(KK))
0066 GO T 1T
voe? 15 1F (IKEY(NTAR),GT,0) Ga TA 171
nne8 CALL VRANF(R,2)
n069 Flee,S*(ALOG(R(1))*ALEG(R(2)))
novTo GO T 9
noTt 16 MzMNF+1eNS
0nye M2g2aM
0073 CALL VRANF(R,M2)
0074 Kkz)
0078 DN 17 JsN§,NF
3076 KKsKK4
noy? 17 FLUCTCJ,K)I®  (ALAG(R(KK))+ALAG(R(KK4M)))Iw(=,5)
1078 171 CONTINUE
0979 §12 FMRMAT (1hR0,' MERGING PRORLE» (K,KR,IMERGE) = ',3110)
00RAQ ne 35 Ix1,3 -
aongt KTeEKR+l=2
poe2 IF (KT, LT, NR§,OR KT, GT _NRF) GAP T8 35
npesl I1S(KT)21
c .
C MADULATIAN OF STN(X)/X PULSE SHAPE
o
0ORY RTEMF g KTxRES+RES/2,+4RS
00RS FDTFz2,7832%(RR=RTEMP) /RES
NNRe Fzi,
0087 IF (FDIF,EG,0) G® T® 14
G083 FaSIN(FDIF)/FNIF
D0R9 18 FeFaF
uyan SMeFaSNREF( K Y/ (C+FNY
069t o3 FBEMAT (1HD,' KT,RS,RTEMP,RR,FNIF,F,8M = ',I5,6F12.4)
992 AAZTRGPAS CINF(K),S)
C
c MADULATIN. OF SIN(X)/X ANTENNA PATTERM
[
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N9l
0noQy
0n0oes
gnae
n0a7
oN9R
2099

0100
not
0102
0103
0104
nt0%
noe
0107
c1¢8
0109
0110
nt1y
n1t2
06113

0t14
[ARE]
ot1é
LARNZ
u11R

0119
0120

0121
ntz2eg
M2y
0124
1125
ni2é6

a¥aNe]

OO0

Oy

lsEale]

19

20
15
ao

a0
4ns

501
a1

DAVIS AND TRUNK

GDIF=2,7832x(a2 1™ - AA)/THINS

FARMAT (1RO, ' GDTIF,A271+,AA,A2INIT 2 ',4F12,6)
Gst,

IF (GDIFEN,0) GO TN 19

GESIN(GLIF)/GNIF

[ 1 X Y]

DN 20 JENS,NF
Aodax NOTE , TARGETS ARE ADDED NONCAHERENTLY shdaddns

SS(J,XT)=SS(J,KTI+SMAGAFLUCT(J,K)
CANTINUE

CANTINUE

CANTINUE

1F(122 ,NE, P) GM YO 40S

SNTRUE = ¢,

DR 4ee J = N§,NF

SNTRUE =2 SNTRUE + SS(J,13)/N3DP
COMTINUFE

DM 41 IstRS,NRF

IF (IS(I),EQ,0) GO YA 41

FORMAT ((1HO,"' T,NS,NF = !',315,25(/,10F12,4))
CANTINUE

IKEY(NTAP) =1

R R A T R R R e R R
GENERATION AF NATSE SAMPLES
L Y R R e Ry

MzNF4+1=NS

M2z2#M

M3z ZeM

MUgldaM

IF (NIDRC SGT.FN) 68 T2 100

CLUTTER I8 NAT & FACTOBR

NPB 9) T1aNRS,NRF
IF (IS(I).EQ,1) GR Y& 75

NG SIGMAL PRESENT IN TW1S CELL

CALL VRANF(R,M)

Kz

DN 61 JTNSNF

KSk4i .
X€J,13=50RT (=2, #ALOG(R(K)))
CANTINUE
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DARE)

P26
n129
2130
134
n132
n133
n13y
n13s
136
137

0138
1139
01490
n141
ntap
atay
clau
3148
N1us
nta7
a1uR
0149
0189
n181
nt{se
1153
9154
LARL
n1Se

©$1s7
nNi1SRK

n159
0te0

[(RN-R]
Nle?
N6l

aNeNal

OO0

[aNeRal

s Nale)

7%

Ro
9n

100

120
180

2790

NRL REPORT 8228

GN TA 90
SIGNAL PRESENT TIx THIS CELL,

CALL VPANF (R,M2)

Ket

DA By Jan§,NF

KZK ¢

ARSURT (=Z 4 #ALAG(R(K)))

BRTWAPT &R (K ¢¥)

X(J,1)=SART((A2CAS(RI+QORT(SS(JIrI)Iw) U14)x#2+ (AXSTM(R))x%2)
CANTINUE
CAMTINUE
& TA 2400

CLUTTER TS A FACTER

ARLNDX2SOQRT(C/(CeFN))

CC=AnLDX

FENKSHRTLFN/{C+FN))

P=SQRT (1 ,=CAR¥CHR)

KM 180 I2NRS,NRF

CALL VRANF(E,2)

An{NY=z CORSTN(TWAPT#R (1)) *SART (=2, x4 AG(R(2)))

AL Dx=z CCxCAS(THOPL#R(1))480PT (=2  «ALAG(R(2)))

CALL VRANF(R,Mu4)

Ks{

DA 120 JsNS,NF

KeX+ T

4 TSURT (=2, #ALAG(R(K))J%CC

A1ESART (=2, #ALAG(R{KEM)) ) oFFN

R aTWOPTAR(K+M2)

RIs=TNARPT xR (K ¢MT)

ACLDXECARXAALDX 4P 2CAR(R)

AAYLNYSICRFXAALNY 4P #ARSTN(RB)

X(J,TIeSORT((AMLDOXSALI*#CAS(RII+SAPTISS (I, I *1 A1) nn2 &
(AALNY+A1XSTN(B1))%%2)

COMTINIF

CHMTTINNHE

GENERATIAN OF SuM

MESENS+INH=Y
IF (XLAG,LT,0un01) GO T 210

USE LAG VIDE®
£A 205 JsNS,MS

NN 265 T=RS,NRF
X(J,1X=aL86G(x¢I,1))
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niepd
n16%
2166
0167
n168
0169
r170

27171
172
0173
LR R A
0178
nt76
0177
0178
0179
0180
0181

0182
0183
0idd
6185
0186
01R7
01R8
n1Aa9

0190
0191
5192
nt93
0194
0195
n19e
0197
0198
Q199
02oen
neol
0o
0203
n2ond

(s NaNel

OO0

(e NalNel

210
2a1

220

235

210

248

248

2so

DAVIS AND TRUNK

COMTINUE

0N 241 ISNRS,NRF
CANTINUE

Ny 220 1sMRS,NRF
SUM(I)=0,

DB 220 JsNS§,M§
SUMCT)ISSUM(T) ¢X(J,])

GEMERATIAMN AF THME DETECTINN THRESHALDS

ne 250 Jx12,14

ULOws0D,

vuPe0,0

XMS|LAwed, 0

XMSUP=(,0

Do 239 Iwi ,NREF
ULIWEULAWSSUM (Je]w])
UUPBUUP+SUM(JeT¢1)

XMSL AWEXMSLAWESUM(JoTag)ns
XMSUPSXMSUP+SUM(J+I+1) a2
IF (THRSH,NE,0,0) GO Ta 235

USE ALL REFERENCE CELLS

UsULAWSULIP
AMSEXMSLAWSXMSUP

D(JIBU/NREF24FSIGASORT (XMS/NREF2a (II/NREF2)222)

IF (PARM,GT,1,5) 6% T8 250
DCJISFSIG*U/NREF2 :
1F (XL8G,LT,0,0001) GO T 250
D(JYBFSTG+U/NREF2

66 TH 250

USE FITHER MIN(THRSH¢0) AP MAX(THRSH»0)

IF CTHRSH,LT,0.,0,ANDULBW,. LT UUP) 68
IF (THRSH,LT,0,0,aND, UMW, GE,UUP) GO
IF (THRSH,GT,0,0,AND. U AW, LT, UUP) GO
IF (THRSH,G6T,0,0,AND,ULOW,GE,UP) GA
UsULOW

YMSEXMSL Ow

GH Th 24¢

Usuyyr

XMSEYMSHIP

REFERENCE CELLS

240
245
245

' 249

NEJ)&lI/NREF+FSIG#SQRT (XMS/NREF = (U/MRFF) 4#2)

1F (PAPM GT,1,5) 6O Ta 259
D(JIBFSIGAU/NREF

IF (XLPG,LT,2,0001) GO TH 2Sn
DCJI)FSIG*U/NREF

CANTINIIE
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n2ns

n20hk
0207
0208
0209
n210
p21t
0212
0213
0214
n215%
va1é
0217

0218
v219
n220
n221

[s XaNa)

o NaNel

5498

260

2R0
5280

300

NRL REPORT 8228

FARMAT (tHU,10F12,4)
DA LAAP FOR DETECTIAN oF CENTER PULSES

DA 280 212,14

IF (SUMCT) LT, D(I)) GO TA 280
T1=z]1+1

NODETI(NTAR,MODE) =TT :

IF (IMERGE ,EQ,1) MER3I(NTAR)==
RANGEZ(NTAR,TI,“INE)SRg+(I+,5)*RES
423 (NTAR,TT,MANE )SAZIM
SNDET3(NTAR,TI,MADE)SSYM(T)

IF (XLAG,6T,0,0001) SNOETI(NTAR,TT,MADE)sNIDRALXP(SUM(T)/NIDE)

CANTTINUE
FOPMAT(1HA, ' SUM AND THRESHOLD = !',8X,6F12,4)
IF (JAZ,LT,3) GO 7o 28s

CHECK FAR DETECTIANS
IF (JI1.GT 0. BR,MERI(NTAR) EG,=1) G T8 300
IF (IMERGE.ED,1) “ERI(NTAR)Z~2

RETURN
END
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DAVIS AND TRUNK

negd SURRAUTINF FXCLT}
anp2 CIMMAN NSCAN,NEXT , NUMTGT, T,80LDT,ENNTIM ,SMADE(30,20)
1 'PT,PTIOVR2 ,TWOPL,RANDTIAN,TAU(3D),NSTAR,DAL (30}
2 P XYZ1(20,4),XYZF(20,4),TRGPAS(20,7),S1GJAaM(20)
3 'SIGTAR(20,3),FHY(29),SIGM4aH, ISHIT, TEMPWR
4 s SHIP(Q),RC(3V),RMANE(30,12),TMENDE(30,2)
nJ03 CAMMAY /FCIN/ N,PRAB,RS,RF,THS,THF,STIGA,SIGR,ISFT
0304 COMMAN /FCPT/ R(100),A72¢100),RANCUNDY,N2,NS,NU
000S COMMAN /CLTOUT/ RAUT(201),A20UT(201),ELRUT(201),TALT(201),
1 RLOUT(201),PTAUT(201),SMUT(201),NCC100),1IC,1V
nooe COMMON /STARIN/ RMAX,PMAX,HRFAC,PFAC,PHASF(2)
- C
Yooy IC=0
000R IF (N, FG,0) GO TO 1S
o TIMZIR IS THE TIMF OF TwE ZERM REARING CRASSING
0009 TIMZRET=3600,
C TIMSCN 1§ THE SCAN TIMg NF THE RADSR
0030 TIMSCNIRMODE(1,S)*3600,
c RES 1§ THE RANGF GATE §IZE
90141 RESSRC(19)
0012 CALL SETVR(ISET)
0Nty CALL VRANF(RAN,N4)
[ ) ISET & 2147083647 ,xRAN(])
0015 ISET = 2+ (18ET/2) ¢ |
0016 N 20 1=1,N
ooty IF (RAMN(I)GT,PRMA) GO TN 20
nniR ICa1C+1
onte NC(I1C)=1
0020 THESRAM(T«N)*TWOPT
no21 RAYSSQORT (=2, 2ALNG(RAN(CTI4N2)))
Qo2 KE(R(I)+SIGRRRAYXCAS(THII/RES
0023 RBUT(IC)=(K+0 ,5)#RES
gJ24 TAUTCIC)ETIMZB4TIMSCN®AZ(T)/TWNAPT
C
[+ GENERATINN AF RALL AND PITCH
c
002s RLAUTC(ICISRMAXASIN(TOUT(IC)I*RFACHPKRASE(1))
0026 PTOAUT(IC)EPMAX#SIN(TIUT(IC)*PFACHPHASE(2))
0027 CRECAS(RLOIT(IC))
6)2R SRESTIN(RLAUT(ICY)
0029 CPeCAS(PTAUT(IC))
0030 SPeSIN(RTOUT(IC))
oy AAZAZ(]1)=SHIP(S)
nnie ELz0,
0033 TE=z0,
co3d XESINCAAYRCR4(CAS(AA)RSP+TEXCP) *SR
(0358 YSCAS(2A)sCP=TE*SP
0036 ASATANDP(X,Y)4TwAPT
n037 ERAPSIH(CRA(CAS(ELIACOS(AAIXSP+SIN(EL)#CP)=CrS(EL)ASTN(AA)ASR)
C

172



nn3a
nolg
0oup

noaq
oiu2
noay
00U
nous
004de

5047
[
0049

00850
051
nns2

9nsy
0S4
EVAR]

0056
0087

0088
Hn89
0060
0061

(e Xl

s XalaEaEnNalaReRaReRale Nal (o Na Ral [aNeNel

[aXeNe)

20

58

NRL REPORT 8228

GENERATIAN OF MEASURED ANGLES

ATEMPRZASSIGAARAYASIN(TH)
ATZAMBD (ATEMP, TWEPT)
ETSE+(,S+FC(S)nRAN(T¢NY)

CORRECTIAN RF ANGLE MEASUREMENTS WwITH ROLL ANC PITCH

DECRASIM(ETI+SPASIMN(AT)*COS(ET)
XgaSRASIN(ET)+CRASIN(AT)ACAS(ET)
YECP+LNS(ATIXCHRS(ET)Y+SPxD

AMZATAND (X, YI4TWORT4SHIP(5)

AZAUT(IC)EAMOD(AM, TWOPT)
ELAUT(TCISZARSIN(=SPACAG(ATIACOS(ETI+CP2D)

tandrrbkint NEEDR TA GENFRATE AUTPUT POWER 12222 FE 2L
SAUT(IC)=55,5%

CAMNTTINUE

REFYHRN

INTTIAL TZATINN OF THE CLUTTER ROUTINE

ENTRY FCINIT
READ 50, 18ET,N,PRAR,RS,RF,SIGR, THS, THF,§16A
FARMAT (218,7F8,2)

ISET IS TME INITIALIZATION NUMPER FAP THE RANDAM NUMRER GENERATER
N IS TRE NUMRER O8F FIXgD CLUTTER PAINTS
PRAR IS THE PRABABTLITY THMAT THE CLUTTER PAINT IS DPETECTED
RS 18 THE INITIAL RANGE OF THE CLUYTER AREA
RF 1S THE FINAL RANGE aF THE CLUTTER AREA
SIGR IS THE STANDARD DgVIATIAN OF THE RANGE VEASUDEM&VT
AS A PERCENTAGF NF RANGF RESOLUTIAN CELL SIZE
THS 18 THE INITIAL AZIMUTH OF THE CLUTTFR AREA
THF IS THE FINAL AZIMUTH OF THE CLUTTER ARES
SIGA IS VTHE STANDARD DEVIATIAN OF THE AZIMUTH MEASUREMENT
AS A PERCENTAGE OF HARIZONTAL 3IDR BEAMWINTH

PRINY 66,]S8ET,N,PRAR,RS,RF,S5IGR,THS, THF,SIGA
FARMAT (1HO,' FIXED CLUTTER ',218,7F8,3)
Cali SETVR{ISET)

CALCULATINM OF RANGF CgLL DIMErSIAN

RES=TAU(1)+3000%0,/2,

RESERES*3,2RN8/6,0R

RC(19) = RES & RANGE RFSOLUTINM CFLL SIZE
RC(19)2RES

IF (N,EQ,0) GN T4 15

RSBRS/6,0802

RF=RF /6, 0802
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0063
noey
0065
0Nhék
00e7
NOKR
0069
0070
6671
0072
0073
0074
onys
0076
6077

10
1S

DAVIS AND TRUNK

THS=THS/RADT AN

THFsTHF /RADTAN
SIGAESIGA®RC (4}
SIGR=SIGR*RES

IF (N,G6T,100) MNzind
MmN

NTs 3N

Nijzuxh

CALL VFANF(RAN,N?2)

ISET = 2147483647 ,#2RAN(1)
ISET = 2x(ISET/2) + |

DM 10 Tzi,N

R(1Y2RS4+ (RF=RSI#RAN(])
AZ(IYZTHSH (THF=THS)*RAN(I+N)
RETURN

END

174



anQt
nne2
unod

2004

000%
06

0207
nnNaR
¢no9
0no10

0011
unye
04613
sot1d
0n1s
00té
0o17
0DtR
0019
con2¢
no21
0n2e
0Nney
¢n2d
002S
0nesé
0027
LEL
0ne9
n030
0031
ne3e
noszsy
0034
a03s
T
w3y

Q03R

193G
Jitdo

50

S00

$n1

St

NRL REPORT 8228

SURROUTINE INTITAL

DIMENSTBN SMANE(30,2)

COMMAN NSCAN,NEXT ,NUMTGT,T,8LDT,ENPTIM ,SMADE(30,20)

sPI,PIAVR? ,TWAPT,PADTAN,TALCIN),NSTAR,DWL (30)

P XYT1(20,4),XYZF(20,4),TRGPRS€20,7),516J41(20)
1 SIGTAR(20,3),FHV(20),SIGMAN, ISHIT, TEMPWR

¢SHIP(9),RC(30),RMODE(3N,12),IMODF(30,2)

COMMAN/B/ ENVIR(10),SURC(30) ,RE,CNM,CCM,ACON,BETA,

* D@TF(20).PBLRZ,IKEYF,XKTHVS,XNMTGM,TARCS,WVL,FGDTQB,FHP!SD
CAMMEN/T/ PBBS,HNFK,THETEK ,DRDMUN, THH, THY,GN
PC(10)=290,0%1 ,3R%1),0xn(=23)

X ¥ Z SHIP CPAARDINATES

RE&D 50, (SHIP(T),le1,3), SKIP(S)

FARMAT(9FB,2,12,F6,2)

PRINT 500, (SHIP(J),I=1{,3), SHIP(S)

FARMAT(/," SHIF X,Y,Z, CRORDINATES AKE ',3FB,3,8X%,'HEADTNG IS,

1 FR.3)

MILIONMRY ,0E+s
DA 36 I=1,3
SHIP(T)aSHIP(I)/¢&,0802
PI=s3,1415926536
TWAPI=PIx2, 0
PInVRe sPl/2,0
RADTANZS7,29578
SHIP(L)SSART(SHIF())
SHIP(S) 2 SHIP(S)}/RADIAN
READ &0, (RC(I),121,9),NSCAN,POLR?
IF(NSCAN,LE, 30) GO TH 10
NSCaAN = 3 '
CANMTINUE
PRINT S01,(RC{1),121,9),NSCAN,PILRAZ
FARMAT (/' {1 BASIC RADAR PARAMETERS ARF ',9F8,2,14,F6.2)
RC(4)IBRC(U)/RADTAN
RC(5)=PC(5)/RANT AN
THHER{ (4)
THVSRE(5)
RC(6)=10,#x(RC(6)/710,)
GNeRC(6)
RC(3Ist10,+x(RC(3)/10,)
RCL7)ste , xa(=RC(7)/20,)
RC(ARIS10 2k (=RC(8)/10,)
FCEI)=10 %% (=wRC(Q)/10,)
DRDAWN 3 RC(TI*RC(T7)
DY &0 J = 1,NSCAN
RMADE (1,5) IS USED AS RADAR SCA~N PATE FAR ALL “IDES
READ 51, (RMADECT,1),121,B8) ,AVADE(JT,1),FMaDE(],11),8URC (D)

* PRMENECT,12),Dwl (J),54,SM90E(J,2)
FREMAT(1GFB,2)

IMENE(J,1)SAMADE (T, 1)

£y -
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noa1 MPF gPMF
aga PRINT 511,J,(RMOCECI,T),181,8),IMOPE(J,1),RMODE(I,11),SURC(J)
» pRMEADE(J,12),0WL (J),SM,8MODE(J,2)
npul 511 FARMAT(/,' 16 MADE ',12,' PARAMETERS ARF ',BF9,3,1R,/,50%,6F9,3)
on4sd IF (RMADE(J,5),6T,0,0) GA TH S5
anys RMODF (J,5)310,0
AR 55 RMADE (J,1)2RMADE(J,1)/RADIAN
anuy RMADE(J,2)RMADE(J,2) /RADIAN
00uB IF(S%,EQ,0)SMERMODE(J,4)
0049 SMADE(J,1)8150,«8SM/XNMTOM
n0sQ SYMRNE(J,2) B 10, 4% (=SMADE(T,2)/10,)
(V-3 SHHDE(J,3) = PMF
0052 RMHNDE (J,5)8RMENE(],5)/3600,0
6083 RMADE (J,6)ERMADE(J,6)/3600,0
nns4 RMEDE (J,8)2RMADE (J,4) /MILIAN
058 RMADE(J,R)81N x4 (=RMODE(J,R)/10,)
LTS RMANE (J, 3)SRMADE (J,3)#MILTION
nosy TAUCT) = RMHDE(J,11)/MILINN
NNSA IF(RMODE (J,12),LF,0) RMADE(J,12) = 1,0/RMODE(J,11)
$n0%9 RMADE (J,12) s RMADE(J,12)*MILTAN
0060 IMADE (J,2)eMAX1 (RMADE (J, 12)«RMADE(J, 11) /MILION +0,5,1.0)
0net RMODEC(I,11) 2 10, ax(=PuF)
0062 SUAC(J)Y = 10,+*(=SUBC(J)/10,)
6ne3 60 CANTINUE
[
o FEAD IN PARAMETERS FOR MAVING WIMND®W DETECTAR
c RC(15) 3 NREF e N, REFERENCF CELLS €N EACH SIPNE OF TARGFT CELL
4 RC(14) = CMR T CLUTTER CORPELATION COEFFICIENT
4 Pr(17) = FSIG = NN, STANDAPD DEVIATIONS USED TM THRESHOLOD
[# RE(1R) = AZBRP = AZ2IMUTH OFFSET RETWEEN REAM POSITIONS
C PC(19) = RESOBLUTIAN CELL SI2F (CALCULATED)
d RC(20) = XLNG = VIDER TYPE
C ¢ LINEAR VIDED
C 1 LOg VIDER
c RC(21) = THRSH = N0, OF REFERENCE CELLS USED
C o ALl CELLS USED
c < 0 SMALLFR HALF USED
c > 0 LARGER HALF 1JSED
c RC(22) = PARM x PARAMETERS USED TN CALCULATE THRESKALD
C 1 MEAN USED
c 2 MEAN AND VARIANCE USFD
c
Y| READ 7C, (RC(I1),I=15,18), (RC(I),1=29,22)
vues 70 FARMAT(10FE,2)
3177} PRINT 7060, ‘QC(I)11=15,18), (RC(T]:I=2002?)
noeY 700 FARMAT(1HO,! ARNITIONAL RADAR PARAMETERS ARE ',7F9,3/)
c AZIMUTH BFFSET FRAM DEGREES T8 RADIAMNS
n0e8 RC(1R) = RC(1R)/RANTAN
iTY] PETURN
0on7n END
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SHARR®ITINE INTTIC (M, 2ZINIT)

THIS RAUTINE SHAULL BF CALLED AT THE BEGINAING IF FAaCH abD EVERY
S, TT CALCULATES THE INTTTAL RE&4 PRSTTIAN AND ZERAS TuE
FALL "w NG ARRAYSE MER3Z, TKEY, ANR NDETR

camMunn NSCAN,NEXT, NUMTGT, T,BLDT,FNRTIH P SMEDE(30,20)
,PT,PIAVR? ,TAFPT,RANTAN, TAU(3N),NSTAR,NWL (30)
CXY2T(20,4Y,XYZE(20,4),TREPES(20,7),516J41(20)
LSIRTAR(20,3),FHY(20),STGMek, TSWIT, TEHPWR
LSHIP(9) FC(30),FPMANEC30,12),IMEDE(30,2)
Couman JDETS/ NDET3(20,30),MERIC20),RONGE3(20,9,39),423(20,7,303,
' SHMDET3(20,9,30) JTINES (203, TKEY(20)

[V Y R

NO1S THE NUMREP AF TARGETS
AZINTT TS TWE INITTAL REA® PASITIAN FAR THIS SCAd
47FRP 1S THE AZTMUTH OFF SFT RETWEEN 8ZIVUTH HE&™ POSTTIMNS

AZRRP 3 RC(1R)

CALL VPANF(AZIMIT,H)
AZINIT 3z BZINIT#AZBBP
DA 10 T=t.N

MERZ ()=l

IKEY(T)=h

pa 10 Jei,NSCAN
NDET3I(T,J)=0

RETIRN

END
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DAVIS AND TRUNK

SUBRAITINE MRDATIN (RES,N,THICR,ELICR)

CALMAN NSCAN,NEXT KUMTET, T,O0LNT,ENDT M JSMADE (30, 20)
LPT,PIAVHD ,TwWOBT,RADTAN, TAL(T0),NSTAR,DAL(30)
JAYZTIC20,8) ,XY2F(20,08),TRGPES(20,7),51GJAM(21)

.SIGTAQ(ZO,3),FHV(?O),SIGMAH,TSWIT,TEanR

,SHIP(9),RC(30),RMEDE(30,12), 14 NF(30,2)

CAMMAN /MERSET/ NDFTPAR(1CO,4)

COMMAN /DET3/ NDEYS(EO,SO).MFQB(?n)'PANGES(ZU,O,SO),AZ3(20.9.30),

1 SNDET3(21,9,39) STIMEY(20),1KEY(20)

CHvMMAN /DET/ NDFT(ZO),MER(QO),PANGF(ZO,3),AZ(20,5),$NCET(20,3),

1 ELEV(20,3),TIME(20)

[ LY g

RES I8 THE RANGE RESOLUTION

N 18 THE NUMHBER MF TARGETS

THIDR IS THE AZIMUTH 3.PB ANTENNA REAMWTIRTH
ELINR TS THE ELEVATION 3«08 ANTENNA REAMWIDTH

THIS RMUTINE RESALVES all “ERGING PRABLEMS AND MAKES THE PASITIAN
ESTIMMATES FAR THE 3eD RADAR, THE APL SYSe{=D LIGIC 18 USED,
SPECIFICALLY, THEPE MUST BE A GAP TN EITHER RAANGE, A7IMUTH, ®R
ELEVATIAN FCR A SECOND DETECTIMN TR AF DFCLARED .

08 1000 VTARS N
FIND FIRST UMUSED DETECTION FOR TARGET & KTAR

DM 1y J=1,NSCAN

1F (NDET3I(KTAR,J),67,0) GN TR 1S
CHONTINUE

NDET(KTAR) =0
MER(KTAK)ZSMERI(KTAR)
TIME(KTAR)STIMEZ(KTAR)

GO T8 1000

TI=0

Kl

JJIBNDET3(KTAR,.J)
NETPAR(K,1)ERANGE3Z(KTAR,JJ,J)
DETPAR(K,2)= AZ3(KTAR,JJ,J)
NETPAR(K,3) = RMODE(J,1) + RC(S)/2.
DETPAR(K,4)SSNDETI(KTAR,JJ,J)
NDET3I(KTAR,J)sJJ=1

KSTART =K

FIND ALL ADJACENT DETECTIANS
DA 100 LTARZKTAR,N
1F (LTAR,EQ,KTAR) GN To 30

IF (MERIJ(KTAR) NE,=1) 6N TA 100
1F (MER3(LTAR) ,NE,=1) gN TA 100
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DR 48 J21,NSCen
JIZNDETI(LTAP,J)

IF (JJFS,0) 6GY T8 45§
NEwIJ=(

n& 40 Tx1,JJ

CALL ANJDET(RES, THIDB,ELIDE, K ,NEMT],LTAR,T,J)

CONTINUE
MOETI(LTAR,JYeNEw]]
CRMTINUE

CENTINUF

IF (K GT KSTART) GM TO 2S

ESTIMATE OF PASITIAN

IT=T141

IF (T1.GT,3) GN T8 4ng

NNDET(KTAR)2I]

TIME(KTAR)STIMEZ(KTAR)

MER(KTAR)IMERI(KTAR)

SN=0n

SP=z0

Sazn

SFz0

SMAXsD

EMINZSINQOOND,

EMAXz={0DOO0,

na 200 JI=1,K .

SRISRALFTPAR(T,1)»DETPAR(T, 4)

SASSA4NETRPAR(T,2)+NFTPAR(T,d)

SESSE+DETPARIT, 3)4DETPAR(T,d)

SNSSHLeDETPAR(I,4)

EMINRAMTINY(EMIN,DETPAR(I,3))

FMAXEAMAXT(EMAX,NETPAR(I,3))

SHAXSAMAXT(SMAX,NETPAR (I, L))

CANTINUF

RAMGEF(XTAR,T1IY=2SR/SN
AZ7(XTAR,IT)=2SA /SN

SHDET(KTAR,TT)=SVAY

ELEV(XTAR,IT)&SE /5N

IF (SF/Sh,GT,EL3IDR) 50 1A 210

ELEVIKTAR, JI)S(EMAXSEMINY /2,

nAa 220 J=1,MN804N

TF (NDETI(KTAR,J),GT,0) GO T8 20

FANTINUE

GR TS 100N

FPINT S50,1T1,KTAR

FARMAT (t1HO,!' THERF ARE TAN MANY DETECTIMNSI!, IS, 'DFTECTIANS FAR

1TAPGFT # ',13)
CANTIMUE
RETURN

Exr
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SURKBHTINE STARY

CAVUMBN/TVM/NTARG,NJAM, SPEEN(20),HEADT(20) ,HEADF (203, TuAMNT(20),

1 TMANF (20),XMANT (20,3),XMANF (20,3),GTURN(20), TURL(2C),
? CM(20,2),PADME29), TTYRE(20),ALT(20,5),TALT(20,5),NALT(20)
CAtMAN NSCAM,NEXT,NUTRT, T, DTL,ENDTIM ,SMADE (30,20)

1 JPI,PIRVR? ,TWApT,RAPTAN,TAI(30),NSTAR,NAL(30)
2 JAYZI(20,64),XYZF(20,4),TRAPHS(20,7),81GJaM(2M)

3 S SIRTAR(AN,3),FHV(20),51G”AK, IS+ 1T, TEMPWR
4 JSHIPCQ) ,HC L3V, RMINE(30,12),IMNE(30,2)

CH¥MAN /RET/ NDET(20),MER(20),RANGE(20,3),42(20,6),S8NFT(20,3),
1 ELFV(20,3),TIME(R0)

coMMeN /STAB/ RALL(20),PITCH(20)

CAMMAY JSTARTN/ RMAX,PMAX,RFAC,PFAC,PHASE(2)

DA 30 Izt ,NTARG

1F (NDFET(IYEQ,0) GN TA 30

KeuDFT(I)

RALL(I) zRMAX«SIN(TIME (I)#RFACHPHASE(1))

PITCH(T)ZPHYAXRSIN(TIMF (T)#PFACHPHASE(2))

CRzCAS(RALL(TD)

SReSIN(ROLL(IY)

CP=CNS(PITCH(T))

SP2SIN(PITCH(I))Y .

AAZTRGPAS(T,5)=SHIP(S)

EL=TRGPAS(T,5)

TEZTAN(TRGPNS(1,6))

XSSIN(AA)MCR+ (CNS(AA)#SPHTERCP)*SR

YICAS(AAY*CP=TE«SP

AZATANR(Y,Y)Y+TaANP]
E:AQSIN(CW*(C”S(FL]*C“S(AA)*SFOSIN(EL)*Cn)-CGS(EL)*SI”(‘A)‘59)
N9 25 Jmi,K

GENERATIRN AF MEASURED ANGLES

ATFMOI2A2(T,J)+8=TRGPNS(T,S)
AT=AMAD(ATEMD, TWAFT)
FT  mELEV(I,J)+FeEL

CRRRECTTAN AF ANGLE MEASUREMENTS WITH RELL AND PITCH

CSCRASTNCET)I+SUaSTN(AT)*CAS(FT)
X3e8R2STM(ET)PCR*SINCAT)I*CAS(ET)
YSCPACAS(AT)IACAS(FT)+SPD
AMEATAL2(X,Y)+TWRPI+SHIP(S)

AZ(I,JYsAMAD (ax,T«A0])
ELEVIT,J)ZARSIN(=SPaCOS(ATIXCAS(ET)+CP D)
rANTINUE

CHMTTHNUE

RETHRY
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[
r INTTIALIZATINN
c
6038 EMTRY STRINT
c
C R4 IS THE “AXIMiuMm ROLL ANGLE
o PMAX I8 THF MAXIMUM PTITCH ANGLFE
c RPER 18 THE RALL PERISNH
¢ PPER TS THF PITCH PERTIAD
C
6037 READ G0,RMAX,PMAX,RPER, PPER
2038 SO FBRMAT (4FR,2)
0039 PRINT 65,RMAX,PMAX,RPER,PPER
REId §6  FHEMAT (1MN,' RALL Anp PITCH ' ,d4FR,2)
004l R4AXsR"AX/RANTAN
noye PHAX=PHAY/RADTAN
D04l REFACSTWAPI/RPFR
noay PFACSTAAP] /EPER
004S CALL VRANF(PHASE,?2)
6046 PHASE (1)sTHRPTaPHASE (1)
aoua7 PHASF(2)=TwWHPT«PHASF (2
GHUR RFTEN
0049 END
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SURRMLUTINE VFCLTY
COMMEN NSCAN,MEXT, MUMTGT, T,3LDT,ENDTIN ,SMADE(30,20)

1 ¢PI,PIAVRZ ,TABPT,RADTAN, TA(IC),USTAR,DWL (30)
2 2 XYZI(20,48) ,XYZF(20,4),TRGPAS(20,7),S1GJAN(20)
3 »SICTAR(PU,3),FHV(20),SIGYAH, ISKIT, TEMPWR

4 pSHIP(Q),RC(30),RMODECI0,12),IMPDE(30,2)

ChbimeN SVCIN/ MREG,FN(S),RS(S),RF (5), TRS(S), THF(S),ELSIS),FLF(S),
1 ISET

CAVMEN JVCLT/ PI2,RAN(3NS),FLAN(R)

CAMMEN /CLTBUT/Z FAUT(20t),8Z0UT(201),ELAUT(201),TALUTC201),

t RLAUTI201),PTAUY(201),80UT(201),NCC1OC),IC,1TV

CHMMEN /STARIN/ FMAX,PMAX,RFAC,PFAC,PHASE(?)

IvslcC

IF (NREG,EQ,0) GO T 95

CALL SETVR(ISET)

CALL VRAMF(FRAN,308)

ISET & 2147483047 ,*RAN(ILS) K
TSFT = 2« (]ISET/2) + 1

TIMZE 7S THE TIME AF TWHF ZERP RERRING CRASSING
TIVIPETR3600,

TIMSCHN IS THE SCAN TIMEp MF THE RADAR
TI+SCHzkMEDE(1,5)%3600,

RFS IS THE RANGE GATE glZF

HES2PLC(19)

[RaNZ0

P 20 121 ,NREG

IRANZTFAMSY

IF (IRAN GT,302) GO T& 30

Az THS(T)wFLAM(])*ALOG(RAN(TIRAN))

IF (A,GY,THF(I)) GA T8 20

IvzIv+l

AZHIITC(Ty)SA

K3(RS(IY + (RF(ID=FS(Y))*RANCYFPANG]))/RES
ROUTLIV)IZ(K40 S)=kES
ELAUTCIVISELS(TI4(FLFCT)SELS(IIYI#RANC(IRANS?)
TEUT(IVISTIMZR+TI~SCN#a/TWAPT ‘
RLAUT(IV)ZRMAX#SIMN(TAUT(IVIARFACHPHASE (1))
PTHUTC(TIVYSPMAX*SINCTOUT(IV)#PFAC+PHASE(2))
SARUT(Iv)=33,33

TRANSIRANGT

IF (TRAN,GT,3n2) 668 TN 30
bzpwFLEAM(TI)RALCG(RANM(TIRAN))

GO 16 185

CENTIMNUE

RETURN

IMITTALTZATIAN

FNTRY VCINTIT
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neza LEAD SG,1SET,NEEFG
039 56 FRPMAT(PIR)
9
C ISET IS THE JIHITTALTZATION NUMREP OF THE RANDAM MIMRER GEMERATAR
[« NRFG T8 THE NUMRFR 8F cLUTTER REGIFNS
¢ :
Goap PRINT SS,ISET,tRESR
2eay 5% FHEMAT (1HO,' VAKIABLE CLUTTER ',21R)
Geu2 IF (MREGLEQ.C) GF TP 65 )
orasd IF (NPFEG,GT,5) NREGSS
Y Dt 5 Iz1,NREG
004% READ S1,FN(IY,RS(TI),RF(T),THS(I),THFII),ELS(T),ELF(])
uhué S1 FARMATY (7FB8,2)
c
c FN I5 THE AVERAGF NUMBER OF CLUTTER FOINT PER REGI®N
c FS TS THE INITIAL RANGE OF TWE CLUTTER 2REA
o RF 1§ THF FINAL RANGE &F TRE CLUTTFR AREA
o THS 1S THE INTTTIAL AZIMUTH OF THE CLUTTER ARES
C THF 18§ THE FINAL 8Z2IMUTK RF THE CLUTTER aAREA
o ELS 7§ THE INITTIAL ELEVATION AF THE CLUTTEF AREA
C ELF 18 THRE FINAL ELEVATION OF THF CLUTTER AREA
c
6ou? PRINT S6,FN(I),RSIT),RFE(I),THS(T), THF(I),ELS(I),ELF(Y)
QUue 56 FARMAT (25X,7F9,%)
rou9 RS(1)®FRS(T1)/6,0B(:2
0050 RF(1)eRF(I)/6,0802
008y THS(1)eTHS(I)/RADT AN
nvs2 THE(T)ETHF (1) /RANTAN
nesy ELS(T)SFLS(T)/RADIAN
nusd ELF(I)EFLF(T)/RPADNT AN
0N58% S CANTINUE
0056 NA 16 T=1,NREG
ovs? 10 FLAM{TI)=(THF(I)=THS(1))/FN(T)
pUSA 95  RETURN
nosa END
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’

Appendix D’
PROGRAM LISTINGS OF ROUTINES COMMON TO

BOTH VERSIONS OF SURDET

(g FUNCTIPN HEAM{ALPHA,BETA,GAMYA,KFYT)

T camMmat SNSCAMN,NEXT ,NUMTGET,T,3LNT,ENCTIM ,SMADE(30,20)
i sPIPIBVRZ ,TWOPT,RANTAN,TAU(3I0),NSTAR,NAL (30)
2 WXYZT(RP0,8) ,XYZE(20,4),TRGPAS(20,7),SIGJa(2mM
1 P SIGTAR(2U,3),FHV(20),STGMAN,ISWTT,TEMPUR
4 pSHIP(9),FC(3V) ,RMANE(30,12), IMODE(30,2)

noey CONMYL /T, PRBS, HAFK, THETRK ,DRDAWS, THH, TRV, GN

pouGy THETAZZ ,TAXALPHA/RETA

nons TFCGAMI A EQ, 1, AND KEY ,EQ, 1) GO& Tr 4o

anee IF (THETA,GT,1 NE=p) G TE 20

0oeYy STNCzY, ¢

GO0H GM T 30

0ovoe 20 STNC = (SIN(THETA)/TYHETA)*#22

nnto SINC=AMAY](DENAWN,SINC)

(KRS TF(ASS(THETA) AT 3, 14188)STHECEDANAKN

BLAW-] G TS 3o

9013 4n CONTINIIF

BIRR THETYE® x 2,#PRAS

0nots HAFK & 2S¢« (THETRK+SART(THFETRKATRETRK+3 1+RC(S)*RC(5)))

Gile IF(PRRSLALPHA BT KAFK) GN TH 51

not1e IF(ARSITHETA) ,GT 1 ,F=6) GN TF &5

CO1R SINC = %,

¢019 Gr Tr 30

G020 S5 SIMC z (SIN(THETA)/THETA)*#2

nn21 GR TR 30

N irard S CANTINOE

3023 TF(PRAS=8PHA | T, RMARE(NFXT,2)) G8 TR 40

nn24 SIMNC = NPDAWY

1025 G 18 3o

no2e 660 CHMTINIE

ag7 THETL = 2,7R3#(HNFKePERS)/HETA

nngA SINC 2 (SINC(THETA)/THETAXSIN(HMFK)/STIN(PRRS=ALPHA)) 222

nn29 36 RFAM = STHC

030 65 CPNTYIMUFE

RS RETIRHK

un 32 END
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SUREPSUTINE CLTSIG (XFRE,¥BEA!, XANG,SIGZ,POLRZ)

CHumumANLAY/
NIMENSIAN
NIMENSTAN
NIMELSTRAN

S1GOH(T,6,5),8160V(T,6,5),XPARC3,T)
TLIY(2,6,5)  INDEX(3,2),80X(3)
HAGTS(7,642) ,VERIS(T,6,2)

PAR(3)

EULIVALEMCE (VAGIS,SIGaV(L,1,4))

nang . EGUIVALEMCE (HAGTS,SIGoH(1,1,4))
norR NATA NLPANG,PLIPAL ,ALDAMW,ALRFRPE / 4x0,0 /
L) NATS APX 7/ Te&457
6nn1o DATA XPAF / 500,,14014,1250492,034s30004,3,710,05600,,4,430,,
* annolsoflﬂoll17nonllboIOQUSSnootln.IO./
oty NATA SIGOMY/
e1N, =100, ,e080,,=87,,=80,,=80,,=84,,
-Qu_,-Qd,,.85,,-78,,-72.'-72_,-72',
-9?.,-00.,-75.,-68_,-b}.,-@}.,.b}.,
«0, ,mR2, ,=bRes=62,s55.,=55,,=554
«T5,e75,0°58,,°55,)=48,,=08,,=48,,
e6S gy mbS,, "8, s R, el2,,=-42,,242,,
'9”.1-99,,'55.,'79.,-70.,-7“,,-7“.'
@Rl yeRl, ;=T6, s =T =bB, =68, =68,
87,2 TR . =bba el 4»574,=57.,=57.,
-7210.7?'I-§p-l'soul'abll-ubnl.ubnl
b7, ,m67,, 4R, w008, ,082,,=19,,-39,,
'6?.,'5?,,'“0.'-01.'-39.,-39,,-39.,
'86.l'5000'73-l'70|l'661l‘bbnl'bbnl
-Au-l'73-l-6gnl'56ol’ucnl'USQI-u‘0]
B2, 268, ,%5G, =48, , =0, ,~0",,=30,,
-7?.,-62.,'UQ.,-US.,-UO.,-37,,-30.,
b7, =58 olU2,,=39,,%36,,°30,,=32,,
- '65.'-53.,'ﬂ0.,-35‘,-33.,-}l.,-30,/
no1e NATA HEGISY/

PPN 2R N R B A O B B 4 » %

-75,,-72.,-bﬂ,,-b},,-;ﬂ.,-S%_,-S},,
w70, =bb, ) =69, =50, ,°U4B,,=45,,-43,,
'66..-6‘.0-53.,.4ﬂ.,.02.,041.,'00,,
'”100‘53.1'06-1'0?01'39.:'37-c'37o0
':501’5011'01.D'SA-I.IS.I‘BS-r'SS-I
'53no'uénl'lsol'3"-1'32.0'3l-"31.0
w60, g b0, ympby)~5T,, =56, ,=48,,%45,.,
'55-:°q“-:'5°-5p-53.:-51.,'“?.1-3“.o
'qgtl'sso’-slll-uenl.alol-sscl‘sstl
'SQ-"UE.I'U6-"“0-1'37:"33-0'31-l
wlR,,=l45,,=38,5,=37,,=33,,°31,,%29.,
'u7o0’4301'36.l'33.:‘3’.r'zq-l'?7-/

o ok h s e e s A e aa

0013 - nATa STGOVY

' OQb.'th,,-Se,,-83.,-80,,-8".,-80.'
'q‘."Q'.,-8§.,~7a.;-65.,-65.,-65.,
e, ,eRT T2, =6l s=5h,,=56,,256.,
'85.1'7°-"65.1'56-1'51-r‘51.r’5!.:
'7’.'-7?-'-55-l.sso'?uaol'usul'aﬂol

% % ¥ *
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w63, ,%63,,°S5n,0=8b, )=l ,=Ul,,=44,,
-ﬁn..-en.,-"'.,an.'-bu.'cbﬂ.,tbﬂ.,
@T6,0=Tb,s=b2,s°60,,=58,,5R,,«58.,
.80.'-71.'-SQI’.SSI'.S?."52.'.5?l'
-66..-eb..-55.,-08..-“S.,-US.;-"S.,
'61.,-61..'50.0'”6.,-43.'-3°.,-39.,
.57n'.§700.snol'uugl‘son"qul'!qnl
'7S-l'bﬂol'6u-l'banl'bosI'ﬁn-I'oﬂcl
©70 126502560153, =50,,=47,,40,,
'03.-'5“-a‘53.0'“7.o-“0..-UE..iSE.,
.gn,'-Su.,-QF.,.J}.,-iQ.i-37.'.3u,,
e85, wdG, ;242 ,,=39,,=37,,«34,,=32,,
'52..-“3.:‘3R.'-35.a-33.,-32..—31./
c1d DATA VMGYS/

P S N NN N B R S IR R

.bsol'bu-0’6“-1-6001-56-I‘S?ol-“anl
'5001'5301'5211'aq.l'astl‘QS-D'ui-'
'SSQI-SBQl‘QQ.p'asoo'u‘.J'}q.p‘37.|
-53..-43.p-a3.p'00..-38.,-36.,-3“.,
.Sa-'-sﬂol-!eol'!b.0'35-1'33."31.a
38, ,=38,,=15,,°33,,~31,,=31,,-30,,
.US.,-US.’-U1.,.UQ.,-QQ',-05.,UUU.,
-ﬂo.,-UO..-ue..-au.,-ﬂa.,-uo.,-la.,
'35.0'37.o'!9.v'3°.:'36.p'3“.p‘33.r
-34.;-3”.1-30..-30..'32.;'32..'31.:
'30.,-!1.1'31.,-32.,‘31.;*29."29.1
-?5..-?8.:-?“.'-28.,-26..-26.,-?6./
0ots DATA ILIM / 2,5,2:5010501+5421502+5,

* 205020551151 24541246,246,

» 15,1070 0Tt 0 701 ,7,107,

* 1,700, 7, 0,703,70147,147,

* 2070207000704 T0107,4,7/

[P D N

notle IF(XFRE.EG.RLDFRE.AND.xBEAU.ED,FLDBGW.ANU.PQLRZ.EQ.HLUPHL.
*AND, (XANG=P{ DANG) ,LE,0,01) GY T8 65
0017 ANG & PULKZ*3,14159265/1R0,
0018 PAR(1) ® AMAX1(SON,,AMTIN]I(XFRF,35000,))
0019 PAR(2) ® AMAXI(1,,AMINI(XBEAU,64))
6020 PAR(Z) & AMAX1(1,,AMINY(10,4XANG,100,))
g0t or 10 T = 1,3
on2e MGz NDX(T)
nvel N4 30 K B 3,50
w24 TF(PAR(I)GT  XPAR(T,K)) GO T& 39
ongs INDEX(T,1) 5 MAXC(Kel,1)
chee INPEX(I,2) s K
o027 68 TF O
anes 30 CONTINLE
nN2o 9 IFCINDEXCI,2) ,MEL1) GO TR 10
G030 INLEX(1,2) = 2
GO3y 10 CRMTINUE
C
[ CHECK PMP WMNEXISTENT PpATA
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0037
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139
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noso
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0953
008y
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navy
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60a0
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nnel
NOEld
0yes
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00e9
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CALCULALTE STGMA ZERN

IFCIMOEXCY ) 1) JBQ INDEN(1,2) JANPJINDEX (2,1 ) R, INDEX(2,2)
L ARD L TENEX(3, 1) ,ER,INDEX(3,2)) GM T8 S

SIGZ = O
SY1GZP = ¢
o a4y 1 =
[REL T ¥ O B
NE 4N ko
TT1 = THNDEX(1,1)

172 = THNDEX(2,J0)

IT3 = INDEX(3,k)

ITIP = INDFX(1,3=1)
[T2P = INPEX(2,3e)) ,

1
1
t

- e w

1T3P = IMDEX(3,3eK)
SIGZP = SIGZP + SIGOV(ITI,IT2,I1T3)x
. 8RS (XPAR(Y,IT1P)=PAR(1))*
. ARS(XPAR(2,1T2p)«PAR(2))*
. SRS (XPAR(Y,1T3p)=PAR(3))
40 SIGZ = SIGZ+ SIGRHCITY,IT2,IT3)#
. LBS(XPAR(1,IT1P)=PAR(CE) )%
- ARS(XPAR(2,1T2p)=PAR(2))*
. ABS(XPAR(3,1T3P)=PAR(3))
SI6N = 9,

ne 8y I=1,3°
ITY = THDEX(1,1)
IT2 = INREX(T,2)
IF(YPAR(I,TT1) ,EQ, XPAR(TI,IT2)) G~ TA AD
SIGN = SIGN&(XPAR(I,IT2)=XPAR(],TT1))
An CANTINUE .
SIGZ s SIGZ/SIGN
SIGZP = SIGZP/SIGM
GP T3 &0
50 CANTINUE
174 = INDEXC1,1)
172 = INCEX(2,1)
TT: = INCEX(3,1)
SIGZ = SIGOH(ITY,I72,173)
STRZP = SIGOV(ITI,IT2,1T3)
60 CONTINUE
SIRZP = 1G,**(SIGZP/10,)
SIGZ = 10,+x*(81GZ/710,)
SIGZ = SORT((SIGI+CAS(ANG))%s2 + (SIGZP#SIN(ANG))I**2)
8 DANGEXLANG
rIDPALEPRLRY
ALNASWEXKF AL
AL DFRF=XFRE
65 RETIIEN

FNND
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DAVIS AND TRUNK

5001 SURRMUTINE EMVIRN
g2 CAMMAN NSCAN,NEXT  NUMTART, T, ALDT,ENNTIM ,SHADE (30,20)
1 JPT,PIAVRY ,TAAPT,RADTAN,TALI(YN),DSTAR, DAL (30)
? dXYZTI(20,4),XYZE(20,U),TRGPAS(20,7),51GJAY(20)
3 s STCTARC20,3),FHV (20),S5IG» AN, ISKIT, TEUPUWR
4 ySHIP(9Y,RC(3N),RMAPE(30,12),IMNDE(30,2)
nnng CAMMAN/R/ ENVIR(10),SURC(30),RE,CNM,CCH,aCaH,RETA,
* DATP(20),POLRZ, IXKEYF, XKTAMS XNMTAM, TARCS,wV] ,FAPICR,FIPTSN
adod : COMMAN/R/FACH , AMRN, X JAMN, TKEYJG ) XXX XX
2395 PFAD SC,(ENVIR(I),Im1,u)
nngk 50 FARMAT (UFR,2)
6007 PRINT Snp, (FNVIR(T),Izq,4)
2008 500 FAPMAT(/,' 4 ENVIRMMENTAL PARAVETERS ARE ',dF8,2)
enne FACUEY, :
0910 ENVIR(2) 3 ENVIR(2)/6,0R02
NN SIGMEH 3 ,0066666T+H(XKTAMSAENVIR(1))4#2x (XNMTOMSENVIR(2)/10,)
* ke (w 19364)
0ote RFTUFN
2013 gnNn
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oncl

nnn2

0oong

nona
09u8
[CRAL-Y
0007
GOCA
[IReXiR-]
G010
0011
0012
netd
no1d
G015
0016
w17
nHy18
119
npzn
[fB|
n022
9023
n2d
¢02s
ce26
9027
no2e
nnge

laNale el

10

a9
31

29

NRL REPORT 8228

SURRAUTINE GATMN(IKEY,JTAR,ITAR,GAINR)

JTAR = TARGET LINDER DETECTIAN
ITaR = TARGET FOR wHICHW FIELD STKRENGTH RATI® IS TH RE DETEPHMINFED

CAMMAN NSCAN,NEXT NUMTGT,T,ALDT,ENDTIM ,SMADE(30,20)
1 fPT,PIOVR2 ,TwnPT,RADTAN,TAU(IA),08TAR,DWL (30)
2 P XYZIC20,4),XY2F(20,4),TRGPNS(20,7),S1GJA~(20)
3 +SIGTAR(20,3),FHV(20),S81GMAH, ISKIT,TEMPWR
d P SHIP(9),REC(3U),RMANE(30,12),I¥NDE(30,2)
caMMnN /By, ENVIF(10),S5URC(3C),RF,CNM,CCY,2CAN,RETS,

DETP(20),POLRZ, TKEYF , XKTAMS  XMMTAM, TARCS,wVL ,FOPIGH,FAPISA
cavmaMyfn, SRTAR,STMNPST,CASPST
CUMMMN/T/ PAES,HAFK, THETRK,NPOCAWL , THK, THV,GN
IF(IKEY,EG,1) GO TF 10
CAINR = SORT(FHV(ITAR))
RETUFRN
CANTIMNUE
Mok = SMLANG(TPGPUS(JTAR,S5)=TRGPAS(ITAK,S))
ALFV = (2,*SRTAR*SINPSTI#*CASPSI/(TRGPHS(ITAR,4)AXNMTAM))

IFCALFV, LE. 1,)GN To 30
IF(ALFV LEL1,01)6R8 T3 40
ALFV=1,

CANTINIE
ALFV = BRSIN(ALFV)

ALFV = TRGPAS(ITAR,6)=aLFV
@AV = SMLANG(TRGPAS(JTAR,6)=ALFV)

IF(RC(P),EN,1,) MAV = (PBRSeALFV)

IF(PC(2) . ER,1,) GR TO 20
TE(OAH LE, (1, 13#RC(4)) AND NAV LE, (1,13+RC(5))) G® Tr 20
GAINR = RC(T7)

RETUPH

FH = AFAM{MAN,RC(4),RC(2),0)

Fv = REAM(OMAV,6C(5),RC(2),1)
GATMR = FH#FV

GAINF = AMAXT(FC(7),SQRT(GATINR))
RFETURN

ENE

»
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0001
0002

0003

Qo004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016

0017
0018
0019
0020
o002t
vo22
0023
6024
0025
- 0026
0027
0028
0029
0030
003}

0032
0033
0034
003S
0036
on37
n03A

0039
0nuo
nnuq
nou2

DAVIS AND TRUNK

SUBRAUTINE JAM(JTAR,EJ,EC)

CAMMAN NSCAN,NEXT,NUMTGT,T,BLDT,ENDTIM ,SHODE(30,20)
+PI,PIOVRY ,TWBPT,RADIAN,TAU(30),DSTAR,DHWL(30)
.xVZ!(?o,a),XYZF(ZO.G).796903(20.7),SIGJA”t20)

+STGTARC20,3),FHV (20),9IGMAH,ISWIT, TEMPWR
sSHIP(9),RC(30),RMODE(30,12),IMONE(30,2)

COMMAN/R/ ENVIR(10),8UBC(30),RE,CNM,CCM,ACAN,BETA,

» NOTP(20),POLRZ, IKEYF,XKTBMS, XNMTOM, TARCS,WVL,FOPIGR,FAPISE
COMMON/D/ ALPHAD,S1GZ,v,AR1,AR2,S1GC,SI6
COMMAN/H/FACH , AMBN, XJAMN , IKEYJGy XX XXX
COMMON/T/ PBBS,HAFK, THETBK,DBOOWN, THH, THV,GN
COMMAN/TS/ISTAT(20),TSCANC20,30)
€EJs0,0
FACTOR- wVLtNVL/FﬂPIsn.RC(b)*Rc(SI*RMGDE(NEXT 8)

HR = SHIP(3)aXNMTAM
HT 8 TRGPOS(JTAR,I)#XNMTOM
SL = DBDOWN#DBDOWN
AGAIN = |
THETS s RC(S)
PHIB = RC(4)
DA 20 Jui,NUMTGT
CHECK T1F TARGET ACTIVE
IFCISTAT(J) NE, 1) GO TA 20
PJsSIGJAM(J])
SR m TRGPOS(J,U)*XNMTOM
IF((pJ.LE.(0.).AND.J.EQ.J7‘R).OR.SR.LE.(O.)) GO TA 20
OAHRSMLANG(TRGPOS(JTAR,S)«TRGPNS(J,5))
OAVESMLANG(TRGPAS(JTAR,6)=TRGPAS(J,6))
IF(RC(2),EQ,1,) CAV = (PRBS«TRGPOS(J,6))
IF(RC(2) ,EQ,1,) GO T9 g0
1IF (OAH, LE €1,134RCC(4))AND,OAV,LE, (1,13+RC(5))) GO TO 10
FHY(J)sDBDOWN
Go To 1S
10 FH a BEAM(OAH, Pc(a),kc(z),o)
FV & BEAM(OAV,RC(5),RC(2),1)
FHV(J)BFH*FY
IF(RC(2) LEQ, 1,0 JAND, TRGPAS(J,6) ,LT, RMODE(NEXT,2) .AND, FH

* ,GT, DBDOWN) G& TO 15
FHY(J)®AMAX1 (DBDAWN,FHY(J))

15 XJAMFA 8 FACTARSPJI2FHV (J)/(SR#SR)

CALL MULPTH(JTAR,J,FAC)

" XJAMFA B XJAMFAFAC#FAC
EJ = EJ ¢ XJAMFa
XJAMN = FJ

£ N =

20 COMTINUE

CALCULATE THE EFFECT OF CLUTTER
EC = 0,
25 SR = TRGPOS(JTAR,4)#XNMTOM
IF(ENVIR(1),LT,0N) GO Ta 30
DC & (1,=MR/(2,%#FE))*SQRT(SRaSR = HRwHR)
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0ou3 1F(DC.GE,NSTARAXNMTAM) GA TA 30
H046 SIMNALF = HR/SR =§R/(2,¢RE)
cnus TFISTNALFLLT,0) GO TA 30
D056 A PHA = ARSIN(STMALF)
aou7 ALPHAD & ALPHA#RADIAN
YY) TEMP 2 ENVIR(1)#XKTOMSA(T7, SI(ENVIR(Z)tXNMTﬂM))t- 09682
0949 BEAUS 3 ACANS(TEMP/XKTAMSY##RETA
Nosoe XFRESRC (1) #DWL (NEXT)
oSy CALL CLTSIG (XFRE,REAUS,ALPHAD,SIGZ,POLRYZ)
6952 V g TAUCNEXTIRCENM/(2,4CRSCALPHA) I AXNMTAY
u0ns3 THETT 2zARSIN((HT=HR)/Sp = SR/(2,*RE))
no&Ry TF(RC(2),EN,1,) THET] 3 PBRS=DSTAR#XNMTAM/RE
noRs SMTE 2 =SIN(THETR/2,+THETT)
0056 SPTR = SIN(THWETR/2,=THETT)
0ns7 RADM? = SMTBASMTRe2 ,xHR/RE
00%8 RADP?2 = SPTR#SPTRe2,4HR/RE
0089 IF(RADM2,LT,0) GO TO 2¢
a060 RMTA = 2, ,%HR/(SMTR+SURT(RADM2))
0061 ce I8 27
nged 26 RMTE = {,E+35
noed 27 IF(RADP2,LT,0) G" TO 2a
0064 RPTR & 2, *HR/(SPTB*SQRT(RADPZ))
0065 IF(RPTB,LT,0) RPTR = 1 _E+135
nies GO TO 29
067 28 RPTR = 1 ,E+3S
0068 29 CONTINUE
0069 Rf & AMINJ(SR,DSTARXXNMTOM)
LRAd R2 = AMINT(SReV,DSTAR®yNMTOM)
0071 IF(RMTR LT, 0) RMTR & 1 _E+35
0072 S§1 3 AMAX1(R1,KPTA)
¢T3 $2 ® AMINI(R2,RMTH)
onTd WS £ ,S#PHIB %(1,/(S1281)=1,/(52+82))
nnTs Wk = PIa(1,/(R1#R1)=1,/7(R2%R2))
nute WS 3 AMAX1(0,0,wS)
0077 ARt = WR
quT8 AR2 = W§
0079 C = ?EMPWRQStha*SIGZ/yAPCS
BORD SIG = €
anad SIGC = CA((AGAIN=SL)#Wg+SLAWR)»SUBC(NEXT)
0ng EC =z SIGC
DNRE 30 COMTINUE
LEY RE TURN
poas END
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0009
o002

00013

09004
nons

neoe

¢od7
6008

Vo9
6010
ontl
ont1e
0013
0014

[
cots
0idté
LR
ne LR
6019
0020
nnz21
0022

002y
no24u
028
nnee
ana27
nijeR
nn29

OO On

s NeNel

10

18
2n

25

22

DAVIS AND TRUNK

SURRMUTINE MATCH

CAMMAN NSCAN,MNEXT NUMTGT,T,0LDT,ENDTIM ,SMADE(30,20)

LPT,PIONVR? ,TwAPT,RADIAN,TAL(3N),0STAR,DHWL(30)

JXYZI(20,4),XYZF(20,4),TRGPES(20,7),81GJAM(20)
#sSIGTAR(20,3),FHV(20),SIGMAH, ISWIT, TEMPKR

sSHIP(9),RC(30),RPMINE(36,12),IMADE(T0,2)

CAMMON/B/ ENVIR(10),SURC(30),RE,CNM,CCH,ACHN,RETA,

* ORTP(20),PALRZ, IKEYF , XKTHMS , XNMTAM, TARCS,wVL,FOPIGR,FrPISO
CAMMAN/C/A(3),R(20,3),8MAG2(20)
CAMMAN/TM/NTARG,NJAM,SPEEN (20) ,HEADT(20) ,HEADF (20}, TMANT(20),

1 TMANF £20), XMANT(20,3) ,XMANF(20,3),GTURN(R6),TURN(20),

2 CM20,2),RADM(20), ITYPE(20),ALT(20,5),TaLT(20,5),NALT(20)
COMMAN/TS/ISTAT(20),TSCAN(20,30)

[V I\ Vg

MATCH SCANTIME VALUES WITH TIMES EACH TARGET COMES WITHIN SCAPE
LIMITS .

TSCANCJ,T) IS TIME MODE I FIRST SCANS TARGET J AFTER TARGET J HAS
CAME WITHIN RADAR INSTRUMENTED RANGE

TMaXx = 1,E38

DA o6 J = 1,NTARG

INITIALIZE ISTAT VECTOR

ISTAT = © TARGET NOT ACTVYIVATED
STAT = TARGET ACTIVE
ISTAT(JS) = O

nA 10 Ks1,3

A(K)BXYZI(J K)=SHIP(K)

CANTINUE
AMAGRZA(1)XA(1)4A(2)NA(2)+A(3)*A(D)
IF (ITYPE(J) LEU, 2) Ga TO 25

Nf MANEIJVER

B{J,1) = XYZF(J, 1) = XYZ1(J,1)

H{J,?) = XYZF1J1,2) = XvZ1(J,2)

TEMP 3 XYZF(J,3) )

IF (ITYPE(J) ,EQ, 0) Go TO 1t#

TEMP = ALT(J,2)

8(J,3) = TEMP = XYZI(J,3)

RMAGR(J) = B(J,1)%B(J,1) + B(J,2)#R(J,2) + B8(J,3)¢B(J,3)
GO TG 22

MANEHVER

B(J,1) = CNS(HEADTI(J))

B(J,2) = SIN(HFAPT(J)) .

RMAGR(J) 3 B(J,1)*R(J,1) ¢ B(J,2)*E(J,2)

B(J,3) = 0,

ADATR = AC1)I*H(J,1) ¢ A(2)*B(J,2) + A(3)*B (I, )
ANRTR2ANATR*ANAKTR

K = ITYPE(J)+1
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angy IF(K  NE, 2) G TA 27
C STARE CRITVICAL VALUES FRR TARGET TYPE § TN REINITIATE NEW ™~ADE
9034 XAR =z ADATR
iGR Y] XAR2 £ ADATRD
0013 XAMARY = BRMAG2(J)
anty XAMAG2 T AMAG?
1935 LEG = {
C
1038 27 Nh AN 1 3 1,MSCAN
0037 29 TSCAN(JI,1) = RMODE(T,6) + XYZI(J,d)
NO3A R22RMOLE(I,TI*RPMANE(I,7)
an139 DISC 3 ADBTRZ = RMAG2(J)*(AMAG2 » F2)
0oan GO TA (30,40,85), K
nogy 3y IF(DISC L,GE, 0,0) 6N Ta 60
¢ :
C TARGFT MEVER #JTHIMN RANGE
nyue 315 TSCAN(J, 1)} = TMAX
enal G8 TR &0
C
C ALTITUDE LEGS
noud 4n IF(LEG EG, t) G™ TO 4
C RESET VALUES FAR INITIal LEG
0948 ANYTHR =z X4&R
aNUk ANRTR2 = XAB?
9047 RMAG2(J) & XBMAR?
¢nua AMAG2 = XAMAG?
LEEL LFG = 1
0us) 42 IF (DISC LT, 0,0) G T8 48
npsy TEM1 = TALT(J,LEB)
n0s2 TEM2 = TALT(J,LEG+1)
NSy TERM 2 SRRT(DTSC)
p0BY PYMINUS £ =1, 0k (ADPTR & TERM)/RMAG2(])
108 UPLUS = (TERY = ADNTB)/BMAGR(J)
9086 WMINIISSAMAXT (UMINUS,0,0)
087 WRLUSZAMINI(UPLUS,1,0)
GOSA IF (WMINUS 6T, WPLUS) G® T8 4S5
G059 XSCAN = TEM1 & wMINUSR(TEM2 » TEM1)
Noeo IFC(XSCAN ,GE, TEM1) LAND, (XSCAN LF, TEM2)) 60 TA 75
c
C TARGFY NEVER WITHTNM RANGF MN THIS LEG » LUOK AT NEXT LEG
inet 45 LEG = LEG#1
DY IF (LEG ,GE, MNALT(J)) g0 T® 35
6ned FEJ,3) = ALT(J.LEG+1) = ALT(J,LER)
noed NT 3 (TALTCJ,LEG)eXYZI(J,4))/(XYZF(J,4)=xYZ1(J,4))
006S A(1) = XYZICJ,1) & DT#(XYZF(J,1) = XYZI(Jr1)) = SHIP(1)
Meb AC2) = XYZI(J,2) 4 DTx(XYZF(J,2) = XYZI(J.2)) = SHIP(2)
D67 A(3) = ALT(J,LEG) = SHIP(Z)
DOeR AMAGREAL1)#A(1)+A(2)RA(2)+4(3)xA(T)
tNp9 RMAGR2(J) 2 B(J,1)*R(J,1) ¢ B(J,2)*FR(J,2) + A(J,3)#R(J,3)
nnyo AGATE 3 A(1)#*B(J,1) + a(2)*B(J,2) + 8(3)28(J,3)
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noyl ADAYR22ANROTR*ANATH
un72 DISC = ADATB? « BMAG2())*(AMAGY ~ R2)
1073 GRoTh 42
o
c MAMNELUIVER
LN X S8 TEMY = THANTI(.)
nors IF(DTISC ,GE, 0,0) GO TA 65
c
o TARGET NAT WITHIN RANGE PRIAR TA MANFUVER
C NDEFAULT TO BEGINNING OF MANEUVER
076 58 xSCAN =® THMANT(J)
2077 Ga T 7S
c
OO TR 60 TEMY x XYZF(J,4)
nnTe 6% TFRMzSHART(DISCE)
neao UMINUSS=1 0% (ADATRETERMY/ZAMAGR(])
enAy UPLUSE(TERM=ADNTR)/BMAG2(J])
NOR2 WMINUSSAMAXT (UMINUS,0,0)
00R3 WPLUSsAMINI(UPLUS,1,0)
00RU IF(WMINUS ,GT, WPLLIS) g TR (35,35,58), «
Q0RY ‘XSCAN 3 XYZT(J,4) ¢ AMINUS*(TEM! = XYZ1(J,4))
n0A6 75 IF (TSCAN(J,1) ,GE, XScaN) GO T8 Ay
ViR? XN 8 AINT((XSCAN = TSCaAN(J,T1))/RMARE(1,5))
N0RA TSCAMCI, 1) = TSCAN(J,I) + XNxRMINE(T,S)
00RQ IF(XSCAN LEQ, TSCAM(J, 1)) GA To An
0090 TSCAN(J,1) = TSCAM(J,1) ¢ RMPRDE(?,S)
onQt 80 CONTTINUF
0n92 90 CONTINUE
o DETERMINE EARLIEST TIME EACH “NDF SEES A TARGET
0093 DM 95 1 = 1,NSCAN
noga TMIN = TMAX
0nes PO 92 J = 1,HNTARG
0096 TSCAM(J, 1) = TSCAM(JeI) » RMPDEC(Y,S)%1,1
009y IF(TSCANCT, 1) ,GF, TMIN) GN TO 92
N09R TMIN = TSCANC(CJ, 1)
G099 92 CHUNTINUE
2100 RMADE(],9) = TMIN
0101 95 CHNTIMUE
n102 RETURN
0103 END
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SUBRAUTINE MULPTH(JTAR,TTAP,FAC)

JTAR = TARGET UNPER OETECTIAN (DIRECTIAN 0F RADAR)
TTAR = TARGFT FAR WHICW PATTERN PRAPAGATION FACTRR 1S REING CALC

COPMAN NSCAN,NEXT,NUMTHT, T,OLDT,ENRTIM ,SMADE (30,20)
+PI,PISVR? ,Tufp],RADIAN, TAUCI0),NSTAR,DWL(3D)
fXYZIC20,4),XYZF(20,4),TRGPOS(20,7),SIGJAM(2¢)

¢ SIGTAR(20,3),FHV(20),SIGMAH, ISKIT, TEMPRR
»SHIP(9),RC(30),RMEDE(30,12),IMODF(30,2)

CAMMAN/B/ ENVIR(10),SURC(30),RE,CNM,CCM,ACHN,BETA,
* DATR(20),PALRZ, [KEYF,XKTOMS, XNMTAM, TARCS ,wVL,FEPINR,FAPISH
CAMMAN/F/ HR,HT

COMMAN/G/SRTAP,SIMPST,cASPST

COMPIEX CI,CTEMY,CP,CA,CUT,CLUR,CTEMW,CAMY,CRANMH
* sCGAM

FaC = 1,

IF(ENVIR(3Y LEN, ©,) RETUPHN

CHECK FRR NEW SCAM MADE

IF(ISWIT ER,1) GB TA §

RADAR MANE DEPENPENT CALCULATINNS

XNZERM = 1000313

HR = SHIP(3)aXNMTANM

RAFR = HR/RE

CHR = HRxa(],=RAR)

XKkPAR = 2,2PT/wV(

XFRE2ZRC (1) +DWL (NEXT)

IF(XFREGT,1500,) G Th &

EPS1 = 80,

SIGY = 4,3

GR TR R :

IF(XFRE ,GT,3000,) G8& To 7

FPSY 3 B0,a0,007332(XFRE=1500,)

SIGY =2 4,340,0014Rx(XFREe1500,)

Ga Tr A

EPS1 = AG=0, 00257 1Ux(XFRE=3NAN)

SIGt = 6,52+90,001314x(xFRE=3000,)

(ﬂNT!MUE

CT 3 (0,0,1,)

FTEMY = CMPLXCEPST,=60 #¥VL*S5IRY)

XK2ZFRY x XKPARsXNZERY

H 2 (2, 4XKZEROAXKZERO/RE ) *2x(=1,/3,)

XL 2 2,%(U4,*XKZERD/(REARE) ) w2 (=t ,/3,)

71 mHH/H

CP 2 CI«XKZERA«CSART(CTEMY w1 I A (CAS(PRLRZ/RADTAN)

* + SIN(PEBLRZ/RADIAN)/CTEMY)

C8 = 2,33812CFXP(CT*#2,4PI/3,) ¢ 1,/7(H*CP)
XI~Ca = ATMAG(CA)
CALL DFUNCZY,CA,CUT1) <

[V R VIR
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[sXIK Y ISw]IT = 1
1038 5 CANTINIE
nnye IKEY = =
0Qay GRRT 2 TRGPOSCITAR,7)*yMMTAM
a0y 20 CANTINUE
Ina HT = TRGPOS(ITAR,3)xXNMTOM
nyus HSUM & HBEHT
Goud RAY = HT/PE
0048 CHT 3 HT#(1,=RAT)
00de TEMP 8 SART(4,/3,#(RE#(CHR4CHTI+GRRTAGRRT/4,))
nnay TEMPRI 3ARCAS(2,+FEAGRRT*BRS(CHRaCHT)/ (TEMPXTEMPxTEMP) )
COuR GRRAD 2 GRRT/2,4SIGN(1, ,CHReCHT)*TEMPCASC((TEMPHI4PT)/3,)
0049 GRTAR = GRRT=(RRAN
easn SRRAD = SORT(HRAMK+(1,4RAR)IAGRRADAGRRAD)
nngy SRTAR = SARTIHT«HT+ (1 ,4RATIXAGRTARAGRTAR)
nos2 : TANPST = CHR/GRRAD « GRRAD/(2,*RE)
G083 IF(TANPSI,LEL,0) GO T8 40
LY COSPST = GRRAN/SRRAD®(y,+RAR)
0085 SINPSI = GRRAN/SRRANDK(TANPSI4HR/GRRANARAR)
N0S4H 50 CAMTINUE
nasy RREF = SRRAD+SRTAR
Q0%8 PRREF = SRRAD®#SRTAR
LLLY] TEMW = 2 *PRREF /AREF
2060 DISP = SOQRT((1,«HSUM/REIARREF/GRRT
* *COSPSI/ (1, +¢TEMA/(REXSINPS]I)))
b6l TEMG 3 (2,x8INPS1/RREF)&22+PPREF
V)62 PTHDIF a2 RREFATEMG/(],4S5GRT(1,=TENG))
noe3d IF(IKEY ,EQN,1) GA TA 39
0n6d TF(PTHDIF GE WVL/U,) GA TH 30
5065 IKEY = 1§
0066 CRITR = GRRT
NoAT XNAT = CRITR/XL
V0GR SINPST & 2, #4VL/4 *HSUMZ (WYL /A WV /U 40 %xHR*HT)
0069 CALL RNGCEN(WVL/4,,GRRAD,GRTAR,SRRAD,SRTAR,SINPS])
anrn CRITR 2 GRRADGGRTAR
no7e GRRT & GRRANDGGRTAR
0072 CASPSI 3 SART(!1,=SINPST«SINPSTY
0073 XNATY = CRITR/XL
n074d Gh T~ 50
0no07s 30 CANTINUE
76 CTEMW = CSQRT(CTEMY=COGPSTIALPSPST)
LhRAS CGAMV = (CTEMYASTNPSIwCTEMW) /(CTEMYASINPSI4CTEMA)
unTAR CGAMH = (SINPST=CTEMN) /(SINPEST+CTEMW)
0079 CGAM = WSACLAG((CGAMHNCAS(PALRZ/RANDTAN) ) w22
* ¢ (CGAMVASTN(PYLRZZRADTANY ) % 2)
9080 CRAMIZSATIMAG(CGAM)
09814 IF ¢ CGAMI 6T, 0,0 ) gnTn Si
LY CGAMECHMPLX( REAL(CGaM),3,141640GAM])
cnRY 51 CGAMSCFEXP( CGaM )
LYY RHAIREF = CABS(CGAM™)
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RO
30Re
0ng?
6NRA
NYRQ
n0gn

0091
nng2
nnoy
{094
nyes
0086
0097
60N9R
0Hn9eQ
2100
n1ny
g10e
c1n3

10

40

NRL REPORT 8228

PHIREF = AIMAG(CLAG(CGAM))

TEYGY! & (2, 4XKPARKSIGMAHNSTINPSI)I»a2

XMUR = EXP(=TEYG1/2,)

CALL GAIN(1,JTAR,ITAR,GV)

CALL GAINCO,JTAR,ITAR,qD)

FACI = CARS(],+GV/GD*RHIREF*NISPRXMURNSCEXP (CI# (=XKZFRO#
PTHDIFePHIRFF)))

IF(IKEY EQ,*1) GO TO 19

72 8 HY/H

XNAT2 = 2,*%(SORT(2,+REACHT) + SURT(2,xRE*CHR)) /XL

CALL UFUN(Z2,C4,CU2)

FAC? 3 2,*SORT(PT#XNAT)#EXP (=X IMCAAXNATD)&CABS(CLL*CU2)

CALL IMTER(N,FAC1,XNATy,FAC2,¥XNAT2,FAC,XNAT)

RETURN

FAC = FAC!

RETURM

CANTINUE

FAC = 1,E=20

RETURN

END
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DAVIS AND TRUNK

SURRAUTINE NEWPHS

CURRENT TIE T REPRFSENTS TIME AF CURRENT SCAN WITH <EAM AT 2€RA
DEGREES AZIMUTH,

TARGET PASITINMNS ARE FIRST CALCULATED AT TIvF T,

THE AZTIMUTH BF EACH TARGET AT TIMF T IS NETERMINFD (RELATIVE T@
ZEPA DEGREES),

A CARRECTED PASITTAN FAR EACH TAPGFT I 1S CALCULATED, wHICH IS
ITS PASITIAN AT TIME TNELTI, WHFRE DFLTI IS THF TIMF 1T TAKES
THF RADAR HEAM TA SCaAN AZIMUTH OF TARGET I,

COMMAN NSCAN,NEXT,NUMTGRT,T,O0LDT,ENNTIY ,SMADE(30,20)
+PI,PIAVR2 ,TAAPTI,RADTAN, TAL(30),NSTAR,DWL (30)
P XYZI(20,8),XY2F(20,4),TRGPNS(2C,7),81GJAM(20)
¢ SIGTARCI0,3) ,FHY (20),STGMAH, ISWIT, TEMPRR
$SHIP(G) ,RC(30),RMADE(3U,12),IMADE(T0,2)

CAmMAN/R/ ENVIR(10),5UAC(30),RE,CNM,CCH,aCNN,RETA,

N PRTP(20),PILRZ, [KEYF, XKTANS, XNMTAM, TARCS, wVL ,FORPIRR,FAPISH
ChMMeN/C/ DEL(3I),VEL(20,3),VELMG2(20)
CAMMAN/ZTM/NTARG,NJAM,SPEEN(20),HEADT(20) ,HFADF(20),THANT(20),

1 TMANF (20),XMaNT (20, 3),XMANF(20,3),GTURNCR0G),TUPNC20),

CMC20,2),RADM(20),ITYPE(20),8LT(20,5),TALT(20,5),NALT(20)
CAMMAN /DFT3/ NDETI(20,%0),MERI(20),RANGED(20,9,39),A23(20,9,30),
1 SHNETR(20,9,30), TIMEZ(20),IKFY(20)
DIMENSTON Taz(20) .
CAMMAN/TS/ISTAT(20),TSCAN(20,30)

o N e

SET FLAG FOR PASTTINN cALCULATIANN AT TIME 7

IFLAG = ¢

DO 9D J 2 | ,NUMTET

J = TARGET NUMRER

TT = T

DETEPMINE TARGFT STATUS

ISTAY = ¢ TARGET INAQTIVE

JSTAT = | TARGFT ACTTIVE

ISTAT() = 9

IFCETT 1T, XYZI(J,4)) PR, (TT ,GT, XYZF(J,4))) G~ 1M 9O
TSTAT(J) = 1

CHECK FAOP AZIMUTH CBRRECTIANS

SCAN RATF TAKEN FRA&M RMEDE(1,5) FIr ALL AOCES
IF(IFLAG L,ER, 2) TT = 7T + (TAZ(JI/TwAPI)#RMADE(],5)

DETERMINE TARGET TypE
IF CITYPF(J) LEQ, 2) G~ TM 1}
N MANFUVER
DT 2 (TT w XYZICJ,4))/(¢XYZF{J,u) = XYZI(J,4))
PR 7T 1= 1,2
TRGPAS(JLI) 3 XYZI(J,1) ¢ DTR(XY2F(J,1) = ¥Y21¢J.1))
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CANTINUE
IF (ITYPE(J) L,EQ, 1) fin TA A
TRGPAS(J,3) = XYZT(J,3) ¢ DT (XYZF(J,3) = XYZ21(J,¥))
GO TH 20
DETERMINE ALTITUDF LEG
N oz NALT(D)
Nt 9 1 = 1,N
TF(TY  JLE, TALT(J,1)) GO TR 19
CHMTINIUE

TARGET Ok LEG I=)

TIME EXCEEDS TARGET FINAL TIME

TS = TTel600,

TSS = TALT(J,N)}«3600,

PRIMT 40p, 18, 1SS, J

FARMAT(1HA/SX, ICURRENT TIME'!,F10,2,' EXCEENS FIMAL TARGET TIME!',
1 Fi10,2.! 1N NEWPOS FOR TARGET!,IS/)

T 2 v

DI 2 (77 = TALTCJ,1=1))/(TALT(J,T) =« TALT(J,1I=1))

TRGPAS(I,3) ® ALT(J, 1) ¢ OT&(ALT(J,1) = 8LT(J,1=1))

CARRECT ALTITUDE CAMPANENT AF TARGET DIRECTIAN VECTAR

VEL(J,3) 3 TRGPAS(J,3) « ALT(J,Is1)

VELMG2(J) & VEL(Jp1)eVEL(J, 1) ¢VFL(J,2)%xVFL(J,2)+VEL(J,3)*VEL(J,3)
GA T 20

MANEUVERING TARGET

TARGET AT CANSTANT alLTITURE (TRGPRS(J,3) SET T4 TARGET)
IFCTT LF, TMANF(J))Y G9 7O 12

TARGET BEYAND MANEUVER

CELT = (TT e THMANF(J))aSPEED(J)

VEL(J, 1) = CAS(HEADF(J))

VEL(J,2) ® SIN(HEADF(J))

TRGRES(J,y1) = XMANF(J,q) ¢ DELTRVEL(J, 1)

TRGPAS(J,2) = XMANF(J,2) + DELT*VEL(],2)

GRh TH R

IF(TT 6T, THANT(J)) GA TN 15

TARGEY PRIAR TM MANEUVER

PELY = (TT = XYZI(J,4))+SPEENC])
VFLCJ,1) 3 CAS(HEADI(D))

VFL(J,2) ® SIN(HEADI(T))

TRGPAS(J,1) = XYZI(Js1) ¢ DELT#VEL(JI, 1)
TREPAS(J,2) = XYZI(J,2) + DELT*VEL(JI,2)
6N T3 18

TARGEFT “ITHIN MANFUVER R

DELT = (7T = T~ANT(J))ASPEED(JYI/RAOM(T)
AMG 2 HFADTCAY & TURN(JI2(DELT « PINVR2)
TOGPAS(J,1) 3 CM(J,1) + RADM(IIRCRS(ANG)
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058 TREPSS(J,2) 2 CM(J,2) & RARMEII*ST N (anE)
INS 6 AL = ANG 4 THRN(J)#BPIavR2
Hnsy VEL(T,1) 2 CNSCANG)
nasR VFL({Js?) = SINCANG)
J059 1A VELMG2(T) = VEL (T, 1) AVELLT 1Y+ VEL () 2)%VFL(J,2)
n6AN0 20 08 22 1T = 1,3
ey DFL (TYSTRGPAS(J,T)=S~Ir(])
00e? 22 CauyInugE
niey DRTAR=9S,248H]F (4)
Ha6ay FxzDEL (1)
"65 NYzNEL(2)
NOAAK D2aDEL(3)
c NGa CAMPUTE THF TARGET HRRIZGMNTAL ANGLE (CCA FRIn FAST)
407 2R TE (ARBINA) ,GT,0,000001) G2 T8 3
¢ THE TARGET 1§ AT PLUS PR MINUS P1/?
pUeA AYEMP = PIAVYRR
TGXX] TE (DY,GEL0,0) GY TR up
nnvao RTEMP 5 =PIRVRP
nn71 Ga Tt o4y
072 3¢ HTEMP =z ATAN(DY/DX)
ne7s TF (PX . BEL,0,9) GR T8 4
0074 BYEME o RTEMPIPT
007% 4o IF (RTEMP,GE,0,0) GO Ta S0
5076 RTFMP = ATEMP4TwWNP]
D077 50 TRGPAS(J,5)sRTEMp
AOTH IFCIFLAG LEQ, 2)Y 68 THh &2
[+ STARE AZIMUTH
anga TAT¢JY = TRGPRSLT,R)
ROTN] (SR e B XV
KRR S2 0 = SAPT(NXANX + NYedy)
nnap DHALFESART(ND)
nng3 TREPAS (I, 4)SSNRT(DOXRUX4DYEDYANT7 411 7)
c TIMEY AMD TIME ARRAYS [N SECANNS
aney TIFER()) = TT+x%600,
3PS TRGPNS(I,T) = D
LYY 1FCJ 0T, NTARG) GH 1A 2u
c NITP USED FSR TARGET CRASSSECTIAN CALCLLATINYN IN TARSIG
TREY: DETPLTY & (DELC1)RVEL(J,1I+DFLC2YIAVEL (J,2)¢DEL () #VEL (I, 317
1 (SGRT(VFLMG2(II)aTRGPIS(T,4))
TEEY: 24 1F (P,GT,0,00n001) Gd 1A 8%
c THE TARGET 18 NMw DIRECTLY SVERHEAD
JURG TPEPRE(I,0)EPINVKD
Jnan nr T2 ag
anaj S5 RalLHALF/95,2=8"TP(4)/DuALF
NneQ RRPIMESTRGPEHS LT, 3) /NeR R
BYAR S TRGPAR(J,6) = ATAN(RPRIME)
an64d IF (RRPIME LT 6,0 ,AND 0 6T NETARY GI TR A0
o THE TARGET HWAS “Uw BEFHN FALNN TR QF N STGHT
ngs G 7= 90 :
c THE FOLLOWING APPLIES TA aAn SUT BF SIBHY TARGFT
JRL-F BY TkaPAS(J,48)8=TR5BR5(J, )
anay TSTAT(J) & o
cNGa 90 CHMNTINIIE
o
C CHECK FRR AZTHMUTY CARRECTISN
4009 TFCIFLAG LEd, 2) RETPG
dlun IFLAG & 2
TREAI GR T8 5
G102 Famd
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SURRSUTINE RESAL (MREF,AFS,NTAR,SNPEF, INF,HT, TH3EA, N)
CAtMAY NSCAN,NFXT,NUMTET (T, BL0T,ENCTTA ,SMODE (30,2¢)
1 LPI,PIAVR2 ,T#8PT,RADTAN,TALIC30),ASTAR, NWL (30)
2 fXYZI(20,4),XYZF(20,4),TRGPAS(20,7),51GJ4a(2n)
3 PSIATAR(20,3),FHV(20),85IGMAH, TSHIT, TEMP R
4 ySHIP{Q),RC (V) ,RMANE(TN,12),I49DE(30,2)

NIMENST AN SNREF (20),INF(20)

NREF IS THE NUMRER OF QEFERENCE CFLLS 9~ EACH SIDE

RES 1S THE RANGF RESALUTIAN CELL DIMENSTAN

NTAR I8 THF TARGET O&F INTFREST

NY 1S THE MUMRER AF INTFRFERIMG TARGETS IN THE REFERENCE CELLS
INFC ) IS AN ARRAY 8F INTFRFERING TARGEY NUMRFRS

SNREF( ) IS THE STGNAL PMwER AF THF INTERFERING TVARGET

THIN® TS THE ANTENNA 3.DR REAMWINTH

i 1§ THE NLMARER AF TARGETS

NT=]) .

NELR= (NREF42)=RES

DA 20 Imi1,N

IF (T, FQNTAR) GR TA 2¢

TF (ARS(TRGPAS(I,4)=~TREPAS(NTAR,4)), 6T ,NELR) GA TA 2n

IF (ASS(TRGPAS(T,5)~TRGPASINTAR,S)) 6T, ,2,d4*THINI) GM Tr 20
MTINT 41

INF (MDY =T

CALCULATE SIGWAL ENERGY FAR THTERFEQING TARGET

CaLL STGNAL(T,PwR,SNREF(NTY)
CANTINUF

RE TR
FEND
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Ny SURETUTINEG BNGLFNIDELT 821 ,8P2,R1,92,5)

g CRvmlt NSCAN NEXT  NUMTART T 8 LT, ENDTTY L, SRADE(I0,20)
1 WPIGPIAVRA S TWART RADTAL, TAL(30),DSTAR, Dwl (30)
? P XYZI(20,4),XYZF(20,0), TRAPAS(20,7),81G14%(20)
3 fSIGTAR(29,3),FHY(20),51G¥8H, 1SWIT, TEMPKR
4 @ SHIP(9),RC(30),R*MNE(30,12),I40DEL30,2)

PAUR ] CAMMAN/BY FNVIR(10),SURCIIN),RELCNM,CCM,ACAN,RETA,
* hHTP(an),°ﬂLRZ,IKEYF,!KTSMS,XHMToM,TAPCS,hVL,FDPIQH,FHPISQ

Wnoy CAMMAN/FE /JHR,NHT

nnns I =1

Y 10 CONTINNE

0007 ASS = RE#S#§

000R Vi & SURT(1,42,*HR/ASS)

0009 V2 3 SORT(1,42,4HT/ASS)

0010 V oz (1,eVI)/HR & (1,¢V2)/HT

0n1 F = 4,8/V e DELTY

Unte FO = U,V ¢ B /ASS & (1,/VI+1,/V2)

onty FP 2 FP/(VxV)

0614 § = SeF/FP

0915 TF(ARSIF) LT, DELT/10,.) G T 20

016 TIF(1.67,10) GO TH 20

0017 1 = 14}

0018 G* TH 10

0019 20 CANTINUE

00290 ASS z PE282H

no21 TEMP = 2,4HR

a2 R1 @ TEMP/(S+SNRT((ASS4TEMP)/RE))

0ney TEVP 3 2,%uWT

n)o4 R2 =z TEMP/(S+8GRT((ASSLTEMP)/RE))

n02s SRY = SORT((RI*RI=HR*HR) /(1 ,+HP/RE))

26 SR = SQRY((RI2#R2«MTAHTYI/ (1 ,+HT/KEY)

noev RETUPN

nnea END
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SHUSBRAMUTINE SIGHAL(JTAR,PWR,STGREN)

JTAR = TARGET UNNER CONSIDERATIAM

PWR =z POWER REGCETIVED

SIGE™ = SIGMNAL FNERGY

CHUMMAN NSCANSNEXT ,MUMTRT, T,OLDT,ENNTIN ,SMEDE(30,20)
sPI,PTAVR2 ,TaOpPI,RADTAN,TAU(T0),NSTAR, DAL (30)
,XYZI(20'0).“2“20.4):TRGP,’JS(EH.H.SIGJA“(EM

pSIRTAR(20C,3) ,FHY(20),SIGMAH, TSKIT, TEVFR

¢ SHIP(Q),KC(3U),RMADE(I0,12),I¥ONE(30,2)

CAMMAN/BY FAVIR(10),SURC(I0),RE,CNM,CCH,ACHN,3ETS,
DATP(20),POLRZ, IKEYF , XKTA4S, XNMTAX, TARCS,wVL ,§0PTAR,FAPISQ

CAMMAN/H/FACU , AMRN , X JAMN , TKEYIG ) XX XXX

ravuRN/TY/ Paas,Han,YH;TBK,DPDcwn,YHH,THV,GH

CAMMAN/MAN/MANEL (20)

CAMMAN/STIG/RM, KA ,FS

CAMPUTE STGNAL ELFRGY FORP TAPGET JTaR

CAaLL T&RSIG(JTAR)

WYL 2300,/(RCELI+DHL (NEXT))

S B RMADE(NEXT,3)&RC(6)#PC(O)*aV *#wVL «TARCS

R = TRGPAS(JITAR,4)

RM g KaXNMTAM

PzRaP

HxR#R

RMT =z RaXNMTAMAXMMTIMAyNMTAMR XANMT Ay

Pwpr 2 SARC(RIERC(F)I«R¥ADE(NEXT,A)/(RMT*FOPIGR)

FHV(JTAR) = 1,

TF(RCLP2I NEL1,) M TI g9

FH =2 1,

AAY = (PRBS = TRGPAS(JTAR,6))

FV = BEAM(NAV,HC(S),RC(2),1)

FHY(JTAR) = FH#*FYV

TF(TRGPASCJTAR,6) LT, RMADECREXT,2)) GY Te S0
FHV(JTAR) 2z AMAXI(FRV(JTAR),NBNAKN)
CONTINLUE

FS =z PWR«RMANE (MFXT,u)

TEMPWR 3 ES

FS = ES#FHV(JTARI®FHV(JTAR)

CALL MULPTH(JTAR,JTAR,FAC)

FACH = FACSFACAFAC#FACL

CRvPUTE Tw3 WAaY RPATN ATTENUATIAN

R m 10,42 (o] EmdaRMAENVIR(4Y2UV | Aax(m] ,87))
CINPUTE SIGHAL ENFRGY

FS = FSAFACUXAMTHI(RMADE(MEXT,,12) ¢ TAU(NEXT) 1 ,) %A
SIGEN % ES

RETURN

FMNTRY MRISE(JITAR,EC,EN)

JTAR = TARGET UNCER COANSIDEwATIN
Fr = CLUTTER FNERGY
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gEreom MAISE ERERGY (INCLUDING JAMMING)

Eh = ROCTIRFC(1u)

Avan = FN

CAlCHLATE JAMMING (EJ) AND CLUTTER (EC) ENFRGTES

CALL JOM(JTAR,FJ,FC)

CA=PiITE RAIN CRNSS SECTION

BENCS 2 b TOBEmA+TALICNEXT)ARC(U)ARC(SIWRM #R™ swyl %4 (el)
«AxFLVIR(U)er] 6

CALCU'.ATF RATHN BACKSCATTER ]

FR 2 [S+RNCS/(TAKCSAFACUAFHV(JTAR)WFHV{JTARY ) ASHNNE (NEXT,2)
TEFPP = RRRS = RC(S)/4,

IF( TEMP,GE,D ) 6Y T3 40

INCLYIDE MULTIPATH AVERAGING FACTAR

EP 3 6.%ER

CAMPUTE NOJISE EHFRGY Ta INCLUDF RAIN RACKSCATTER AND RAI'.

ATTEMUATED JAMAING ENERGY

EN =2 (FEN + EF & EJ2RA/D IAFLMAT(IMADE(NFXT,2))

CAMPUTF FAIN ATTENUATED CLUTTER

EC 3 ECxRARFLOAT(TIMODE (NFXT,2))

RETURN

END
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SURPEDBITINE TAWGE]D

TYPES AF TARCET FLIGHT FREFILES

(TYPE = ¢ PFOFILE CAMNSISTS AF STRATGHT LINE TRAJECTRPY FRAHM
INTTTAL PASTTIAN TO FINAL PRSITION, CrNSTAMT SPEED
1S DEYFR¥INED FEOM TIMES SPFCIFTIED FAP THESE
PASTITINNS,

ITYPE = 1 It ADDITIAN T2 INITIAL ANC FIMAL TIMES AMDC PPSTTIANS,
FRuM 2 T# 4 ALTITUDPF LEGS ARE DEFINEN RY SPECTFYING
1 TR 3 LI YTTUDE NODES AMD CRRRESPANDING APRIVAL
TIMES, PRAFILE CANSISTS OF STRAIGHT LINE
TRAJECTORTIES RETWEEN MAPES, WITH PRAJECTIAN BF THE
PRAFILE AN THE XeY PLANE & STRAIGHT LINF FETwFEN THE
INITIAL anNP FIN&L PRSTTINONS,

I1TYPE = 2 PREFILF Is DEFINFD AT A CANSTANT ALTITURE AMD
CENSISTS AF A STRFAIGHT LINE TRAJECTARY FR&M THE
INTYIAL PASITION WITH THE DPEFINED SPEED AMD HEADIMG
TR 4 SPECTFTIFD PRINT IN TIME AT WHICH THE MANEUVEP
BEGI%S, THE MALELIVER @CCURS IN THE HERIZOMTAL PLANE
ACCRPDING T8 THF SPECIFIFC GeCAPABILITY, Tkt
MANFUVER TFRMINATES WHMFM THE TARGEY IS HEADING TRwaRD
ITS FINAL PHSITIAN, AND THEM PRACEENS IN A STRAIGHT
LINF TRAJECTARY,

CHENvAL NSCANGNFXT  NUMTGET, T,ALDT,ENDPTIM ,SMBDE (X0,20)
pFI,PIRAVKY ,TWHPT ,RADTAN, TAU(3N),08TAR,DWL (30)
pAYZI(20,4),XYZF(20,4), TRCFRE(20,7),516Ja%(2¢)
PSIGTAR(DPQ,3),FHY (2N) ,STGMAK,ISWIT, TEXPER
P SHIP(O) ,FC(J0) , RMADE (R0, 12), IMPDE(3C,2)
CRumMEN/B L ENVTIF(10), SURCLIC) ,FE,CNM,CCH, ACRN,BETA,
* BETP(26G),PPLRZ, TKEYF  XKTAUS XNMTAY , TARCS, hVL ,FOPIGR,FARTSN
CRMMBL/E JA(20,0)
CRMMON JUML/MRNEL (20)
COMMON/TR/HTARG , K JAM, SPEEDC20) , HEATT(20) ,HEADF(20),T+AM1(20),
1 THANF (20) ) XMANT(20,3),XMANF(20,3),6TURPN(20Y, TURN(20),
2 CH(20,2),PADM(20) , ITYPEC(20),ALT(20,5), TALT(26G,8),NALT(20)
DIMENEIAN CARD(TIG) ,DEL (Y)Y
REAN 2, NTAPG, NJAM
FAPMAT(215)
PRINT Bng, MTARR, NJAM
FapMaT(/t NUMBER AF TApGFTS = 1,12,5%,' MUMEER AF JAMMERS = ',1)
CUMTGT = NTARG ¢ NJAM
J=zon
M oQu R & T,PUMTET
J = 4
READ ky, (XYZI(J,1),151,4),
1 fXV7F(w'IT;I=1,U)'(SIGTAP(J 13,121,3), QTGJD"(J) MAGELCT)

E= A Ve
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g7 6 FIRMAT(12F6,2,13)
[RUR TS PRINT 00, Jo(XYZICJ,1),121,4),(XYZF(J,T3,151,4),
1 (SIGTAR(IL 1), 1%1,%),STGIaM(J),MHuDFL (J)
w19 00 BAPMAT(/, Y INPUY PARAMETFRS FAR TAFRGET ',12,' AREY,4F14,2,7,40Y,
1 4Fto,2,0Fe,2,18)
C SCALE TMPUT TA NaUTTCAL MILES, HHURS, AMD RADRIANS FOR INTERNAL
C CALCULATIANS
Lu2y um 7 1 =2 1,3
vopy XYZI(J, 1) = x¥Y21(J,1)/6,0R02
nnpp AYZF(J, 1) = XYZF(J,1)/m 0802
[V} 7 CANTINUE
enPd XYI‘[(J,Q):XVZ!(Jlu)/lb(’“-
fn25 XYZF(J,8YSXYZF (J,4)/3600,
[AEXY STGIAM(IY = SICJAM(T) /1 ,0F46
cu2l RELD B, ITYPE(J), (CARN(T),I=t1,7)
GO28 & FOARMAT(TU,7F6,2)
C CHECK FAR TYFE OF TARGFT FROFTILE
np2Q IF (ITYHEC(T) (EQ, 0) Go TA 99
5030 PRINT Rug, 1TYPE(J), (CAPR(I),I=1,7)
Gud B00 FARMAT (/91X ,10,5%X,7F10,2)
0032 IF (ITYPF(JY NE, 1) Gm TO 10
c ALTITULE LEGS
L1033 MALT(JY = CARND(YL)
He3d Nz MBLT(J)
Gn3sS T (1 GT, 3) & 2 3%
c HALT UPDATED T® CoNTAIn N&, BF AL TITUDE NONDES PLUS TuB  (FOR
[« TMITTAL enMP FUNAL ALTITUCFS)
036 NALTC() = N + 2
G037 ALT(JI,1) =2 xY21(J,3)
COTR TALT(J,1) = XY27(J,4)
ce39 ALY (I M ALT(I)) = XYZF (3,3}
ngag TALT(I,MELTCIYY = YY2F(¢J,4)
¢ STERE IMYERMENTATE SLYTUNE NODES
Lodl ne o 1s1,N
nnu ALT(J,T+1) 5 CARD(24T1)/6,0R02
toud TALT(JI,T141) = CARD(2*T141)/3600,
npul 9 CANTIMUF
[RTTLY tr Te en
c MALFUIVEFR
Ghue 10 1IF (ITYRF(J) ,ED, 2) GAa T* 1S
Gouy FRINY 100, J, 1TYPEC(J)
LOLR 100 FORMAT(YRG,S5X, 'TARGET?, 13, HAS UNDFFIMED TARGET TYPE!,13,
1 ' TARGET DELETED'/)
nouo J 2 J =t
CUBN IF(K LE, NTARG) NTARG = NTAFG = 1§
rosy TF(K 6T, NTAPR) NJAM 3 MHJAM = o
npR2 Gr TR Q0
DL | 15 SPEEN(TJ) = CARD(I)I*3b0(¢,/6,0R02
0%y REARTI()) = CARDCR)/PARTAN
GuRS THMANT(JI) =5 CARD(3)/300¢,
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CTURNCI) = CARU(4I*3I2,1723600,23600,/6C80,72
TREPNS(J,3) = xYZ1I(J,3)

SCALF ILPUT TR MNANTICAL MILFR, HRURS, AND RADTANS FBE JNLTERNAL
CALCHLETIENS

TARGFT MAMEUVER PARAMETERS

CBLCULATE TARGET BEGIM AND END MAMFUVER PRSITIANS Ik XeY PLAME
TARGEY EMDS MANEUVFR Fa HEARING TOWAFDS FIHAL PBSITIAN

TARGFY PHSTITIRN AT REGINMNING OF MANEUVER
CFLT B (TMANT(J) » XYZT(J,4))*SPEEN(J)
XMANT(J,1) = XYZI(J,1) ¢ DFLT*CHAS(READI(J
XHANT(J,2) = XYZT(J,2) + DELT*SIN(HEANT(J
CETERPMINE DIRECTIRN BF MANFUVEP

TURPN = 1 CCw MANFUVER

TURN = w1 Cw MANELIVER

CAMPUTE HEADING €F VECTPR FKP™ THRGET FASITYAN XMANT TR XYZF
DELCY) = XYZF(Jp8) = XmaNI(J,1)

PEL(2) = XYZF(J,2) = XmANTI(JT,?2)

XHEAD & ARCAS(NFL(1)/7SQRTIDEL (1)ANFL(1)40EL (2)#*DEL(2)))
IFC(DEL(2Y (LT, 0,0) XHEAD 5 TWPPY o XHFAD

TURN(J) = 1,

FIGHT manD TURN ASSUMEN FAR 180 PEGRFE TURN

HTEST 2 HEADI(J) + P

TF(HTEST LGE, TWPPT) Ga 18 25

TECOXHERD LT, HEADT(J)) BR, (XMPEADN ,GE, KTEST))

1 TURKET) 5 =1 #TURN(I)

G* T 30

)
D)

2% HIESY = HTEST = TuwRrpP]

TEOOXHF AL LY, HEADT(J)) LANE, (YWEAD ,GE, HTEST))
1 TURN(TI) = =1 »TUpMN(J)

+ CANTINUE

CALCULATE CEMTER AMD RADTUS MF “aMELVFF CIRCLE

FArMEJY s SPEEN(JII*SPEENCT)/LTURM(T)

CM(J,1) = XMAMI(J,1) 4 FADM(J)#CAS(HEADT(J)4TURN(JI*EIbVR2)
CM(J,2) 5 ¥MANT(J,2) + RADM(JISINCHEATT(J)4TURNCJ)*PTOVED)
DFTEPHINE JF MANFUVER PRSSIRLE

CAYPLTE NISTANCE FRUM oM TR XY2F

PELE1) = XYZF(J,1) = CM(J, 1)

NELEPY = XYZF(1,P) = Cu(J,2)

DELR = SORT(RELE1I*DEL (1) + UEL(2)ANFL(2))

IF (TCFLE LGE, RADM(J)) GF T8 7%

IMPASSIRLF MANFUVER

PRINT 4pt, J

40 FORMAT(1HG, 8%, 'MANENVER JMPOSSIRLE FPR TARGET', 13,

1 ' TAKGFT DELETEN'/)

J = J -1

IF(K (LF, MTARPGY NTARG = KTARG = |
TF(k ,GT, NTLRGY MJ&M 2 MJAM o 1
GR Th Qg
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c
C CETERHINE TAFGET PASITIAN AT FMD #F MANELVER
[«
Y 75 STRR = RACDM(JI/DELK
GORY CnSA = DFLI1)/NFLK
LORR SINA = DFL(2)/NFLF
npRY ANA = AFCAS(CASA)
neop AMR g ARSIM(STHR)
c PETERMINE QUADRAYT OF xYZF RELATIVE TH C™
6091 R TF(SINE ,GE, 0,) GN TR RS
C QUADRAMTS 3 AND 4
wnga HEADF (J) & TwePI = AnA ¢ TUFM(J)#ANR
a3 R TH FH
C QUARKALTS 1 AND 2
LY KS HEADF(J) = aMA ¢ TURN())*ANE
cnes BR PHEAN = TURN(JI#(HEAOF (J) = PEADII]))
n0GS6 RQ IF(RHEADL (LT, G,) DHEAp = DREAD & TWfPI
[T AMANF (J,1) & CM({J,1) + RAPM(I)#CHS(READF(J) = TURN(J)*PINVR2)
NOR YMANF (J,2) 8 CM(J,2) + RADM(J)Y*SIN(HEADF(J) = TUFRM(JI*PTIAVRE)
099 TMAME(J) = ThALI(J) ¢ DHEARXSPEEN (J)/GTURN(J)
c
C CALCULATE TIME TAPGET aRRIVES AT FIHal PESITINN
groo0 DELCY) = XYZF(J,1) = XMANF(J,1)
010t PELC2) & XYZF(J1,2) = XwmanF(J,2)
0102 PELR = SOFPT(DFL(1)#DEL (1) + PEL(2)ANEL(2))
103 XYZF(J,4) 8 NFLR/SPEED (J) + TMANF ()
0104 90 CHONTINUE
t1o8 MUMTRT & NTARG + NJAM
c SET UP APRAY FOR TARGET CRRSS SECTIAN CALCULATIONS
ci06 D% 9% J = 1,MTARG
0107 A(J,8) = (2.*S1GTAR(J,3) + SIGTAR(J,2))/3,
AL A{J,3) = (3, %SIGTAR(J,1) + SIGTAR(J,2) = 4, x8(Je))712,
©t109 B(J,2) & S5,%A(J,3) = SIGTAR(JI,1) + A(J. M)
0110 BLJ,1) & 2,%8(J,2) = 4 _*Aa(J, V)
n111 og CONTIMUE
gtte RETURM
0113 EnD
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oy SUFRNLTINE TARSTIGC (JTAR)
L g
[ cJTeP = TARGET! MUIMRER
[#
rung CREMER MSCAN, NEXT  BUMTET, T,ELRTENDTIM ,EMELE(30,20)
1 2C1,PIBVRPR L, THRPT,RARTAN,TAUI(RN) , HSTAR R (30)
' PXYZT (20,6, XYZF(20,4), TROPES(20,7),51GJ48%(26)
3 P STGTBRIPD,3),FRV(2G),STIGMAM, ISWIT, TEMPRR
U ySHIF(9),RCLEDY ,RMOPE (30,12),T4ADE(30,2)
cocy COCOEMBEZHY FNVIR(10),S5U00C(3C),FF,CNM,CCM, ACPN, RETS,
* LATP(Q0),FOLRZ, THEYF ,XKTAMS , XNMT M, TARCS VL ,FEOPTRRE,FAPTSG
caed CRMMENZE ZA(20,4) .
w0os DIFVENSTON TEMP(4)
to0g TEMP(1) = POTP(JTAFR)
G007 nA 1¢ T & 2,4
rorng JO TFMP(I) 2 2, *TEMP(Tw|)ar2ey,
tenNg TARCS o L(JTARLAIY & A(JTAR,II«TEFP(4) ¢ 2 {JTAR,2)*»TEMP ()
1 ) e AGJTAR,1I*TEMR(2)
HiOrn HETUPRE
[N ENF
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vont SUERGUTIME UFUM(Z,CA,CANS)
unne COMMMN NSCAN,NEXT ,NUMTGT, T,0LDT,ENDTIM ,SMEDE(30,20)
) 1 sPI,PTIBVRZ ,TWAPI,RANTAN, TAUCR0),NSTAR,DKRL(30)

] P XYZIU2C,4) ,XYZF(20,0U),TRGPOS(20,7),851GJam(em)
3 ySIGTARIR2U,3),FHV(20),SIGMAH,ISKIT, TEMPKR
[ ¢SHIP(9),RC(30),RMANE(30,12),1M0DE(30,2)

GO03 CrMPON/R/, FNVIR(10),8URC(30),RE, N, CCM,ACEN,BETA,
* DRTP(20),PRLRZ, TKEYF ,XKTOMS , XNMTAM , TARCS, %V ,FOPIGR,FOPISA

0004 CAMPLEX CA,CANS,C1,CXP3,02,CA8,C23,CA13,CF1,CFIP,CGY,CGTP

. * ,CF,CFP,CG,CGP,CHZ,CPZP,CDZ.CDA.CZU,CMUoCCE,CCEA

* ¢CC,CCP,CATIR,CAIRP,CFM,CFPM,CGM,CGPM,COLDA

oens IF(ISWIT EG,1) G T8 5

0006 CT & (0,0,1,)

0co? XC1 = ,38502F 0539

cuna ¥XC2 = ,25BB1GQUORR

0009 KTP] ® SQRT(PI)

0010 CXPY = CEXP(CI#PI/3,)

001} Cay = CasCYP]

0wl ‘ arz = 0

0013 ) S COMTINLE

no1d IF(Z,EQ,0LDZ) G TF 80

ve18 fLD? = 7

0ote CZ 3 (Z+CA)*CXP3

0017 IKEY = 0

Co18 ) TF(CARS(CZ),GT,3,) IKFYy = IKFY+]

no1e IF(CARSICAY),GT,3,) IKEY = IKFEY+

nogo IF(I¥EY, EQ,3) GH T8 {0

no21 TF(ISKIT kO, AND,TKEY EQ,1) GO TE& 1¢

np2 €23 = (22C74+C2

0023 Ce13 = CALxCa1nCAY

0024y ' CFI = 1

6025 (FIP =z 0

uee CGT = Cat

0027 cGIP = ¢,

6028 CF¥ = 9,

0029 CFPM = 1,/CA1

noxo tG™ = (2

031 CGPM 3 9

nr32 : XMULY = 1

N3y : xviLe = 1

0034y 1=zt

0n3s 20 1 = Ted

YR TS XMELY =B XMULIZ(3xI%(3x1et))

nezy XMUL2 = XMUL2/7((3%x141)a3+1)

003R CFr & CFM#C73

HEL CFEM = CFPMaCA13#(3I*])/(MAXN(1,3%]=3))

neuo TCGM B CGMACTY

vodan CGF™ = CGPM#CAIZ&(3In]ey)/(34]=p2)

nng CF = XMLL1*CFM
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CFP = aMIiIL)+CFPM
Ch & XMUL2HCGW
COGP = XMUL2PCRFM
(Fl = CFI+CF
CFIP = CFIP+CFP
€6 = CGI+CH
CGIP = [GIP4CGP
TKEYY ® TKEY#?
GM T (22,723,243, IKEYY
e IF(CABS(XCI-(F-XCZ*CG).LT..OOS*CAFS(XC1*CFI-XC?*CGI?.Ann.

* MRS (XCINCFPaXCR#CGP) LT, ,00G#C4BS (XCI*CFIP=XCR4CR1IF))
* Gr TO 21 )
Ge TR 20

23 IF(CABS(XCItCFP-XCZtCGD).LY..OOS*CABS(XC!*CFIP-XCZtCGIP))
* G* T& 2¢
(LI LA
24 IF(CABS(YCltCF-XCE*CGJ.LT..ODS*CAHS(XC1‘CFI-XCZ*CGI))
* gn TR 21 .
Gh Tr 20

2t CENTINUE
IF(IKEY FG,1) GA TF 25
CH2 2 C1%3,02617+(XCI4cFI1=XC2*CGT)

25 IF(IKEY,LT,2) CHZF = Crt3.0?bi7*(¥C|tCFIP-XL?*rGIP)*cxps
IF(IKEY, EQ,0) GR TE 70 :
TFCISWIT, EG,1,AND TKEY EG.2) 6 ™. 70

10 CONTINUE ) B ’

ChZ = 2,73, #CEXPC1,5*CLAG(CZ))
CPA & 2,73, #CEXP(1,5+CL 0G(CA1))
CZ4 = 1,/CSART(LSIRT(CZ))

CA14 = CSGURT(CSBRT(CALY)

CCE = CEYP(=CDZ)

CCFA = CEXP(=CDA)

CC 2 S«C2uxCrE/RTIF]

CCF =z =,5*xCA14*CCEA/RIPT

XMULY & 1,

CAIR =

CFH 2 1,

CAIFP £

CFPM = 1,

1 =0

4n 1 = T+1
K = 6x]=1
pe g0 J e 1,3
XMULt & XMULTeK
b 2 Ke?

5S¢ CANTINUE -

YMULL & XMLL1/(216+13(321=1))

CFM = CFM/CPZ . .

CF 3 XMULI=CF™

CFPM = CFPYs{{b%x141)/(1=6+1))/CDS
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nNe9 CFF x XMULI*CFPM

L0en CAIR = CBIPe(m1)sn]nCH

nyay CAIRP = CAIRP4(=1)4slsgFP

092 Gh TO (81,52,53), IKEY
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noog (L )

5098 S2 TF(CARSICFP),LY,, fu2) @GR TR o

“Hoe G TR an :

gnay 53 IF(CARS(CFI LT, 002 AND,CARS(CFP),LT,,002) GA TA a0
98 G TR 4g :

cnag 60 CANTIMNUE

t1ee IF(IKEY ,NEL,2) CH2 2 CTa%,026174CC4CATR

CLed TF(IKFY, GE ,2) CH2P = CI*3,02617¢CCP+CATRPaCXPY
0162 70 CANTINUE

U103 CANS = CI%CHR/CHRP

0104 COLDA = CANS

(1458 PETURN

G106 BC CANS = COLDA

ciny RETURN

cieg ENE
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