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SURVEILLANCE RADAR DETECTION (SURDET) PROGRAM

INTRODUCTION

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

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

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

Model Overview

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

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

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

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

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

SURDET currently exists in two versions: SURDET2D to be used with 2D radars and
SURDETS3D to be used with 3D radars. Although the majority of the subroutines in SUR-
DET are common to the two versions, SURDET2D and SURDET3D each has a unique
executive routine plus a small set of unique associated routines. The second section

describes the SURDET2D routines, and the third section describes the SURDET3D routines.

These sections also describe the required user input, which differs slightly between the two
versions. The fourth section describes subroutines common to both the SURDET2D and
SURDETS3D versions of SURDET. Therefore the reader should consult both the second and
fourth sections for a complete description of all routines comprising SURDET2D and the
third and fourth sections for similar coverage of SURDET3D.

Future Growth

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

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

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

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

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

- R




NRL REPORT 8228

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

ROUTINES EXCLUSIVE TO SURDET2D
SURDETZ2D Executive Routine

The SURDETZ2D 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 2nd 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 deta input cards. (The next
subsection describes user input, and Table 1 describes the variab. ™-a first card contains

the output-control parameter ANS1, which determines the amou: d output pro-
duced. The options include no output printed (ANS1 = 0), only the « sutput
printed (ANS1 = 1), and the detailed output printed (ANS1 = 2). The se iput card

contains the run identification, which consists of an integer radar identif’ a...n followed by
alphanumeric descriptive information of the user’s choice. The reader identification is used
to label the output disk files for subsequent use as input to the MERIT tracking program

[2].

SURDET2D monitors the input of the scenario data by calling a sequence of sub-
routines. Subroutine INITAL reads the radar data, subrcutine 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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define scenario by input parameters

INITIAL 1 TARGET »: ENVIRN
‘ initialize ciutter and roll/pitch

—1 —

(FCINIT) -»{ (VCINIT) +{ (STBINT)

]

calculate current
target positions

initialize ﬁ targets

MATCH »| NEWPOS
¥ S e ; determine merge multiple
calculate signal-to nous(,{'ratlos Siraat Hothetions tat def‘CCtIOHS
SIGNAL o e
BEAM |= = (NOISE) - MWDET MERDET
r = — = =q
1 ' ] | calculate | the effect
| ] 1 | of roll | and pitch
TARSIG [$=====t } Cecq ) ¢ Y
[ ]
JAM 1 RESOL STAB2
|
|
e e e | determine
B e . > | | clutter J detections
' ' | | /
] -
BEAM CLTSIG L . MULPTH FXCLT2
L
r - - - - - {
GAIN = e == = RNGCEN }= = = = UFUN VRCLT2
]
|
BEAM

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 detectic: 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
VRCLT?2 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 retumed 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 scenacio 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 trar.sferred to the point where subroutine
ENVIRN is called;

® All runs are completed.

¥
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Table 1 — SURDET2D Variables

Fortran Variable

Description

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

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 lth 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-1 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-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
(10logyo e)

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

S

Table continues.
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Fortran Variable
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Table 1 (Continued) —SURDETZ2D Variables

Description

DBN
DWL(J)
ELEV(IL,K)
ELOUT(L,)
KNDTIM
ENVIR(3)

FAC4
FOPIQB
FOPISQ
GN
IANS

1C

ICN1
IMODE(J,1)
ouT

ISC
ISTAT(I)

ISWIT

ITITLE
v
MER(1)

MUL

NC(K)
NCONZ
NDET(1)
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
(4m)2
One-way antenna gain
Recycle run control:

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

ment

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

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

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

0 = target is inactive

1 = target is active
Frequency indicator:

0 = frequency of the current scan mode is different from the

previous mode

1 = no change in frequency from the last scan mode
Array containing alphanumeric run identification
Number of fixed and variable clutter detections on the current scan
Indicator of interfering-target problems with respect to target I:

0 = no merging problem

-1 = merging problem with target I, target detected
-2 = merging problem with target I, target not detected

Multipath indicator:

0 =no multipath

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

Table continues.
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Fortran Variable

NREF

I NSCAN

NTARG
OFR

PEBS
PITCH(T)
PTOUT(K)
RADIAN
RANGE(ILK)
RC(1)
RC(4)
RC(5H)
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
RKFR

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

ROLL(T)

DAVIS AND TRUNK

Table 1 (Continued) —SURDET2D Variables

- S, 50k

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 |
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 1
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
<20 = 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)
Sean offset for mode 1 (h)
Instrumented range for mode J (n.mi.)
Karliest 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

SMODE(J,1)
SN

SNDET(I,K)

XYZF(1,4)

Blanking range for mode J (n.mi.)

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

Signal energy of the kth centroided detection of target |

SNTRUE Signal energy

SOUT(K) Signal energy of the kth clutter detection

T Curr. nt 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(1,J) Time when target I comes within the instrumented range or radar
mode J (h)

\% 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

Time when target I reaches the endpoint of its trajectory (h)

Fortran Variable Description
ROUT(K) Range of the kth clutter detection
SHIP(5) Heading of the ship (rad)

SIGC Total sea-clutter energy

Input for SURDET2D

An engagement scenario consists of a radar, one or more targets to be detected, and an

optional number of sources of jamming radiation (subsequently referred to as jammers) set

in a specified environment. The number of targets and jammers together is limited to 20.

The required input information is divided into the definitions of the radar, targets, and
jammers, an environment with optional clutter, and output and recycle control parameters.
The data cards required are:

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

0 = no output printed,
1 = only the detection output printed,
2 = detailed output printed;
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Data card 2—title card (14, 19A4 format):

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

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

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

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

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);

b9
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Data cards 5 and 6 (one set for each radar scan mode)—15 parameters for each mode
(10F8.2/5F8.2 format):

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),

10. Compressed-pulse length (us),

11. Sea-clutter improvement factor (dB),

12. Intermediate-frequency bandwidth (MHz) (if 0, the bandwidth is set at 1.0/
compressed-pulse length),

13. Mode-dependent frequency increment (MHz),

14. Blanking time (us) (if 0, the blanking time is set at the pulse length),

15. Rain-clutter improvement factor (dB);

000 =N B OovE G3ae

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

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

10
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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) (215 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, z) (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 (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 (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 ignared 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




DAVIS AND TRUNK

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

)
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.

R

S0

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 (2I8 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):

G G2k 1

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 tlre clutter area (deg);

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

1,
2.
3.
4.

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 (15 format):

1 = a new scenario is to be read, with the next data card being data card 1,

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

3 = current radar and target parameters are to be retained, but a new environment
is to be read, with the next data card being data card 11,

4 = all runs completed.

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

Output from SURDET2D

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

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

TARGET Target number,

MODE Radar scan mode number,

TIME Time of the scan (s),

RANGE Slant range of the target from the radar (kft),
AZIM Azimuth angle of the target (deg),

ELEV Elevation angle of the target (deg),

SIGMA Radar cross section of the target (m2),
FACTOR Multipath pattern-propagation factor (dB),
ESIG Signal energy (dB re 1 J),

NAMB Ambient noise (dB re 1 J),

NCLT Clutter energy (dB re 1 J),

NJAM Jamming energy (dB re 1 J),

E/N Signal-energy-to-noise-energy ratios (dB), with the first ratio being

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

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

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

13
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Lines 9 through 28 are the data constituting the output record written on logical unit
I0UT 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, Li.en 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 =e7./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

R,":Rs"(RF-Rs)(l" (2)
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and
0,-=US+(0,,--OS)V,', (3)

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, 0 g and 0 are the initial and final azimuth
houndaries 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 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, (4)
where
K = integer {[R; + og(- 2log U;)/% cos 2nV,]/AR}, (5)

in which o is the measurement standard deviation and U; and V; are uniformly distributed
random numbers. The error in azimuth is

€, = 0, (- 21og U2 sin 21V, 6

a 7] g l) s us 12 ( )

where 0, is the standard deviation of the azimuth measurement. The angles of roll R and
pitch P at time T are

R =R sin (20t/Tp + ¢g) -
and y
P = Prygy 8in (27t/Tp + 0p), "

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 |sinacos R + (cos asin P + tan e cos P) sin R
a,, = tan e ; e, (9)
cosa cos P - tan e sin P
and the measured elevation position e,, is
€m ™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;= Ty + (AT)0,/2m, (11)

where T, is the time of the start of the scan and AT is the scan period.
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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 m 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 e,, = 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 Eq. 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/w

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 (R 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 (g, in Eq. 6)

Standard deviation of the range measurement (0p 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 in Eq. 11)

Table continues.
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Table 2 (Concluded) — FXCLT2 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 (f/g in Eq. 3)
TIMSCN Scan period (AT in Eq. 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, burmthrough, 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-pattem 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 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 (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 0 is entered, the blanking time is set at the
pulse length),
SMODE(J,2) — rain-clutter improvement factor (dB).

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

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

RC(15) — number of reference cells on each side of the target cell,

RC(16) — clutter correlation coefficient,

RC(17) — number of standard deviations used in the threshold (determines the prob-
ability of a false alarm), :

RC(18) — number of detections that can be missed with the detections still merging
into a single detection,

RC(20) — video-type indicator (0 = linear video and 1 = log video),

RC(21) — number of reference cells used for the threshold (0 = all cealls 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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v -
® 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.

—

4

Table 3 — INITAL Variables

Fortran Variable

Description

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

MILLION
MM
NSCAN
PI
PIOVERZ2
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 (Bp7,, 1) rounded to the nearest integer for mode J, where
B is RMODE(J,12)
106
Effective number of pulses integrated
Number of scan modes
3.1415926536, or w
One-half of 3.1415926536, or m/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 = csc2 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
gnerging 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

&

|

N ——

Table continues.
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Table 3 (Concluded) — INITAL Variables

= = o — e e -

Fortran Variable Description
e e ,",-[, e ———— TS e e —— o o e A T i T e e — e
RC(22) | Parameter to denote whether the mean (RC(22) = 1) or the mean l
| 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) (Byp)

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 to 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)
ll TWOPI Two times 3.1415926536, or 27
J
Subroutine MERDET

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, A;; be the initial azimuth, F;; be
the final azimuth, and Rq 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 ij) 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

Aj SAySA3 <. <Ay | SAy. (12)

A detection is inhibited if it is close to another which has a smaller initial azimuth.
Specifically, detection i is inhibited by target detection j, which has previously been
accepted, if
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A; <A4;, (13a)
IR; -R;| < AR, (14a)

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

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

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

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

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

Table 4 — MERDET Variables

¥ ortran Vanable Description
SRR
A Initial azimuth of the jth detection of the ith target (AA in
Eq. 15)
ACONZ Azimuth interval used to inhibit detection (AA in Eq. 15)
AZ(1,2J-1) Initial azimuth of the jth detection of the ith target which has
a target close by (A, 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)
AZ{1,d) Azimuth of the jth detection of the ith target (A in Eq. 16)
I Number of detections
K Number of ordered detections (M in Eq. 12)
KC Counter used for ordering
KDET(I) Detection index of the ith ordered azimuth s
L KDTT(I) Detection index of the ith ordgred inhibited azimuth :
j Table continues.
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Table 4 (Concluded) — MERDET Variables

Fortran Variable Description

KK Number of accepted detections

KTAR(]) 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,J) 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,J) Signal amplitude of the jth detection of the ith target
Subroutine MWDET

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

The routine initially tests whether appropriate input parameters (Table 5) are less than
preassigned values: the number of pulses integrated M is less than 100, the number of
reference cells 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,
the target of interest, by the jth mode NDET(NTAR,J) is set to 0, and control is returned to
the calling routine. Otherwise the detailed simulation is begun by finding all the targets
which lie within the reference cells of target NTAR. The list of interfering targets INF is
initialized by setting INF(1) = NTAR, and the corresponding signal energy SNREF(1) is set
equal to the target energy S. The remaining interfering targets are found by calling sub-
routine RESOL, which calculates the number of interfering targets NI, lists the index of the
interfering targets in the array INF, and lists the corresponding signal energies in SNREF.

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

0=A+(U-0.5)A0, amn

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

0o =06 -201A0, (18)
Furthermore, since only M pulses are within the 3-dB azimuth beamwidth, all 401 pulses
need not be generated when M < 100. Specifically, for the target of interest, the signal will
be assumed to occupy the center 2M pulses. Also, to allow for the buildup and decay of the

moving-window detector, M noise samples are generated on each side of the signal return.
Thus, the first pulse generated is

NS = 201 - 2M, (19)
and the final pulse generated is
NF = 201 + 2M. (20)

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

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)
retum in the appropriate range cells. Specifically, the index of the first range cell is

NF=11"NR, (23)
and the index of the last range cell is
NL=15+NR' (24)

Thus, if Np = 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 O for all i and j. Then t{le 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)

Fi=1, i=1,..,M. (25)
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b For NSW = 1 (scan-to-scan fluctuations, Rayleigh density)
4 Fi=-logl;, i=1,. M. (26)
For NSW = 2 (pulse-to-pulse fluctuations, Rayleigh density)
Fi=-logU;, i=1,. M. (27)
For NSW = 3 (scan-to-scan fluctuations, chi-square density)
F;=-05(logU; +logUy), i=1,.. M. (28)
For NSW = 4 (pulse-to-pulse fluctuations, chi-square density)
F;=-0.5(log U; + log Up ), i=1,.., M. (29)
The signal is next placed in the appropriate range cell and the adjacent range cells by
reducing the returned signal by a [(sin x)/x]2 pulse shape and a [(sin x)/x] 4 antenna pat-
temn. The return signal from the kth target is centered in range cell K R
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

KT=KR+]’ I=_110) 11 ‘31)

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

F = [(sin F)/F ]2, (32)
where
Fy=2.1832(R), - Rp)/AR, (33)
in which
3 Ry = (Kp + 0.5)AR + Rg. (34)
At this time the indicator I(K ) is set equal to 1.
3 2 The closest pulse (in azimuth) to the kth interfering target is
k. NC = integer [(A;, - 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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to
NNF = min {NF,NC + M} . (37)
Therefore, for the ith pulse, the signal reduction GG due to the (sin x)/x antenna pattern is
G = [(sin Gy)/G 41", (38)
where
Gy =2.7832(0 +iA0 - Ap,)/034p, (39)

in which 0 34p is the antenna 3-dB azimuth beamwidth. Finally, the signal (normalized by
the clutter energy C and noise energy N) in the K.th range cell (for the ith pulse) is

Sl.l\'r (new) = Si,K«, (old) + GFF P, /(C + N), (40)
where P), is the signal energy of the kth interfering target.

The calculation indicated by Egs. 38 through 40 is first repeated for all pulses spe-
cified by Egs. 36 and 37. Then the calculation indicated by Eqgs. 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[', is the signal energy in the ith pulse and jth range cell due to all the targets in
the reference cells.

Next Rayleigh noise (and possibly correlated clutter) 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 (/(j) = 0)

x;; = (-2 log UM, el LM, (41)

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 (/(j) = 1)

xy; = {lag cos ¢; + (28;)' 212 + (o, sin ¢)?}1/2, 9
where
@, = (- 2 log U1/ (43)
and
¢ =2mU; . (44)
26
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For clutter significant (CM > N)
x;; = {[CX; + o; cos ¢; + (28;))12]12 + (CY; + ; sin ¢;)2}, (45)

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

o; = N'(~ 21og U;y py )12 (46)
and
¢i=2mU;, 3y, (47)
with
N'=[N/(C +N))/2, (48)
the clutter is given by
CX; = pCX;_; + (1 - p%)120/ sin ¢! (49)
and
CY;=pCY;_1 + (1~ p2)}2a] cos ¢/, (50)
in which
of = C'(- 21log U;)1/2 (51)
and
¢i = 27U ou, (52)
with
C’'=[c/C +N)]1 2, (53)
and the initial clutter values are
CXq = C'ag cos ¢ (54)
and
CY, = C'ay sin 6}, (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:
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MS
Zi=~ ). xp  I=Np,..Np, (56)
i=NS
where
MS=NS+M-1. (67)

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

Z] = Z] + xij -x,—_M'j. (58)

The detection threshold 7} 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

Np
1
Zj= Z—N_R Zl (Z]+I+I+Z]"l _‘-), (598)
‘-
1 &
l-
or
i
Zfﬁ; .2:": Z v (59c)
and the corresponding mean squares are
— 1 NR
le = EN—; ‘ 1 (ZI'24,1+l' ¥ Zj2_1 _")' (60&)
‘-
3 w0
o 2
Z} = 5 Z; T (60b)
,-
and
> 1 <
20 o 2
Z = N, Z: i (60c)
‘-
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The standard deviation is
= (72 _(7)211/2

where Z2 and 7, use the same reference cells. The two-parameter threshold for either linear
or log video is

T =2} * N o, (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;j=N,Z; (63)
for linear video and
Tj = N° + ZJ (64)
for log video.

For each range cell j the first (FCj) and last (LC;) azimuth crossings of the threshold
T; are saved. These values are calculated under the restrictions that there is at least one Z; <
T; at an azimuth smaller than LC; and that there is no azimuth interval larger than AA (the
azimuth separation based on the pulse detection separation specified at input) between LC;
and FC; for which all Z; < T}. Furthermore the range cell of the initial detection (smallest
azimuth) is J; , of the second smallest is J,, 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

|Jy =dg|1>1 (65)
or
LCy, > LCy, +AA. (66)

The J3 detection is valid if J, is not valid and

|Jy =dgl>1 (67)
and
LCyy > LCy,. (68)
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If Jo is valid, either Eq. 67 or

LCyy 2 LCy, +AA (69)
must be true and either
|dg -dg|>1 (70)
or
LC,, >LC.,2 + 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

R, =Rg +(J, +0.5)AR, (72)
the azimuth is
Ay =(LCy, +FCy -039p)/2, (73)
and the signal energy is
S = max (Z;, |T;, ), (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

-

Aigk-1 = FCy, -034p/2 (75a)
and
AAI’,Zk = IJCJk -03dB/2. (75h)
Table 5 — MWDET Variables
YRR AT 5 R Al
L— Fortran Variable Description
A Rayleigh random variable (¢; in Eq. 43)
AA Azimuth of the kth interfering target (4, in Eqgs. 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(1,2d)

AZ(1,J)
AZIM
AZIMS
Al

B

Bl

c

cc
COR
D(J)
DEL

F
FDIF

FFN
FL

FLUCT(I)

FN
FSIG

G
GDIF

IC(J)
ID(K)
IDET(J)
I
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 (A, 2j-1 in Eq. 75a)

Final azimuth of the Jth detection of the ith target which has a
target close by (A, 2jin Eq. 75b)

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

Azimuth position of the pulse ‘closest to the target (0 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 Eqs. 49 and 50)

Detection threshold for the jth range cell (7} in Egs. 63 and 64)

Antenna azimuth change between pulses (A6 in Eq. 17)

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

Normmalized difference between the target range and the center
of the range cell (Fy 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 Eqs. 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)

Nommalized difference between the target azimuth and the cen-
ter of the beam (G, 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 (/(j) in text pre-
ceding Eq. 41)

Counter for random numbers

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

Table continues.
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Table 5 (Continued) — MWDET Variables

——

Fortran Variable

Description

KRS
KT

M
MER(I)

MODEL(I)

NCONZ
NDET(I)
NF

NI

NNF
NNS
NREF

NREF2
NRF
NRS
NS
NSwW

NTAR
N3DB
P

PARM

R(I)
RANGE(I,J)
RES

RR

RS

RTEMP

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

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

Number of pulses generated M

Indicator of the interfering-target problem (target within 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

Closest pulse in azimuth to the kth interfering target (NC in
Eq. 35)

Pulse separation for declaring two detections

Number of detections of the ith target

Last pulse simulated (NF in Eq. 20)

Number of targets in the reference cells (NI in text preceding
Eq. 25)

Last signal pulse for the kth interfering target (NNF in Eq. 37)

First signal pulse for the kth interfering target (NNS in Eq. 36)

Number of reference cells on each side of the test cell (N in
Eqgs. 59 and 60)

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

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

First range cell used (Ny 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 - pz)”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
SM

SN(J)
SNDET(1,J)

SNINT
SNREF(K)
SS(1,J)

SUM

THRSH
TH3DB
TIME(I)
TRGPOS(1,4)
TRGPOS(I,5)

Signal energy S

Normalized signal energy including the effects of the pulse
shape

Maximum normalized signal amplitude in the jth range cell

Maximum signal amplitude of the jth detection of the ith target

Maximum integrated signal-to-noise ratio

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

Signal energy of the ith pulse in the jth range cell (S,-j in Egs.
42 and 45)

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

Indicates the reference cells to be useci

The antenna 3-dB azimuth beamwidth (6 34g in Eqgs. 39 and 73)

Detection time of the ith target

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

Azimuth of the ith target (4, in Eq. 35)

TWOPI Two times 3.1415926536, or 21
U Mean value of the reference cells (Zj in Eq. 59a)
ULOW Mean value of the lower half of the reference cells (Z; in
Eq. 59¢) o
uup Mean value of upper half of the reference cells (Z; 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 (FCJ- 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 (linear video if XLOG = 0
and log video if XLOG = 1) sak,
XMS Mean square of the reference cells (Z,-2 in Eq. 60a) -
XMSLOW Mean square of lower half of the reference cells_%Zj in Eg. 60c)
XMSUP Mean square of upper half of the reference cells (Z i in Eq. 60b)
Subroutine STAB2

Subroutine STAB2 generates a new azimuth position for each target detection, because

the radar is unstabilized. The routine is initialized by calling the entry point STBINT. The
initialization section first reads four input parameters with a 4F8.2 format (Table 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 (2nt/Tp + ¢R) (76)
and

P = P,, sin (2nt/Tp + ¢p), (77)
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 &), (in the deck plane) is [3]

sin a cos R + (cos asin P + tan e cos P) SinR} +e, (78)

AP
a =
i ™ oo [ cos & cos P - tan e sin P

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 — STAB2 Variables

Fortran Variable Description
A Azimuth of the target in the deck plane with zero measured error
AA Azimuth of the target (a in Eq. 78)
ATEMP Azimuth measurement (between 7 and 3m)
AZ Azimuth measurement (between 0 and 27) (o, in Eq. 78)
(0} 4 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 (¢ in Eq. 76)
PHASE(2) Phase angle of the pitch (¢p in Eq. 77)
Pl 3.1415926536, or
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/n
RFAC Frequency of the roll cycle
RMAX Maximum roll angle (R,, in Eq. 76)
ROLL Roll angle (R in Eqgs. 76 and 78)
RPER Period of the roll angle (T 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 2m
X Trigonometric function of the angles
Y "Frigonometric function of the angles
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Subroutine VRCLT2

Subroutine VRCLT2 generates scan-to-scan independent clutter points in specified
areas and is called once per scan by the executive routine after FXCLT2 has been called.
The routine is initialized by calling the entry point VCINIT. The initialization section first
reads two parameters with a 218 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 - 0g)/N;, (79)

where Og and 0 5 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
). 8;<(BF - 0), (80)
j=1

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

i
0=0s+ ) & (81)
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)
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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

Ti =~ To + (AT)0/21|" (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 (2nt/Tp + ¢g) (85)
and
pitch = P, sin (2nt/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 2.

On the other hand, if
i
Z A;> (0 -05), (87)
j=1
then the new detection is out of the present clutter region and the next clutter region is

considered.

Table 7 — VRCLTZ2 Variables

e

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

i N
Fortran Variable Description
RALIAN W 57.29578°, the number of degrees in a radian, or 180/
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 (Rp in Eq. 83)
RFAC Frequency of the roll cycle
RLOUT(I) 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(I) 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 (0 in Eq. 79)
THS Initial azimuth of the clutter region (0g in Eq. 79)
TIMSCN Scan period (AT in Eq. 84)
TIMZB Time of the zero-bearing crossing (T in Eq. 84)
TOUT() Time of the ith detection
TWOPI Two times 3.14156926636, or 27
Rt sl —

.

ROUTINES EXCLUSIVE TO SURDET3D
SURDET3D Executive Routine

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

The SURDET3D executive routine begins by setting constants and conversion factors
for use by the model’s subroutines. It then reads in the first two data input cards. (The next
subsection describes user input, and Table 8 describes the variables.) The first card contains
the output-control parameter 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].

SURDET3D monitors the input of the scenario data by calling a sequence of sub-
routines. Subroutine INITAL reads the radar data, subroutine TARGE' 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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DAVIS AND TRUNK

define scenario by input parameters

INITIAL }—————p-1 TARGET -1 ENVIRN

J

} initialize clutter and roll/pitch
\

(FCINIT) p———=| (VCINIT) 0| (STBINT)

]

generate initial
azimuth beam position

calculate current

| ‘|IIEJ arget yha
2k  targets target positions

L |

MATCH — INIT3D - NEWPOS
s 1 ADJDET
calculate signal-to-noise ratios determine merge‘ multiple
target detections target | detections ,
SIGNAL Lavurs
BEAM [, = _'J (NOISE) T o DET3D =t~ MRDT3D
| | : 4 calculate | the effect
FARBIE P o g ' * of roll § and pitch
JAM | RESOL STAB3
| | determine
*—' S S e '- = ""i | clutter jdetections
L
BEAM CLTSIG '__ MULPTH FXCLT3
|
e e, (ot A
2 Y
GAIN ~<— — —| RNGCEN |[= — -| UFUN VRCLT3
{
BEAM °

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

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

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, SURDET3D steps through the defined radar (elevation)
modes. For each mode the routine first determines if target I is within instrumented range,
is above the radar horizon, is within the appropriate angular vertical coverage of the pencil
beam or the cosecant-squared beam, and is beyond the minimum radar range. Unless all
of these conditions are met, target I is dropped from further consideration by this (eleva-
tion) mode. The routine next compares the elevation angle of target I to the current mode’s
(mode J) elevation beam center. If the difference exceeds the radar’s vertical 3-dB beam-
width, target I is dropped from further consideration by this mode. Otherwise, SURDET3D
proceeds to compute the signal energy and the noise and clutter energies for target I by
calling subroutines SIGNAL and NOISE respectively. It next uses subroutine DET3D to
determine any detections of target I by the current radar mode, printing a record of each
detection if the print-control parameter ANS1 indicates that detailed output is desired.

When an elevation scan has been completed for each target active at time T, subroutine
MRDT3D is called to merge adjacent detections and estimate the range, azimuth, elevation,
and signal power of the centroided detections. The centroided detections are further
modified for roll and pitch of the radar platform by subroutine STAB3. Detections of fixed
and of variable clutter for current game time T' are determined by calls t§ subroutines
FXCLT3 and VRCLTS3 respectively. A report of centroided target detectinns and false
alarms (clutter detections) is printed if ANS1 indicates that any printed output is desired. A
similar output scan record for use as subsequent input to the MERIT tracking program [2]
is written on the logical unit specified by IOUT.

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

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

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

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

ENVIRN is called;

® All runs are completed.

Table 8 — SURDET3D Variables

Fortran Variable

Description

ACON

ALPHAD
AMBN
ANS1

AZ(1,K)
AZINIT
AZOUT(L)
AZ3(1,K,J)
BETA

BHDEG

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

BUFA

BUFA(1,K)

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

Constant used in sea-state calculations (to be described in the sub-
section on subroutine JAM in the next main section)
Grazing angle of the clutter patch (deg)
Thennal noise energy (J)
Printed output control:
0 = no output printed
1 = detection output only printed
2 = detailed output printed
Azimuth of the kth centroided detection of target I
Azimuth beam position at the start of the elevation scan
Azimuth of the /th clutter detection
Azimuth of the kth detection of target I by mode J
Constant used in sea-state calculations (described in the subsec-
tion on subroutine JAM)
Azimuth of target / in degrees for printing
Scan-output-ID array written on logical unit IOUT
Scan number
Start time of the present scan
Number of detections (including false alarms)
Radar ID
Ship’s heading (rad)
Total number of targets
Detection history array written on logical unit IOUT for each
target detection or false alarm K
Target number or clutter detection number of the kth detec-
tion
Range of the kth detection (n.mi.)
Azimuth of the kth detection (rad)
Elevation of the kth detection (rad)
Time of the kth detection (s)
Signal energy of the kth detection (dB)
Roll angle of the kth detection (rad)
Pitch angle of the kth detection (rad)

Table continues.
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Table 8 (Continued) — SURDET3D Variables

Fortran Variable

Description

BUFB

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

CCM
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 (1)
Slant range to the true target-I position (n.mi.)
Azimuth of the true target-I position (rad)
Elevation of the true target-I position (rad)
Time when the radar scans by target I (s)
Elevation of target I measured from the horizon in degrees for
printing
Speed of light (cm/s)
Speed of light (n.mi./s)
Conversion factor for converting natural logarithms to dB (10
logyq €) :
Signaloenergy .of target I with respect to made J (dB re 1 J)
Total noise energy with respect to mode J(dB re 1 J)
Frequency increment for mode J (Hz) ‘
Elevation of the kth centroided detection of target I
Elevation of the /th clutter detection
Time at which the current run terminates (h)
Multipath indicator:
0 = no multipath
1 = multipath
Mult.;path 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

e

ITITLE
1A

MER3(I)

MUL

NC(K)
NDET(I)
NDET3(1,J)
NEXT
NREF
NSCAN
NTARG
OFR

PBBS
PITCH(I)
PTOUT(R)
RADIAN
RANGE/(1,K)
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 /, 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 /
Number of detections of target I by mode J
Current radar scan mode
Number of reference cells on each side of the test cell
Number of radar scan modes defined
Number of targets (to be detected)
Frequency of the current radar scan mode (MHz)
Elevation beam center of the current radar mode
Pitch angle at the time of detection of target I
Pitch at the time of the kth clutter detection
Conversion factor for radians to degrees (180/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.
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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 4/3 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(J,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(I) 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(1,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)

TIMES3(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 / (n.mi.)

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

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

TSCAN(1,J) Time when target I comes within the instrumented range of radar
mode J (b)

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(14) 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 (15 format): ;

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

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

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

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

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

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

1. Radar frequency (MHz),

2. Antenna pattern function indicator (0 = pencil beam and 1 = 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);

MO P EIo ok

-

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

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.),

SR
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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) (if 0, the bandwidth is set at 1.4/
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):

3D O

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

Clutter correlation coefficient,

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

. Azimuth offset between beam positions (deg),
. 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 calcuiate the threshoid (1 = mean used and 2 = mean and

variance used);

Data card 8 -——number of targets and jammers (total limited to 20) (215 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,I3 format):

1-4.
5-8.
9-11.
12,
13.

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

Terminal coordinates (x, y, z) (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 (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 (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,

n
\
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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.

B R

L e

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):

23 RSN e G b =

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 (15 format):

1 = a new scenario is to be read, with the next data card being data card 1,

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

3 = current radar and target parameters are to be retained, but a new environment
is to be read, with the next data card being data card 11,

4 = all runs completed.

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

Output from 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 (mz).
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 o each detection is
given in decibels urider ESIG. Similarly lines 7 and 8 report detections of target 1 by scan
mode 2, line 10 reports a detection of target 1 by mode 3, line 13 reports a detection of
target 2 by mode 1, line 15 reports a detection of target 2 by mode 2, and line 17 reports
a detection of target 2 by mode 3.

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

An o1 .put report as shown in Fig. 4 is printed for ¢ach radar (azimuth) scan when the
print output control parameter (data card 1) is 2. If the parameter is 1, then only tne 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 0, or elevation beamwidth 7 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,|<1.2AR,

|IA-A,l<0.16,
|IE-E,|<01%;
49
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the second condition is

DAVIS AND TRUNK

IR ~R,|<0.1AR,
A - A, | <120,

IE~E,|<0.17;

and the third condition is

IR -R,|<0.1 AR,
|A-A,l<0.10,

IE-E, <127;

where R, A, and E are the range, azimuth, and elevation of the detection being tested and
Ry, A, and E;, 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
AZ3(KTAR 1J)
DETPAR(K,1)
DETPAR(K,2)
DETPAR(K,3)
DETPAR(K 4)
E

EL3DB

1

J

K

KTAR

NEWJJ

R
RANGE3(KTAR,1,J)
RES

RMODE(J,1)
SNDET3(KTAR,IJ)
TH3DB

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

Same as variable A

Range R, of the kth adjacent detection

Azimuth A, of the kth adjacent detection

Elevation E;, of the kth adjacent detection

Signal power of the kth adjacent detection

Elevation angle E of the jth radar mode

The antenna 3-dB elevation beamwidth y

Index of the detection being tested

Index of the radar mode being tested

Present number of adjacent detections

Target under consideration

Present number of nonadjacent detections in the previous set of I - 1 detec-
tions of target KTAR by the jth mode

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

Same as variable R

Range-cell dimension AR

Elevation angle £ of the jth radar mode

Signal power of the ith detection of target KTAR by the jth radar mode

The antenna 3-dB azimuth beamwidth 0

50

& pggd sy £ i

4 w1 TR el g

AT
e



NRL REPORT 8228

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 rada: 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 returmed 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 0 is

0=0g(K, +1AZ - 2), (88)

where 1AZ = 1 for the first beam position, 0 is the azimuth angle between complete eleva-
tion scans, and K|, is the integer defined by

K, = integer [(A - 0;)/0g + 0.5], (89)
in which A is the target azimuth and 0, is the azimuth angle of the first elevation scan.
In the simulation the video return is generated only in the reference cells surrounding

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

where AR is the range-cell dimension and K ¢ is the integer defined by
Kpg = integer (R/AR), (91)
in which R is the target range.
51
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The first step in generating the radar video return is to generate the signal (target)
i 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 N = 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 i and j. Then the signal return from each of the NI interfering targets lying
within the reference cells is generated. For the kth target this is accomplished by first
generating the appropriate fluctuating amplitudes 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)

B =1, i=1,..,.M. (94)
For NSW = 1 (scan-to-scan fluctuations, Rayleigh density)
Pp=-loglU;, i=1,.,M. (95)
For NSW = 2 (pulse-to-pulse fluctuations, Rayleigh density)
Fik =-log U". i= 1, ey 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)
Fik o - 0.5(log Ul' + log UM*I')’ i=1,.,M. (98)
The signal is next placed in the appropriate range cell and the adjacent range cells by

reducing the returned signal by a [(sin x)/x]2 pulse shape and a [(sin x)/x]* antenna
pattern. The return signal from the kth target is centered in range cell Kp :

Kp = integer [(R), - Rg)/AR], (99) 1_

5

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

1l {
ce! 4‘ -,
Kp=Kg+l, I=-1,0,1, 00)  §
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is given by (because of the (sin x)/x pulse shape)

F = [(sin Fy)/F 12, (101)
where
Fy =2.7832(R;, - Rp)/AR (102)
and
Ry = (Kp +0.5)AR + Ryg. (103)

At this time the indicator I(Ky) is set equal to 1.
Similarly the signal reduction G due to the (sin x)/x antenna pattern is
G = [(sin G4)/G 414, (104)
where
Gy = 2.7T832(A), - 0)/0 343, (105)

in which A, is the azimuth of the kth target and @345 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 K pth range cell for the azimuth beam position specified by Eq. 88 is

S,-'K,r(new) = Si'K,,.(old) + GFF,»'kPk/(C +N), (106)
where P, is the signal energy of the kth interfering target.

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

x;=(-2log Up'2,  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 ¢,)%} 172, (108)
53
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where
a; = (-2log U,-)”2
and
¢;=2nU; .
For clutter significant (CM > N)
xij = {[CX; + o cos ¢; + (28;)'/2]12 + (CY; + g; sin ¢;)°) 32,
where the Rayleigh-noise components ¢; cos ¢; and q; sin ¢; are given by
o; = N'(- 2 log U, )72
and
¢i = 2nUjs3m>
with
N'=[N/(C+N)]'2,
the clutter is given by

CX;=pCX;_, +(1-p?)12q]sin ¢;

and
CY;=pCY;_y +(1-p?)"2q] cos ¢,
in which
of = C'(- 2 log U;)' /2
and
¢ = 27U}, 95,
with

c'=[ciC+ N2,
and the initial clutter values are

CX, = C'ag cos ¢g
and
CYq = C'ag sin ¢g.
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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

3 pulses are integrated in each range cell, yielding the values
M
Z;= ) x. (122)
i=1

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

Ng

1 1 -
Z; = N, }_‘ (Zjer+i * Zj-1-i) (123a)
i=1
i el
Z = Ny L] Zi1eis (123b)
=
or /
5
Z; = S’; ; Z_y.i (123c)
and the corresponding mean squares are |
RO \
72 _ 2 2 2
Z7 = T Zi (Zhyer #2050 (124a) \
=
3t §-
72 . 72
= N Z; A (124b)
e
and
# WL 1 NR
L ANE
Z; = Ny Z‘{ Aj_]_i. (124c) .
= %
The standard deviation is
o = 12} - (Z)*1"2, (125)
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e ——— \ TS |

il okl ik S 4 Py gt
R T W T W 5 5
L N S '




DAVIS AND TRUNK

where Zj2 and Z; use the same reference cells. The two-parameter threshold for either linear
or log video is

T;=Z;+F,0j, (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

Tj =F, Zj (127)
for linear video and
Tj=Fo "‘ZJ (128)

for log video.

Finally, detections are declared by comparing Z,,, Z,3,and Z, to Ty, Ty3,and 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,

Zj(C + N), the signal amplitude of the detection, and
Time, the time of the detection.

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

AOLDY 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 (0 in Eq. 88) Lo 0
&

Table continues.
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Table 10 (Continues) — DET3D Variables

Fortran Variable

Description

AZINIT Azimuth of first complete elevation scan (0, in Eq. 89)

AZ3(1,11,J) Azimuth of the IIth detection of the ith target by the jth mode

Al Rayleigh random variable (¢} in Eq. 117).

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

B1 Uniformly distributed phase angle (¢; in Eq. 118)

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

CcC Normalized clutter energy (C' in Eq. 119)

COR Clutter correlation coefficient (p in Egs. 115 and 116)

D(J) Detection threshold for the jth range cell (Tj in Egs. 126, 127, and
128)

F Signal reduction due to pulse shape (¥ in Eq. 101)

FDIF Normalized difference between the target range and the center of
range cell (F; in Eq. 102)

FFN Normalized noise energy (N' in Eq. 114)

FL Fluctuation amplitude when the amplitude is the same for all pulses

FLUCT(1,J) Fluctuation amplitude of the ith pulse and the jth interfering target
(F;p, in Eqgs. 94 and 98)

FN Noise energy (N in Egs. 106, 114, and 119)

FSIG Number of standard deviations used in the calculation of the thresh-
old (F, in Eq. 126)

G Signal reduction due to the antenna pattem (G in Eq. 104)

GDIF Normalized difference between the target azimuth and the center of
the beam (G in Eq. 105)

1AZ Index of the current azimuth beam position (IAZ in Eq. 88)

11 Number of detections (II in text after Eq. 128)

IKEY(NTAR) Indicator that fluctuation amplitudes have been calculated at least
once for target NTAR '

IMERGE Indicator that the interfering target is in the 9th to the 17th range
cell

INF(1) Index of the ith interfering target

1S(J) Indicator that the signal is in the jth range cell (I(j) in text preceding
Eq. 107)

KAZ Azimuth beam position closest to the target (K, in Eq. 89)

KK Counter for random numbers

KR Range cell in which kth interfering target lies (K in Eq. 99)

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

KT Range cell adjacent to the target cell (K4 in Eq. 100)

M Number of pulses integrated M

M2 Two times the number of pulses integrated

M3 Three times the number of pulses integrated

M4 Four times the number of pulses integrated

MERS3(I) 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

MODE Active radar mode

Table continues.
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Table 10 (Continues) — DET3D Variables

Fortran Variable Description
e ey
MODEL(I) Swerling fluctuation index for the ith target (NSW in text preceding
Eq. 94)
MS Number of pulses integrated M
N Number of targets
NDET3(1,J) Number of detections of the ith target by the jth radar mode
NF Last pulse simulated (M in Eqs. 94 through 98)
NI Number of targets in the reference cells (NI in text after Eq. 106)
NREF Number of reference cells on each side of the test cell (N in Egs.
123 and 124)
NREF2 Two times NREF (2N in Eqgs. 123a and 124a)
NRF Last range cell used (N, in Eq. 93)
NRS First range cell used (N in Eq. 92)
NS First pulse simulated (1 in Eqs. 94 through 98)
NSW Index of the Swerling fluctuation model (NSW in text preceding
Eq. 94)
NTAR Target of interest
N3DB Number of pulses integrated M
P Function of the clutter correlation ((1 - p2)!/2 in Eqs. 115 and 116)
PARM Parameter to denote whether the mean (PARM = 1) or the mean and
the variance (PARM = 2) should be used to calculate the threshold
R(I) Uniform random numbers (U; in Eqs. 96 and 98)

RANGE3(1,11,J)
RES

RR

RS

RTEMP

S

SM
SNDET3(1,11,J)

SNINT
SNREF(K)
SS(1,J)

SUM(J)
THRSH
TH3DB
TRGPOS(1,4)
TRGPOS(1,5)
TWOPI

U

ULOW

uuP

X(14)

Range of the IIth 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 Kpth 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 Eqs. 108
and 111)

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

Indicates reference cells to be used

The 3-dB azimuth antenna beamwidth (034p in Eq. 105)

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

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

Two times 3.1415926636, or 27

Mean value of the reference cells (Z; 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 (Zj in Eg. 123b)

Video retum of the ith pulse in the jth cell (x;jin the text preceding
Eq. 107)

Table continues.
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Table 10 (Concluded) — DET3D Variables

Fortran Variable Description

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

XMS Mean square of the reference cells (Z2 in Eq. 124a) b 1

XMSLOW Mean square of the lower half of t{ne reference cells (Z,2 in Eq. 124c¢)

XMSUP Mean square of the upper half of the reference cells (Z 12 in Eq. 124b)

Subroutine FXCLT3

Subroutine FXCLT3 generates fixed clutter points and is called once per scan by the
executive routine. The routine is initialized by calling the entry point FCINIT. The initial-
ization section reads in the following nine inputs with a (218,7F8.2) format (Table 11):

ISET — initialization number for the random-number generator,

N —
PROB —
RS —
RF —
SIGR —
THS —
THF —
SIGA —

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 (fractions of a range cell),
initial azimuth of the clutter area (deg),

final azimuth of the clutter area (deg),

standard deviation of the azimuth measurement (fractions of a beam-

width).
The initialization section calculates the range-cell dimension AR by
AR =c1,./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

R“=RS +(RF —Rs)U,' (130)
and

0;=0g + (0 -05)V, (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)
where
K = integer {[R, + g (- 2log U;)'/2 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

€, = 0, (- 21og U2 sin 27V, (134)
and
€, = W;0,/2, (135)
where 0, 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,y sin (2t/Ty + ¢p) (136)
and
P =P, . 8in (27t/Tp + ¢p), (137)
where R, ,, and P,,,, are the maximum roll and pitch angles, Tp and Tp are the cor-

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

2 i R + (cosa sin P + tan e cos P) sin R
-} [sma cos ]+ , 8
Gm v cosa cos P - tan e sin P ¢ A0
and the measured elevation position e,,, is [3]
Oy ™ gin~! [cos e cos a sin P + sin e cos P) cos R - cos e sin a sin 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)

i
_¢ [-sin R sin e, + cos R sinay, cose i -
a,, =tan"! n m_=m (140) i
cos P cos a,, cos ey, + D sin P | \
| o T
} T
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and
e,, =sin"! [sin P cos a,, cose,, + D cosP], (141)
where
D = cos R sine,, +sin R sina,, cose,,. (142)
The detection time T; is proportional to the azimuth:

T, =Ty + (AT)0;/2m, (143)

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

Table 11 — FXCLT3 Variables

Fortran Variable Description

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

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

AM Azimuth measurement (between m and 37)

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

ATEMP Azimuth measurement (between 7 and 3m)

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

AZOUT Azimuth measurement (a,, in Eq. 138)

(0) 4 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 (¢p 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.
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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 uniform random numbers (U; in Eqgs. 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 Eq. 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 (o, in Eq. 134)
SIGR Standard deviation of the range measurement (0p 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 (T in Eq. 143)
TAU Compressed pulsewidth (8) (7, in Eq. 129)
TE Tangent of the elevation angle (zero)
TH Uniform distributed phase angle
THF Final azimuth of the clutter area (6 5 in Eq. 131)
THS Initial azimuth of the clutter area (6g 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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4 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, bumthrough, 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 (O = pencil beam and 1 = cosecant-squared beam),

RC(3) — Receiver noise (dB),

RC(4) — Horizontal 3-dB beamwidth (deg),

RC(5) — Vertical 3-dB beamwidth (deg),

RC(6) — One-way antenna gain (dB),

RC(7) — One-way sidelobe level (dB down from peak),

RC(8) — Receiver line loss (dB),

RC(9) — Transmitter line loss (dB),
NSCAN — Number of scan modes to be defined (a number not to exceed 30),
POLRZ — Linear polarization from 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),
i IMODE(4,1} — number of pulses integrated,
b RMODE(J,11) — compressed-pulse length (us),
H SUBC(J) — sea-clutter improvement factor (dB),

HRMODE(J12) — 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 deviations used in the threshold (determines the prob-
ability of a false alarm),

RC(18) — azimuth offset between beam positions,

RC(20) — video-type indicator (0 = linear video and 1 = log video),

RC(21) — number of reference cells used for the threshold (0 = all cells used, <0 ~
half with smaller mean value used, and >0 = half with larger mean value
used),

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

Subroutine INITAL also performs checks on the input data with the result that.
® The number of radar scan modes is limited to 30,

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

® The IF bandwidth for each mode is set equal to the recibrocal 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

e

DWL(J) Frequency increment for mode J (MHz)

IMODE(J,1) Number of pulses integrated for mode J

IMODE(J,2) max (Bjp7q, 1) rounded to the nearest integer for mode J
MILLION 1 X106

MM Effective number of pulses integrated
NSCAN Number of scan modes

PI 3.14159265636, or m

PIOVER2 | One half of 3.1415926536, or m/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,8)
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/m
Radar frequency f (MHz)
Indicator of the antenna-pattern function:

0 = pencil beam

1 = csc2 beam
Receiver noise
Horizontal 3-dB beamwidth (deg to rad)
Vertical 3-dB beamwidth (deg to rad)
One-way antenna gain
One-wa - sidelobe level
Receiver losses
Transmitter losses
Boltzmann’s constant times the system temperature, or 2T (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.)

‘| ¥ 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
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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(1,J), the number of detections of the ith target by the jth mode; MER3(I),
an indicator of merging problems for the ith target; and IKEY(I), an indicator that the

fluctuating statistics have already been generated for the appropriate Swerling target models.

for the ith target.

Table 13 — INIT3D Variables

Fortran Variable Description

AZBBP Change in azimuth between successive elevation scans

AZINIT Azimuth of the initial elevation scan

IKEY(I) Indicator that target fluctuation statistics have (IKEY(I) = 1) or have
not (IKEY(I) = 0) been generated for the ith target

MER3(I) Indicator of an interfering-target problem (a target within three
range cells and one azimuth beamwidth of the ith target) for the
ith target:

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

N Number of targets
NDET3(1,J) Number of detections of the ith target by the jth mode
NSCAN Number of radar modes

Subroutine MRDT3D

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

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

If there are detections of target KTAR, the last detection of the lowest (index) radar
mode is eliminated, and its parameters (range, azimuth, elevation, and signal power) are
stored in DETPAR(1,1), DETPAR(1,2), DETPAR(1,3), and DETPAR(1,4) respectively.
The number of adjacent targets K is set equal to 1, and KSTART, the number of adjacent
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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
NEWAJJ. 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/ )" 8, (144)
k=1 k=1
K K
A= ) SpAL/ )" S, (145)
k=1 k=1
K K
E= ) SiE/ ) S, (146)
k=1 k=1
and
S = max {SI’SZ""’SK}' (147)

where R, A,, E;,, and S, 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 = (Epin * Emax)/2, (148)
where
Epin = min {Ey, E,, .., Ex} (149)
and
Eax = max {Ey,E,, .., 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,])
AZ3(KTAR,1J)

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

EL3DB
EMAX

EMIN

I
Il

J

3

K
KTAR
LTAR
MER(I)

MER3(I)

N

NDET(I)
NDET3(1,J)
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 (E; in Eq. 146)
Signal power of the kth adjacent detection (S, in Eq. 147)
Elevation of the ith centroided detection of target KTAR (£
in Eq. 146)
The antenna 3-dB elevation beamwidth
Maximum elevation of the adjacent detections (E,,, in Eqs.
148 and 150)
Minimum elevation of the adjacent detections (E,;, in Egs.
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)

RANGE3(KTAR,1,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

(S in Eq. 147)
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
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 4F8.2
format (Table 15):

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

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

The modified azimuth and elevation positions are generated by calling STAB3 once

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

pitch P angles at time ¢ are

R =R, sin (21t/Tg + ¢g) (151)

and

P =P, sin (21t/Tp + ¢p), (162)

where R, and P,, are the maximum roll and pitch angles, T 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]
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o v ian) sina cos R + (cosa sin P + tan e cos P) sin R PR (153)
@ cos a cos P - tan e sin P &
and the measured elevation position e,, is [3]
C sin~! [(cose cosasinP +sine cos P)cos R -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.

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 0, = 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]

G
and
e, =sin”! (sin P cos a,, cos en + D cosP), (156)
where
D = cosR sin e, +sinR sina,, cose,,. (157)

It is assumed that the radar makes the corrections indicated by Egs. 155 and 156; thus Egs.
1565 and 156 are used as the measured azimuth and elevation respectively.

Table 15 — STAB3 Variables

Fortran Variable Description
A Azimuth of the target in the deck plane with zero measured error
AA True azimuth of target (a in Eqs. 153 and 154)
AM Corrected azimuth measurement (between 7 and 37)
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,, 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 -
i EL True elevation of the target (e in Eqs. 153 and 154) L
S S— Y
Table continues. 4 Fon o
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Table 15 (Concluded) — STAB3 Variables

Fortran Variable Description
ELEV Corrected elevation measurement (e;,, in Eq. 156)
ET Elevation measurement (e, in Eq. 164)
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 m
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(]) Time when the ith target is detected

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 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:

P —.

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;= (0 - 0g)IN;, (158)

where g 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
D A< (0p - 0g), (159)
J=1
the new detection is accepted. Its measured azimuth, range, and elevation are

i

0=0g+ ) A, (160)
j=1
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 {IRS + (R’;' —Rs)V,]/AR}, (163)

in which Rg and Ry 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; = Tg + (AT)0/2m, (164)

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

roll = R,,, sin (21t/Ty + ¢p) (165)
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and
pitch = P, sin (2nt/Tp + ¢p), (166)

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

On the other hand, if
i
). 8;>(0p - b), (167)
=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 (0 in Eq. 160)
AZOUT Azimuth of the detection (output) (6 in Eq. 160)
ELF Final elevation of the clutter region (Ep in Eq. 162)
ELOUT Elevation of the detection (E 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 (N; 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 Eqs. 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 (Ry in Eq. 163)
RFAC Frequency of the roli 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(I) 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 (0 in Eq. 158)
THS Initial azimuth of the clutter region (fg 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

g i

a TARGET

RADAR HORIZON

(a) Pencil beam

TARGET

RADAR HORIZON

(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
pattems of the pencil beam and the horizontal beam pattern of the cosecan
The vertical beam pattern of the cosecant-squared beam is modeled by 2 1
(sin x)/x representation and an extended fan above the main beam in w!:
gain will vary with elevation angle according to R2/h2, where R is the slant i 1o th
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 {3, so that the normalized
angle 0 on a (sin x)/x curve that corresponds to « is

0=%7—8 «, (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

: 2
f= (ﬂ%ﬂ) (169)

unless (01 <10~ 6 or (61> =, in which cases
f=10, l61<107° (170a)
and
f="fsL, 0| >, (170h)
where fg;, 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:

E=%p. (171)

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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: 2
& (Smp(?) : (172)
po
where
2.78
= — (173)
s
and
6=¢-E. (174)

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

e . )
x+yy -2 sin p0 cospl)_smpo 0’ (175)
r po po (p0)?
where
¢ =tan~! 2 (176)
x
and
'
P i Vs, . 2 :
1+y2/x2 X x2
« 22 (177)
r2

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

x _ - sin p0, [cospG,, 3 sin pe,,] y
r po, po, (PO, )2 r2
or
sin p0j, | cos pl, sin p0,
o [ POy (po;,)z] S i
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where ¢, is the elevation angle corresponding to 0 »- Substituting the expression for r from
Eq. 172 gives

0=1+2p(cotp0,,——1—> tan ¢, . (179)

poy

It is reasonable to assume that ¢, and 0, are small. With this assumption it can be
shown that

ey v d

P S 180
cotp h = m o —-—3— ( )
and
tan ¢, = ¢, (181)
This reduces Eq. 179 to
20,0,
=1 (182)
3
or, by substituting Eq. 174,
202y, (¢y, -E) = 3, (183)
which can be rearranged into the quadratic form
2 3
¢h-¢hE—“=0 (184)
2p?
with the root
2 2.1/2
o = E+(E +26/p ) ' (185)
By use of Eqgs. 171 and 173 this can be expressed as a function of :
.: 2,2 2 1/2
a2
b (2.78)%
P | - % [k + (k% + 3.1)1/2), (186)
' g 1
.,_.w{..\q’_" A b X% ¥ g S
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e normalized beam-pattem factor (power) for the vertical pattern of the cosecant-
quared beam can now be determined according to the position of the target. If the target
‘levation is above ¢, the antenna beam-pattern factor will vary with elevation according
Lo the square of the cosecant:

e e (187)

csc? (0]

vhere K is readily found to be
K = f(¢y,) csc? ¢y, (188)

50 that

6502

() = f(¢y) (189)

csc? (0}

Table 17 — BEAM Variables

. Fortran Variable Description

ALPHA Angle between the boresight and the target (rad) (o in Eq. 168)

BETA The 3-dB beamwidth (rad) (8 in Eq. 168)

DBDOWN Firset-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-pattemn-factor indicator:
0 = horizontal
1 = vertical
PBBS The elevation of the boresight of the main-beam portion of the csc2
beam (rad) (£ in Eq.171)

RMODE(J,2) Upper elevation limit for mode J (rad) (£, in Fig. 5)

i SINC Normalized beam- pattern factor (power) (f in Egs. 169, 170, and
191)
THETA | Normalized angular position of the target (rad) (6 in Eqs. 168, 174,
. and 176)
THETBK The 3-dB beamwidth (rad) of the main-beam portion of the
cosequent-squared beam multiplied by a constant k that sets
THETBK equal to twice the elevation of the pencil-beam bore-

sight

¢ target elevation is less than or equal to ¢y,
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g 2
“———mp(¢'E)] . (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
et 2.78 2.78
o <{m Bl¢'(k3/2>l}/ ﬁw-(kﬁ/zn) AT (191a)

2.78 csc? ¢, 2.78 csc? ¢,
= (<sin ; —| . E>¢>4
- (kB2 - (kB/2
Blon - (RB/2)) csc” ¢} /' Bldy - (RB/2)] csc® ¢ (191b)
= 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
U, 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 0o = - 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 o, for various radio frequencies I, sea states J, and incidence angles K are
stored in two three-dimensional arrays: SIGOH(1,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 0 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 b is

00(0p) = [(0g,, cos 0,,)% + (0, sin 6,)2]""%. (192)

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

Fortran Variable

Description

ANG
INDEX(L,J)

NDX(I)

PAR(1)

PAR(2)
PAR(3)
POLRZ

SIGN
SIGOH(1,J,K)

Linear polarization (rad)

The INDEX (3,2) array identifies the values in the XPAR array that
straddle the values of radio frequency, Beaufort scale, and
incidence angle that are being considered

Parameter bookkeeping array:

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

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

Similar to parameter 1 but for the Beaufort scale, with a range of
1to6

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

Linear polarization (deg) (0° = horizontal) (0, in Eq. 192)

Normalizing factor applied to TEMP

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

SIGOV(1,J,K) Similar to SIGOH but the vertical polarization (g¢y, in Eq. 192)

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

SIGZP Normnalized 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
f_l”a i 40'., (193)
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where 171,3 is 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

Hy5 =0.02667 V2, (194)
where V is in meters per second and ﬁl/a 1s in meters.

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

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

where Vy, is the windspeed as measured at height H above the sea. Eliminating H, 5 by com-
bining Eqs. 193 and 194 and substituting for V the expression for V; from Eq. 195 yields

g, = 0.00667 VZ(H/10)"0-19364 (196)
h H

Table 19 — ENVIRN Variables

’ B S R T i e o
Fortran Variable Description
ENVIR(1) Windspeed at height H (knots) (V in Egs. 195 and 196)
ENVIR(2) Height of the windspeed measurement (kft) (H in Egs. 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) (0, 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 ¥ Iy
sin «, = —4—_15-—_— 5 (197) S
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Tablz 20 — GAIN Variables

Fortran Variable

Description

ALFV

FH
FHV(K)
FV
GAINR

IKEY

ITAR
JTAR
OAH
OAV
RC(2)

RC(4)
RC(5)
RC(7)
SRTAR

TRGPOS(1,4)
TRGPOS(1,5)
TRGPOS(I,6)

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

Horizontal beam-pattern factor (power) (fp,, in Eq. 198)

Pattern function (total) for target K

Vertical beam-pattern factor (power) (fp,, in Eq. 198)

Ratio of the field strength in the direction of a specified ray to
the field strength in the beam-maximum direction (f(f) in
Eq. 199)

Indicator in the calling sequence:

0 = direct ray
1 = reflected ray

Target under consideration

Target under detection

Horizontal angle between the boresight and the target (rad)

Vertical angle between the boresight and the target (rad)

Beam-pattern indicator:

0 = pencil beam
1 = csc2 beam

Horizontal 3-dB beamwidth (rad)

Vertical 3-dB beamwidth (rad)

One-way sidelobe level (dB)

Slant range from the target to the reflection point (m) (R4 in
Eq. 197)

Slant range of target I (m) (R in Eq. 197)

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 heam 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=1p, fe, (198)

and the field strength ratio from

fB) = 1312, (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 retumed to the calling subroutine.

Subroutine JAM

Subroutine JAM is called by subroutine SIGN AL 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 pattem 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 maae 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 (fy/) beam pattern factor. The total beam-
pattern factor for jammer J is then

fuv = fuly. (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

Grl‘rl‘m's'-lfHV)‘2
EOJ — 2 2 ’ (201)
(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, A 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;=EyF2. (202)
The total jamming energy is
Ny
Ery= ). Ey, (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

15 0.09682
Vie = Vy (71—-) : (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

GZ
dE=C = rdodr, (206)
r

where

PrA2L,L,L, 0, i
c= ———— (207) :
4n3 R
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.
TARGET

\/r

RADAR Qg » — :: . -gﬁ
7‘ e ol
CLUTTER —A

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,9). (208)
Here 07 is the angle between the local horizontal and the target or beam center, that is
(Fig. 8)
hT ', hr R)
. _1 0]
0 = sin ( R %) ° (209)
« is the angle between the local horizontal and the reflected ray, given to a first-order
approximation by y
h -
~ gin~1 _f - ﬁ)
a = gin ( T -~ (210)
and ¢ is the azimuth of the clutter element with respect to the beam center.
‘ 85 &
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g
\\ 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

cT sec Y, (211)

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

2n .~min(y/2ah,R+aR) 2
E=C f J‘ [-—GM drd¢, (212)
0 min(v/2ah,R) r3
where 6 = 0 + a, or
h r
= in-1 o
0 =0, +sin (r 20) 5 (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, Ry):

2n o (}2
E=C J‘ f < U.(Ry,Ry)drd¢, (214)
0 0 r
where
R, = min(R,+/2ah) (215)
86

st il

B N R R —




B ko A

NRL REPORT 8228
and
R, =min(R + AR,\/2ah). (216)
Essentially this procedure restricts consideration of the sea-clutter retum 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

E_fz"rlu i T e %\ 0 (R, By) drd 217
el B T U B | s B bt | e S

where ¢g and 0 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 ¢:
- 3 % %
E{ =Cd¢y — Uy \- = , 51U(Ry,Ry)dr. (218)
o 3 2 2

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

2h
sin (0 -0p) + lsin2 0 -6r1) —(2h/a)]”2

r(f) = (219)

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

E, =C¢ f“ : U [ ( 08) r (05)] U(R,,Ry)d
= R r -l oy r ’ r
1 B. A r3 2 2 1 2
2 Up Up
=C¢B j Ur max [Rl,r(- _2" ] ,min[Rz,r 7 dr. (220)
0

The notation can be simplified with the definitions

‘wl'-‘

bp
§; = max Rl,r<— 7 (221a)
and
Op
Sy =min|Ry,r 2/ (221b)
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so that Eq. 220 can be written as

|
El =C¢B f —é Ur(Sl,Sz)d". (222)
0 r

Integration of Eq. 222 yields

Ey = Cop <_1é - _12.> (223)
sl SZ

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

E,=CS|n —-12 -—12 -H|, (224)
Rl R2

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

1 1 1
H= 3 ¢ <§2 - s_2> (225)

The total sea-clutter energy can now be expressed as

E~E, +E;=C|bn[— - =\ -HES-1)|, (226)
R} R}

which is then reduced by the input sea-clutter improvement factor /,:

E, =EI,. (227)

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) (« 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)

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) (Exy 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) (A, in Fig. 8 and Eqgs. 209 and 210)

Height of target JTAR (m) (hy 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) (¢ 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 Eqgs.
214 and 216)

Basic radar frequency (MHz)

Indicator of the antenna-pattern function:

Horizontal 3-dB beamwidth (rad) (¢g in Eq. 217)

Vertical 3-dB beamwidth (rad) (6 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(6g/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 - 05/2 (m), or r(- 0g/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?) (o, in Eq. 207)

Sine of the grazing angle at the clutter cell, or sin a (Eq. 210)

Table continues.
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Table 21 (Concluded) — JAM Variables

Fortran Variable 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) (6g in Eq. 217)
THETT Target elevation with respect to the local horizontal (rad) (6 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,6) Elevation angle of jammer J (rad)
\" 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 subroutire 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
d? = |——B | - (A% - R2,), (228)

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

% distance from the initial point to a range of R;

B ~ distance from the initial point to the final point ' (229)
is given by
x 1 [A-B
T (.. ")' (230)
"———— o ———
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TARGET'S INITIAL POSITION

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.
k =+ = 231
tg =t; Bl (te - ¢, ( )
where ¢; and t; represent respectively the initial and final times of the target’s trajectory.

7 The starting time t;(J) for mode J with respect to target / 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

tp - ti(J)]

N(J) = integer part [ At)

(232)

where At(J) is the interlook period for mode J, represents the number of scans made by

y mode J during the time interval in which the target is covering the distance from its initial
i point to a range of R;,,. The time at which mode J first scans target ] after it has come

" | within the radar’s instrumented range can now be determined as

tocan(d) = ti(J) + [N(J) + 1] At(J). (233)
For a target of type 1, which traverses a piecewise linear trajectory consisting of from

two to four altitude legs, the calculations are performed for each leg in succession until an
initial scan time is determined for each radar scan mode

.l
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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: B2d2

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 Eqs. 232 and 233)

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

RMODE(J,7) 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(I,L) Altitude of the trajectory of a type-1 target I on leg L (n.mi.)

TERM Square root of DISC: /B4d“ = |Bd|

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

TSCAN(1,J) Time at which mode J first scans target I after it has come within
the instrumented range (h) (tgeqn (/) 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
Eq. 232)

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

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

XSCAN Target travel time from its initial position to the radar mode’s
instructed range (tg 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(1,J), I = 1, ..., NTARG], (234)

where NTARG is the number of targets. Also, the target-status indicator ISTAT(I) (0 =
inactive and 1 = active) is initialized to 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

- == TNTERMEDIATE
REGION

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
€. =€, - i60\o (236)
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.
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Table 23 — Values of the Frequency, Dielectric Constant,
and Conductivity Used in MULPTH

f (MHz) € o0 (mhos/m)

<1500 80 4.3
1500 to 3000 80 -[0.00733 (f - 1500)] 4.3 + [0.00148 (f - 1500)]
3000 to 10000 69 - [0.0005714 (f - 3000)] 6.52 + [0.001354 (f - 3000)]

The next step in the calculation is the determination of factors that will be used in
calculating the value of the pattern-propagation factor for a target in the diffraction region.
The propagation factor in the diffraction region is [7]

F=27% ¢ S |U, (2,)U1(2)), (236)

where X is the target ground range in natural units,

r
X= I (237)
in which r is in meters and L is the natural unit of range,
4kg)\ ~1/3
L=2|—— > (238)
62

with a being the earth’s effective radius and k, being the radar wavenumber k = 27/A 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,(Z,), 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]

o |
" 2nif3 , 1
A, =2.338le i (239)

where H is the natural unit of height,

-1/3
2k3 ;
H-= T 5 (240)
and
p = ikg(e, - 1)1/2 (co. 0+ ":—0) : (241)

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

2r3 - 8rr? + [r? - 2a(Hy + Hyp)1ry + 2aHr =0, (242)
where
h;
Hi=h\1-—), i=1,2. (243)

Equation 242 has the solution

r= -;— +sgn (H; - Hy)P cos (c_ﬁ:;_g), (244)
where
1/2
4 r\2
and
2ar|H, - H, |
<IJ=cos'1(—————1 2 ) (246)
P3

The grazing angle  is then found from the approximation

h h r
tanwz—l(1-—1> i (247)

r a 2a

If the grazing angle is found to be less than or equal to 0, the pattern-propagation factor is
set to 1 X 1029, 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 + hy (R, + Ry)%asin y cos ¢ 1) i
P=WN- "2/ |®; *Ryasiny + 2R, R, (7 e i

(R, + Ry)G

and

AR =

(249)

1+(1-G)12

|
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where

: [ 2siny \?
G= <R1 +R2) R, R, (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 A/4, since this is the generally accepted
limit of validity for the analytical method applied to the interference region. If AR < \/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 A\/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

€, sin ¥ - (¢, - cos® Y)1/2
I',=pe"% = (251a)
E : €, 8in Y + (€, - cos? \l/)”2

and

e sin y - (€, - cos? )1/2
Ty =ppe ™ = , (251b)
sin y + (€, - cos? qll)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:

I' = poe™™® = [(I', cos 0)% + (T, sin 0)2]'"2. (252)

» The two remaining parameters that contribute to the pattem-propagation factor are
; i the roughness factor and the directional field-strength ratio. The roughness factor is [6]

r, = e-20@-Hsiny yA)? (253)
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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 a,

2/

The field-strength ratios f(0,) and f(0) for the direct and reflected rays are computed
in subroutine GAIN.

H, = (254)

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

f(03)

i T -i(kga R+p) ; (255)
1

F=|1 poDr,e

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 A/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, (Z5) 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 pattem-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 internolation
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 (A, in Eq. 239)
CGAM Reflection coefficient (I" in Eq. 252)
CGAMH Horizontal polarization reflection coefficient (I'), in Eq. 251b)
CGAMV Vertical polarization reflection coefficient (I', in Eq. 251a)
CTEMY I Complex dielectric coefficient (¢, in Eq. 235)
Table continues.
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Table 24 (Concluded) — MULPTH Variables

Fortran Variable

Description

Ccu1

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
22

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

Divergence factor (D in Eq. 248)

Ordinary dielectric constant (¢; in Eq. 235) '

Pattern-propagation factor (F in Eq. 236)

Pattern-propagation factor (F in Eq. 236)

Field-strength ratio for the direct ray (f(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) (r5 in
Fig. 6)

Field-strength ratio for the reflected ray (f(6,) 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) (h, 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 Egs. 244 and 246)

Linear polarization (deg) (0° = horizontal and 90° = vertical)
(0 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 (pg in Eq. 252)

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

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

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

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

Wavelength A (m)

Frequency of the next mode to be considered (MHz)

Imaginary part of CA

Wavenumber k = 27/\

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

Roughness factor (r, in Eqs. 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, or 2ry /L

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

Antenna height in natural units (7, in Eq. 236)

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

-

A AR e

e i B X




W —

NRL REPORT 8228
Subroutine NEWPOS

Subroutine NEWPOS is called by the executive routine to calculate the position of all
targets and jammers for game time 7. 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 7' + dT, where d7T 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 7' is determined. If
t,<T<t, (256)
where T is the current game time, t; is the time target J leaves its initial position, and ¢, is
the time target J arrives at its final position, then the target is active and the target-status

indicator ISTAT(J) is set to 1 (Table 25). Otherwise, ISTAT(J) is set to 0 to indicate an
inactive target, and the subroutine proceeds to the next target.

If target J is of type 0, with a straight-line trajectory, or of ¢, ' from two to
four altitude legs, the subroutine first determines the ratio of the ela,. ‘o the total
target time according to

T-t
A= e, (257)
t -t

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

X =xi+AT(x,-xi), (258)

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

Zp T 2 + A’I‘(Zf - Zl'), (260)

where (x,, y;, z;) and (x,, Yy 2y) are the initial and final position coordinates respectively for
target J.

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

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

t,(1) =t (262)
and
ta(N) = tg, (263)
99
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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 = —_—————ta(k)-ta(k-l) , (264)

the z coordinate for target J of type 1 at time T is
zp =2z,(k - 1) + AT[z,(k) - 2,(k - 1)], (265)
where z, (k) is the designated altitude of target J at node k at time t(k). The z component
2z, and the magnitude d,, of the direction vector for target J originally calculated in subroutine
MATCH are also updated:
z,=2p ~2z,(k-1) (266)
and
dﬁ = xf + yg + zf. (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=uoT-t,), (269)
so that
xp=x;+dcos (0;) (270)
and
yr =y; +dsin (), (271)

where v is the speed of target J and 0, is the initial heading of target J. Similarly, if
T>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=uT-t,), (273)
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so that

xp=x, +dcoslf (274)
and

Yp =y, +dsin 0,, (275)

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

iy ST, (276)

then the target is performing its maneuver, so that if

A=uv(T-ty)ry, (277)

and
¢ =0;+ TURN(A - 7/2), (278)

then
Xp =x, +r, cosd, (279)
Y =Y, + Iy sin g, (280)

and
2 = 2js (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 (¢ + TURN®/2), (282)

¥, = sin (¢ + TURN7/2), (283)
and

d? = x2 +y2, (284)

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

Once the target’s coordinates (xp, y, 2p) 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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dy’r SV = (286)
and

dZT=ZT =2y, (287)
where (x,., ¥r, 2,) is the stationary position of the radar. The target azimuth 0 is

0 = tan™! (dyp/dxy). (288)
Once the target azimuth at time 7 has been computed for target dJ, the corrected target

positions (xT,,dT, yrr’dvr, zT*dT) and (dede’ dyT,,dT, dzT*dT) with respect to the
designated origin and the radar respectively and a corrected azimuth 07447 are obtained by
repeating the preceding sequences of calculations with time 7' replaced by T + dT, where

dT =80 p/2m, (289)

in which s is the radar scan period and 0 . is the target-/ 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

D = (dx}, 47 +dy2, 1) 12. (290)
This can be approximated by
D = (2aghy)'2 + (2ayh,)12, (291)

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

ol o]
hy [95_2 (ha) ] (292)

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

hp - hy
tan o = D
hp piz n2\
ol (-~ A 9
D 95.2 D1/2 (2 o

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,I)
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 «
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 T + 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.) (dxq in Eq. 285 and
de+ dar in Eq. 290)

Coordinate y of target J with respect to the radar at time T and
then corrected to time T + 4T (n.mi.) (dyp in Eq. 286 and
dyT,dT in Eq 290)

Coordinate z of target J with respect to the radar at times 7 and
then corrected to time T + dT (n.mi.) (dzp in Eq. 287 and
dzp4qr)

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 1 Description
DOTP Normalized dot pioduct of the vectors defined by VEL and DEL
(cosine of the angle between the vectors)
DSTAR Distance from the radar to the horizon (n.mi.)
DT Ratio of the elapsed time in flight to the total flight time for target J
(AT in Eq. 257)
DX Coordinate x of target J with respect to the radar at time 7' and

then corrected to time T + dT' (n.mi.) (dxp in Eq. 285 and
dxp g in Eq. 290)

DY Coordinate y of target J with respect to the radar at time T and
then corrected to time T + dT (n.mi.) (dy in Eq. 286 and
dyT*dT in Eq 290)

DZ Coordinate z of target J with respect to the radar at times T and
then corrected to time T + dT (n.mi.) (dzy in Eq. 287 and
dzp.qr)

HEADF(J) Final heading of target J with ITYPE(J) = 2 (0 in Eqs. 274 and 275)

HEADI(J) Initial heading of target J with ITYPE(J) = 2 (¢; in Egs. 270 and 271)

IFLAG Flag to indicate if calculations are being performed with respect to
T (IFLAG=1) or T + dT (IFLAG = 2)

ISTAT(J) Status indicator for target J:

0 = inactive
1 = active
ITYPE(J) Type of target profile for target J:

0 = straight-line trajectory
1 = altitude legs
2 = maneuver

NALT(J) Number of altitude nodes for target J with ITYPE(J) = 1

NUMTGT Total number of targets plus jammers

PIOVR2 One half of 3.1415926536, or 7/2

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

SHIP(1) Coordinate x of the radar position (n.mi.) (x, in Eq. 285)

SHIP(2) Coordinate y of the radar position (n.mi.) (y, in Eq. 286)

SHIP(3) Radar antenna height (n.mi.) (h, in Egs. 291 through 293)

SHIP(4) Square root of the antenna height ((n.mi.)1/2) (h}/? in Eqgs. 291
through 293)

SPEED(J) Speed of target J with ITYPE(J) = 2 (n.mi./h) (v in Egs. 269 and
2173)

T Current game time (h) (7 in Eqg. 256)

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

TIME3(J) Time when the radar scans target J (s) (T + dT in sentence containing
Eq. 289)

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

Table continues.
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Table 25 (Concluded) — NEWPOS Variables

Fortran Variable

Description

TMANI(J)

TRGPOS(J,1)
TRGPOS(J,2)
TRGPOS(J,3)

TRGPOS(J,4)
TRGPOS(J,5)

TRGPOS(J,6)
TRGPOS(J,7)
TT

TURN(J)

VEL(J,1)
VEL(J,2)

VEL(J,3)
VELMAG2
XMANF(J,1)

XMANF(J,2)
XMANI(J,1)
XMANI(J,2)

XYZF(J,1)
XYZF(J,2)
XYZF(J,3)
XYZF(J 4)
XYZI(J,1)
XYZIJ,2)
XYZI(J,3)
XYZI(J,4)

Time when target J with ITYPE(J) = 2 begins its maneuver (¢,, in
Eq. 268)

Coordinate x of target J at time T and then corrected to time T + dT
(n.mi.) (xp in Eq. 258 and x4 47)

Coordinate y of target J at time T and then corrected to time T + dT
(n.mi.) (yp in Eq. 2569 and y 1, 47)

Coordinate z of target J at time T and then corrected to time T + dT
(n.mi.) (27 in Eqs. 260, 265, and 281 and z, 47)

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

Azimuth of target J at time T and then corrected to time T + dT
(rad) (04 in Eq. 289 and 0, 47)

Elevation of target J measured from the horizon (rad) (« 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 IFLAC

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 Egs. 267, 283, and
284)

Target-J direction-vector z component (2, in Egs. 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.) (x; in Eq. 258)

Final coordinate y for target J (n.mi.) (y7in Eq. 259)

Final coordinate z for target J (n.mi.) (2 in Eq. 260)

Final time for target J ( trin Eq. 256)

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

Initial coordinate y for target J (y; in Eq. 2568)

Initial coordinate z for target J (2; in Eq. 260)

Initial time for target J (¢; 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 retum 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[1<240, (295)
where R is the target range and A is the target azimuth, Ny is the number of referznce 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 (N 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 (A; in Eq. 295)

Subroutine RNGCEN

Subroutine RNGCEN is called by subroutine MULPTH. Its function is to determine
the location of the reflection point on a surface with a radius of 4/3 of the earth’s radius,
corresponding to a path-length difference of 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
)\) r t (296)

sin Y = 2(— ——
4/ (\/4)? + 4h,h,

where \/4 represents the path-length difference and h,, 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= ddlny , (297)
1+ [1+(2h,/asin? y)]Y2 1+ [1+ (2h/asin® y))1/?
hr . ht

where a is 4/3 of the earth’s radius. The function f, defined as
A
=A~— 298
f 2 (298)

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

: ik 1
sin ‘pnew = 8in wold o f [df/d(sln ‘p)]’ (299)

A new value of A is then computed using sin { ., , and this process is continued until the
convergence criterion |f| < A\/40 is satisfied. When this occurs, the corresponding values of
r1,rg, 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
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TARGET

Fig. 14 — Spherical-earth geometry

Equation 297 is developed as follows: From Fig. 13 or Fig. 14
R =(R% +RZ + 2R, R, cos 2y)/2
= [(Ry + R3)? - 2R, Ry(1 - cos 2y/)] /2
= [(Ry + Ry)? - 4R, R, sin? y]1/2.

Equation 300 can be rewritten as

4R,R, sin?® y| "
R=(R1+R2)1‘—— ’
(Ry +Ry)?
and, since A =R - (R; + Ry),
4RyR, sin? y| "
A=(R; +Ry)<-1+|1- ——— —
(Ry +Ry)?

(4R Ry sin? Y)/(R, + Ry)?

=(R; *Ry)

{1 -[(4R,Ry sin? V)/(R, + 122)2]}”2 ¥

(300)

(301)

(302)

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

simplified to
i
2R, R, g
A= ——— gin? Y= ———— sin? .
Rl "'Rz R;l +R51
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To reduce Eq. 303 to Eq. 297, R, and R, must be expressed in terms of h,, h,, and
sin ¥, which is accomplished as follows: From Fig. 14

Neglecting h,./2a gives

Applying the quadratic formula to Eq. 305 yields

Similarly

h2 -R? + 2ah h [h R
BN, T . el i -
. T R, (2:: % 1) 2 - o
S A (305)
sin y = R, il
2h,
E = g (306)
sin Y + [sin2 Y + (2h,/a)]}/2
R, = (307)

sin ¢ + [sin? ¢ + (2h,/a)] /2

Substitutions of Egs. 306 and 307 reduce Eq. 303 to Eq. 297.

Table 27 — RNGCEN Variables

Fortran Variable

Description

Wavelength divided by 4 (m) (A\/4 in Eq. 296)

Height of the antenna (m) (k, in Eqs. 296 and 297)

Height of the target (m) (h, in Eqs. 296 and 297)

Slant range from the radar to reflection point (m) (R, in Eq. 300)

Slant range from the reflection point to target (m) (R4 in Eq. 300)

4/3 of the earth’s radius (m) (a in Eqs. 299 and 306 through 307)

Sine of the grazing angle (sin ¢ in Egs. 298, 299, 301, and 306
through 307)

Ground range from the radar to the reflection point (m) (r; in text
after Eq. 299)

Ground range from the reflection point to the target (m) (rg in text

after Eq. 299)
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Subroutine SIGNAL

Subroutine SIGNAL is called by the executive routine every scan for each target and
radar mode. For a given target JTAR, the subroutine computes the free-space returning sig-
nal power PWR and the total received signal energy SIGEN, the latter taking into account the
effects of multipath propagation and rain attenuation (Table 28). A second entry point
NOISE calculates the noise energy (including jamming) EN and clutter energy EC associated
with the target JTAR.

Subroutine SIGNAL first calls subroutine TARSIG to compute target JTAR’s radar
cross section ¢ as a function of aspect angle. This is then used to determine the free-space
returning signal power at the beam maximum according to

PpG2\20Lg LyLy

P, (308)

R4(4m)3

where P 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 (m2), L, is the
receiver antenna loss, L is the loss between the transmitter output and free space, Ly, is
the mode-dependent !oss, and R is the target range (m). The received signal energy for a
pulse of duration 7 is then

Sg = 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(0)
that is applied to the received-signal energy according to

81 =8olf(0))2. (310)
Rain is modeled by a large number of independent scatterers, each of cross section o;

and located within the radar resolution cell. This method is suggested by Skolnik [8]. Ac-
cordingly the total rain cross section is s

OR = Vm Z O, (311)
where V,, is the volume of the radar resolution cell:
T
Vi = (%) R20505 (?c) ; (312)

where 0y and ¢y 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

]
0;= — |KP2DS, (313)
A4

where K depends on the dielectric constant of the scatterer and K2 is approximately 0.93
for water at 10°C when A = 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% = 200r1 6, (314)

]

Substituting Eqgs. 312, 313, and 314 into Eq. 311 and using a value of 0.93 for K2
gives the total rain cross section ¢ R in the resolution cell as

0p =6.706 X 1076 7,00, R2r18)\-4, (315)
This expression for o, is used to determine the rain’s contribution to the total noise.

The two-way rain attenuation is calculated by fitting a curve to data published by
Nathanson [9]. The data show a logarithmic relationship between attenuation and fre-
quency that can be expressed algebraically as

2a=1.753 X 10-3 £187 (316)
where 2o 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 A, = - 1078 Rr\~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 By is then

8=8,F%A, [min (Bg1,, 1)], (318)
where the bandwidth adjustment is consistent with matched-filter analysis.

The four components that are considered to be contributory to noise—thermal noise,
jamming, sea clutter, and rain backscatter—are calculated through entry NOISE.
Thermal noise energy is determined from
Np =F,kT,, (319)

where F, is the receiver noise figure, k is Boltzmann’s constant, and T, is the system
temperature in degrees Keivin,
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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 attenuation,

Rain backscatter energy is computed according to
60RSI T
Ep= ——, (320)
oF4f%(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
Ey =(Np +E; + Ep) max (Bp7,, 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) (Np 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 (E in Eq. 321)
ENVIR(4) Rainfall rate (mm/h) (r in Eq. 314)
ES Signal energy (J) (S in Eqs. 318 and 320)
FAC Propagation factor (F in Eq. 318)
FHV(1) Beam-pattern factor (power) (f(0) in Eq. 310)
IMODE(J,1) Number of pulses integrated
IMODE(J,2) max (Byp7,, 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) (6g in Eqs. 312 and 315)
RC(5) Vertical 3-dB bheamwidth (rad) (¢ in Eqgs. 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 (Lp in g
Eq. 308) "
Table continues. ; Fa
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Table 28 (Concluded) — SIGNAL Variables

Fortran Variable Description ]
RC(10) Boltzmann’s constant times the system temperature (k7' 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 (m? ) (R,4 in Eq. 308)
RNCS Rain cross section for rain in the resolution cell (m#) (g, in

Eqgs. 311 and 315) ;
SIGEN Signal energy (J), same as ES (S in Egs. 318 and 320)
SMODE(J,2) Rain-clutter improvement factor (I, in Eq. 320)
TARCS Target cross section (m2) (0 in Eq. 308)
TAUNEXT) Compressed pulse length (s) (7, in Eqs. 312, 315, 318, and 321)
WVL Wavelength (m) (A in Egs. 308, 313, 315, and 317)
XNMTOM Conversion factor (nautical miles to meters)

eI = SRR S s i - o RS
Subroutine TARGET

Subroutine TARGET is called once by the executive routine. Its purpose is to read in
target and jammer characteristics and trajectory data, which it converts from kilofeet,
seconds, and watts per megahertz to internal units (nautical miles, hours, and watts per
hertz) for use by other subroutines. In addition, preliminary calculations are performed for
maneuvering targets, and the coefficient array for computations of target radar cross sec-
tions is determined.

A maximum of 20 targets (to be detected) and jammers (additional sources of jamming
radiation) in any combination may be defined. The first input card read by subroutine
TARGET specifies the number of targets NTARG and then the number of jammers NJAM.
Each target or jammer is defined by a pair of cards; the NTARG pairs of cards immediately
following the first input card define the targets, and the next NJAM pairs of cards define
the jammers (Table 29).

The initial card (of the pair) for a target (or jammer) contains the following data:

XYZI — Initial position coordinates and time (x, y, 2, t); (kft and s),
XYZF -~ Final position coordinates and time (x, y, 2, t) (kft and s), with t; being
ignored for a maneuvering target (ITYPE = 2),
SIGTAR — Head-on, broadside, and minimum radar reflective areas (m? ),
SIGJAM — Jamming power density (W/MHz),
MODEL — Marcum-Swerling cross-section model number.
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The contents of the second card varies according to the value of its first parameter
ITYPE, which specifies which of the three defined types of flight profiles the target will
follow. Target profile type 0 (ITYPE = 0) consists of a straight-line trajectory from the
initial position to the final position. The target’s constant speed is determined from the
initial and final times specified for these positions. Therefore the second card for a target
of type 0 is blank (but cannot be omitted).

Target profile type 1 (ITYPE = 1) is defined as a piecewise linear trajectory consisting
of from two to four altitude legs. These legs are determined by specifying from one to three
altitude nodes and corresponding arrival times. Therefore the compiete trajectory consists
of straight-line segments between altitude nodes, with the projection of the profile on the
xy plane being a straight line between the initial and final positions. The second card for a
type-1 target contains the following data:

ITYPE(J) — Target profile type (1),
NALT(J) — Number of altitude nodes,
ALT(J,1) — First altitude (node) (kft),

TALT(J,1) — Time of arrival at the first altitude (s),
ALT(J,2) — Second altitude (node) (kft),

TALT(J,2) — Time of arrival at the second altitude (s),
ALT(J,3) — Third altitude (node) (kft),

TALT(J,3) — Time of arrival at the third altitude (s).

Target profile type 2 (ITYPE = 2) is defined at a constant altitude and consists of a
straight-line trajectory from the initial position at the defined speed and heading to a
specified time when the maneuver begins. The maneuver (turn) occurs in the horizontal
plane according to the specified g capability. The maneuver terminates when the target is
heading toward its final position, at which time the profile returns to a straight-line trajec-
tory to the target’s endpoint.

The second card for a type 2 target contains the following asta:

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-
foomed 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=u(t, -t,), (322)

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

Xy, =x; %+ Acos (b)) (323a)
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and
Ym =¥i+ Asin(h)), (323h)
where x; is the x coordinate of the target’s initial position, y; is the y coordinate of the tar-
get’s initial position, and k; is the initial heading of the target. To determine if the maneuver

is clockwise or counterclockwise (looking into the xy plane), the heading of the vector de-
fined from the point of maneuver to the target’s final position is computed:

1/2

hy = cos™ ([xp = 2%, 1/ [ = 2)2 + (V7 =¥ )21, (324)

where xg is the x coordinate of the target’s final position and Yr is the y coordinate of tar-
get’s final position. If h; < and either h,, <h; or h,, 2 h; + m, or if h; 2 7 and both h,, <
h; and h,, 2 h; - 7 (the point (xf, Yr) lies to the right of the initial heading vector), then
the maneuver is clockwise and flagged by TURN = -1. Otherwise the maneuver is counter-
clockwise with TURN = 1.
The radius of the maneuver circle is
m = V%18, (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
Xo = Xp, + 1y, cos(h; + TURN 7/2) (326a)
and

Ye =¥m * I'm sin (h; + TURN n/2). (326b)

If

1/2

d=[(x;-2.)% +(y,-9.)%1 " <r,p, (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 « and 8 be defined by

a=cos! [(x/ - x,)/d) (328)
L 2
and

B=sin"! [r,,/d]. (329)

The heading hy of the target as it terminates its maneuver and begins its final leg is then
hy = a+ TURN g, sina =0, (330a)
=2 -a+ TURN g, sina < 0. (330b)
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The point (x,,, ¥,,) where the target terminates its maneuver is
X, =x,*r, cos (h, —TUR‘N m/2)
and
Yn = Y¢ * 'y 8in (hy -~ TURN ﬂ/é):
and the time t,, the target reaches (x,,y,) is
t, =t,m +v(Ah)/g,
where
Ah=hs-h;, (he-h) >0,
=hp-h;+2m, (hy - hy) <O.
The time t; the target arrives at its final position is

1/2

tp=t, + ﬁxf'xn)z +(yy -y,,)2] [v.

(The final time specified as input for a type-2 target is ignored and may be omitted.)

(331a)

(331b)

(332)

(333a)

(333b)

(324)

The concluding calculations performed in subroutine TARGET are those to determine
the coefficient array [A] for radar cross sections of a target. It is assumed that a target’s
radar cross section, as viewed circumferentially, generates a lobing structure and that this

structure can be represented by a linear combination of the functions cos 20, cos 40,

and

cos 80, where 0 is the angle between the line of sight to the target and the target’s broadside

axis (Fig. 15). Thus

a(f)=A, cos 20 + Ay cos 40 + Ag cos B0 + A,.

TARGET'S BROADSIDE
AXIS

RADAR
LINE OF SIGHT

TARGET’S VELOCITY
VECTOR

Fig. 16 — 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(0) is differentiated
and expressed in terms of cos 6 and sin 29:
o'(0) = 2A, sin 20 + 8A4(2 cos?6 ~ 1) sin 20

+32A4(16 cos®0 - 24 cos*0 + 10 cos?6 - 1)sin 20. - (336)
It is now assumed that the minimum radar cross section occurs at 0 = 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 a’ = 0 and cos § = - 1/2 in Eq. 336 yields

4A3'2A2 +Al =0. (337)

For 6 = 0 the radar cross section is given by the input value for the broadside cross section
B. These values together with Eq. 337 reduce Eg. 335 to

®(0) = 3A, - 3A, + 4A, = B. (338)

For § = 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 = n/3 the radar cross scction is given by the input minimum value M. This yields
-3A2+3A3-2A4=2M. (340)

Solving Eqgs. 337 through 340 for Ay, Ay, A3, and A, gives the results

B +2M

By as. (341a)
B+ 3N -4A,
Ayi P s (341b)
Ay =DBAg -N+A,, (341c)
and
Ay =24, - 44,. (341d)

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

Fortran Variable

Description

A(JD)

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,])
TMANF(J)

TMANI(J)
TURN(J)

XHEAD

XMANF(J,1)

XMANF(J,2)

Coefficients calculated for use in determining target-/ radar cross
sections (A;,Ay,A3,and A, in Egs. 335 and 341)
Altitude of profile node [ 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 (h,in Egs. 330)
Initial heading of target J with ITYPE(J) = 2 (h; in Eqgs. 323)
Ty pe 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 7/
Time when target J with ITYPE(J) = 2 terminates its maneuver
(t, in Eqs. 332 and 334)
Time when target J with ITYPE(S) = 2 begins its maneuver (¢,
in Eq. 322)
Indicator for a counterclockwise (1) or clockwise (- 1) maneu-
ver for target J with ITYPE(J) = 2
Heading of the vector defined from the point the maneuver be-
gins to the final position of target J with ITYPE(J) = 2 (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 (kft to n.mi.) (xf in Egs. 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 2 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)

XYZ1(J,2) Initial coordinate y for target J (kft to n.mi.) (y; in Eq. 323b)

XYZI1(J,3) Initial coordinate z for target J (kft to n.mi.)

XYZI1(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 0 (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 2k0, so that

0(0) = Ay cos 20 + Ay cos 40 + Ag cos 80 + Ay, (342)

where 0 is the angle between the line of sight from the radar to the target and the target’s
broadside axis (Fig. 15). The coefficients 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

Fortran Variable Description

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

DOTP(JTAR) 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)

TARCS Target cross section (m2) (0(9) in Eq. 342)

TEMP(2) ~cos 20

TEMP(3) cos 40

TEMP(4) cos 80
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Subroutine UFUN

Subroutine UFUN is called by subroutine MULPTH to calculate the U functions that
are used in determining the pattem-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@X) 2O X\U,(2,)U; (Zg)], (343)

and UFUN evaluates the function U, ( Zj) for the values of Z i given in its calling sequence.

The term Z; is alternatively assigned the height of the radar (Z, ) and the height of the target

(Z,) 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 ( Z;) can be
expressed in terms of the function hy(x). This 1s found (7, p. 109] to be

h2(Zj +A,)

U(Z;)=i 7
1 ]) hz(A])

(344)
The quantity A, is calculated in MULPTH and corresponds to CA in the calling sequence
(Table 31), and hy, indicates the derivative of hy.
The function hy(x) can in turn be expressed in terms of Airy functions:
ho(x) = i24/331/6 Aj(xe/3). (345)
Expressions for evaluating the Airy functions are found in Ref. 10. The Airy function is
Ai(z) = ¢11(2) - cp8(2), (346)

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

1 14 1-4-7
REy=1+ s A% aee e 2 + (347a)
and
L 2 4.26 4 268 1y
g(z)—z'r-a z +—7T A 10! z (347b)
For values of |z| > 3, Ai(z) is approximated by an asymptotic expansion:
Ai(z) 1 12,18 - Z (- ¥n,u*, (348) ‘
2 |
k=0 ;
L
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Table 31 — UFUN Variables

Fortran Variable

Description

CA
CAl
CA13
CAl4
CAIR
CAIRP
CANS

CcC

ISWIT

OLDZ
RTPI
XC1
XC2
XMUL1

XMUL2

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

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

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

(Aqein/3)-1/4 (2-1/4 in Eq. 348)

The kth term of the asymptotic expansion of the Airy func-
tion (Eq. 348) with argument (Z; + A )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 Egs. 343 and 344)

(1/2)m-1/2(CZ)-1/4e-# (factor in Eq. 348)

-(1/2)m-1/2(CAI)1/4e-1 (factor in Eq. 348)

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

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

fl(Z; + Ap)ein/3] summed to the kth term (f(z) in Eq. 347a)

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

&[(Z; + Aq)ein/3] summed to the kth term (g(z) in Eq. 347h)

g (Ayein/3) summed to the kth term

h function used in determining U (hg(Z1 + A1) in Eq. 344)

Derivative of the h function (hy(A;) in Eq. 344)

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

Previous value of CANS

ein/3 (Eq. 345)

(Z2 + Aq)ein/3 (an Airy-function argument 2)

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

[(Z; + Aq)ein/3]-1/4 (2-1/4 in Eq. 348)

Counter k 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=|CAl1|>3

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

0 = initial pass or new mode
1 = same mode as previous pass
Value of Z j on the previous entry to UFUN
m
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(2)
. (Eq.347a)
Coefficient of the kth term of the power series for g(2)
(Eq. 347b)
Height of the point in space under consideration (Zj in
Eq. 344)
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where
223/2
= 49
M 3 (349)
ng=1, (350)
and
'3k +1/2) (351)
54% k! (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 (Egs. 62 and 126)

T=p+ Fy0 (A1)

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

T=Fyi, (A2)

the appropriate value of F; can be found from

4-n
F,=1+F, M (A3)
where M is the number of pulses integrated. For log video and a threshold of the form
(Egs. 64 and 128)
T= ﬁ + F3 (A4)

the appropriate value of F3 can be found by Monte Carlo techniques employing importance-
sampling techniques.

For a probability of false alarm equal to 10~ the appropriate values of F; are given in
Table Al.

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

Threshold Value for a Given Number of Samples
Type of Video Threshold Type
1 2 | 4 | 8 | 16| 32 [ 64 [ 128
Linear T=Ep . 6.10 | 586 | 5.62 | 540 | 65.26 65.12 65.04 4.96
Linear T=p+Fa0 419 | 3.16 | 2.47 | 2.00 | 1.69 1.47 1.33 1.23
Log T=u+Fg 1.69 2.63 424 | 655 | 9.78 | 156.0 223 32.0

*G.H. Robertson, “Operating Characteristics for a Linear Detector of CW Signals in Narrow-band Gaussian
Noise,” Bell Syst. Tech. J. 48,755-774 (Apr. 1967).
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Appendix B
PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET2D

PROGRAM SURDET
THIS IS5 THE SURDET2D EXECUTIVE ROUTINE

cceeeececcecececcccecccccccecceccececcccecccccccececccccccccccccccccccccccc

DESCRIPTION OF DATA CARDS
DATA CARD NO. 1

DETATLED OUTPUT CONTROL INTEGER (IS FORMAT)
0 = N® YUTPUY TO BE PRINTED
1 = DETECTION OUTPUT TO BE PRINTED
2 = DEVAILED OUTPUT T& 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 DESCRI?TIVE TITLE

DATA CARD NO. 3

SHIP (RADAR) POSITIAN (4FB.2 FORMAT)
1-3 PASITION COORDINATES (XypYeZ) IN KFT
4 SHIP HEADING IN DEGREFS

DATA CARD N, 4

11 BASIC RADAR PARAMETERS (IFR.29129F6.2 FORMAT)
1 RADAR FREQUENCY IN MHZ
2 ANTENNA PATTERN FUNCTION INDICATOR
0 = PENCIL BEAM
1 = COSECANT SQUARE REAM
RECEIVER NOISE IN DH
HYRIZONTAL 308 BEAMWIDTH IN OEGREES
VERTICAL 308 BEAMWIDTH IN DEGREES
ONE-WAY ANTENNA GAIN IN DB
ONE-WAY SIDELOBE LEVEL IN CB DOWN
RECEIVER LOSS IN D8
TRANSMITTER LOSS IN 08
NUMBRER AF SCAN MODES
LINEAR POLARIZATION IN DEGRFES
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0 = HORIZONTAL
90 = VERTICAL

DATA CARDS NO. S AND & (ONE SET FOR EACH RADAR SCAN MADE)

15 PARAMETERS FOR EACH SCAN MODE (10FB.2/5F8.2 FORMAT)
LOWFR BAUNDARY ELEVATION ANGLE COVERAGE IN DEGREES
UPPER BOUNDARY ELEVATION ANGLF COVFRAGF IN DEGREES
PEAK POWER IN MW

PULSE LENGTH IN RICROSECONDS

INTERLOOK PERIOD IN SECONDS

SCAN OFFSET IN SECONDS

INSTRUMENTED RANGE IN NMY

MODE NEPENDENT LOSS IN DB

NUMBER 9F PULSES INTEGRATED i

VT NN DN -

10 COMPRESSED PULSE LENGYH IN MICROSECONDS

11 S*A CLUTTER [MPROVEMENT FACTOR IN DB

12 I.Fe. BANDWIDTH IN MH2,. IF 0, BANDWIDTH WILL BE SET
AT 1.,0/CCONPRESSED PULSE LENGTH)

13 MADE DFPENDENT FREQUENCY INCRFMENT IN MHZ

14 BLANKING TIME IN MICROSECONDS. IF 0y SET AT
PULSE LENGTH {

15 RPAIN CLUTTER IMPROVEMENT FACTOR IN NB

DATA CARD NO. 7 k

T PARAMETERS FOR MOVING WINDOW DETECTOR (TF8.2 FORMAT)
1 N9. OF REFERENCE CELLS ON EACH SIDE OF TARGET CELL
2 CLUTTER CORRELATION COEFFICIENT
3 No, OF STANDARD DEVIATIONS USED IN THRE SHOLD
4 NN, 9F DEVECTIONS THAT CAN BE MISSED AND DETVECTIONS

STILL MERGED INTO A SINGLE DETECTION
5 VIDEN TYPE INDICATO%
0 = LINFAR VIDEO
1 = LOG VIOEO
6 NO. OF REFERENCE CELLS USED FOR THRESHOLD {
0 = ALL CELLS USED
€0 = SMALLER HALF USED
>0 = LARGER HALF USED
T PAKAMETERS USFD TO CALCULATE THRESHOLD
1 = WMEAN USED
2 = MEAN AND VARIANCF USED {

DATA CARD NO, #

alalalalalalalalalalslalalnlalalaliniainlniaialalalial Nl ale N o o el el N ol el o Falal o Nafa R o Na Nl o Nal

NUMEFK 0f TARGETS AND JAMPERS (215 FORMAT)
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1 NO, OF TARGETS
2 NO, OF JAWMRERS

DATA CARDS NO. 9 AND 10 C(ONE SET FOR EACH TARGET AND JAMMER)

CARD 9 13 TARGET PARAMETERS (12F6.2513 FORMAT)
TARGET TRAJECTORY SHOULD NOT CROSS O DEGREES IN AZIWUTH
1-4 INITIAL COORDINATES (X9Y9lZyT) IN KFT AND SECONDS
5-8 TERMINAL COORDINATES (X,V9ZyT) IN KFT AND SECONDS

9-11 RADAR REFLECTIVE AREAS FOR HEAD-ON,
PROAD~SIDE, AND MINIMUM IN SQ. METERS
12 JAMNMING POMWER DENSITY IN W/MHZ
13 WMARCUM SWERLING CROSS SECTION MWODEL

CARD 10 TARGET PROFILE PARANETERS  (I4,7F6.2 FORMAT)
1 TARGET PROFILE TYPE
0 = STRAIGHT LINE TRAJECTORY
1 = 2-4 ALTITUDE LEGS
2 = G-MWANEUVER AT CONSTANT ALTITUDE
REMAINING PROFILE PARAMETERS BY TARGET TYPE
IF TARGET TYPE = 0
2-8 IGNORED
IF TARGET TYPE = |
= NO. OF ALTITUDE NODES
FIRST ALTITUDE NODE IN KFT
TIAE OF ARRIVAL AT FIRST NODE IN SEC
SECOND ALTITUDE NODE IN KFTY
TIME OF ARRIVAL AT SECOND NODE IN SEC
THIRD ALTITUDE NODE IN KFT
TIME OF ARRIVAL AT THIRD NODE IN SEC
IF TARGET 'TYPE = 2
TARGET SPEED IN KFT/SEC
INITIAL HEADING IN DEGREES
TINE MANEUVER BEGINS IN SEC
TARGET MANEUVER RADIAL ACCELERATVION IN G°S

E~NOVIEWN

LU I T T L)

"N

wewnN

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 PAINFALL RATE IN MM/HR
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DATA CARD NO. 12

9 FIXED CLUTTFR PARAMETERS (218,7FR,2 FORMAT)

1 INITIALIZATION FOR RANDOM NUMBER GENERATOR FOR
GFNFRATION OF FIXED CLUTTER POINTS
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 DEVIAVION 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 OF AZIMUTH MEASUREMENT
AS A PERCENTAGE OF HORIZONTAL 30B BEAMWIDTH

SVMeEr N

cxE~

NATA CARD NO. 13

2 BASIC VARIABLE CLUTTER PARAMETERS (218 FORMAT)
1 INITIALIZATION FOR RANDOM NUMBER GENERATOR FOR |
GENFRATION OF VARIAALE CLUTTER POINTS {
2 N0, OF CLUTTER REGIONS

OATA CARD NO. 14 CONE CARD FOR EACH CLUTTER REGINN) J

5 PARAMETERS FOR EACH CLUTTER REGION (5FR.2 FORMAT)
AVERAGE NUMBER OF CLUTYTER POINTS IN REGION
INITIAL RANGE OF CLUTTER AREA IN KFY

FINAL RANGE OF CLUTTER AREA IN KFT

INITIAL AZIMUTH OF CLUTTER AREA IN DEGREES

FINAL AZIMUTH OF CLUTTER ARFA IN DEGREES

WP N -

DATA CARD NO. 15 <

4 ROLL AND PITCH PARAMETERS (4FB.2)
1 MAXIMUM ROLL ANGLE IN DEGREES
2 MAXIMUM PITCH ANGLE IN DEGREES
3 ®OLL PERIOD IN SFCONDS
4 PITCH PERTOD IN SECINDS

DATA CARD NfM,. 16

C
[
€
C
C
[ =
C
..
C
C
C
C
C
C
C
C
[ -
C
C
C
C
C
C
C
[~
C
C
(4
C
(4
(#
C
(4
{
C
[ #
..
G
.
«
C
€
C
4
[
.
(-
(%
(
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')

TIME PARAMETFR (FB,2)

(8 GAME TIME CIN SFC) BY WHICH RADAR IS TO BEGIN SCANS
C
C
C
C NDATA CARD Nf. 17
C
€ RECYCLFE CONTROL PARAMETER (IS FORMAT)
€ 1 = NEW SHIP IN WHICH CASE
¢ THE NEXT DATA CARD IS NO. 1
C 2 = NEW TARGETS
C 3 = NEW ENVIROMENT
(7 4 = RUN COMPLETED
C
C
(8
(O o o O O o 8 8 8 o o o o o 8 o 8 8 o o o o o o o o 6 o o f L o f o o o o o o o of o o o 8 8 o o o o o off o o}
C
C
0002 COMMAN NSCANGNEXT yNUMTGT o ToOLDToENDTIM o SMODE (30,420)
1 sPIsPIOVR2 S TWOPT4RADIAN, TAUC30)sDSTAR,DWL(30)
/ 2 XY21C20,6)9XYIF(2094)y TRGPOS(2097)9SIGJIARC20)
3 sSIGTARC2043)3FHV(20) s SIGMAH ISWIT,TEMPUWR
4 s SHIP(9)3RCCI0)sRMIDEC30912) 9 IMODE(3092)
0003 COMMONZB/ ENVIRC1I0)3SUBCC30)9RESCNU,CCM,ACINGBETA,
. DOTPC20)3POLRZSIKEYF o XKTOMS, XNMTOM, TARCS yWVL 4FOPIQB,FOPISQ
0004 CAMMAONIDYZ ALPHAD STGZ 9Ve AR yAR2 ¢ SIGCSIG
000% COMMON/H/FACS g AMBN o XJAMN o TKE YJG o XXX XX
0006 COMMAIN/I/ PBBS yHIF Ky THETBK9DBDOWNy THHy THV 9 GN
0007 COMMAN/TM/NTARG yNJAMSPEEDC20) o HEADIC20) s HEADF(20) 9 TMANIC20),
1 TMANF (20) 9 XMANT (209 3) 9 XMANF(2093)9GTURNC20)y TURNC20)
2 CM(2092) s RADMC20)9 ITYPEC20)9ALT(2095)9 TALT(2045)9NALT(20)
000GR COMMON/TS/ZISTAT(20),TSCANC20,30)
0009 COMMAN /CLTAUT/Z ROUT(201)9AZOUT(201),ELOUTC2C1)oTOUTC201),
"1 RLOUT(201)5PTAUTC201)9SOUT(201)sNCCL00)5IC,1IV
0010 COMMON /DET/ NDETC20)oMERC20)9RANGF (2053)9A2(2046)9SNDETC20453),
! ELEV(20453)9 TIME(C20)
0011 COMMAN /STABZ ROLLC20)4PITCHC20)
0012 DIMENSTIAN ITITLEC20)
00113 DIMENSTIN BUFA(R,300),8UF (10)
0014 DIMENSIAN BUFA(S5,20)
0015 INTEGER ANSI
60016 CALL PESTHP
0n17 1607 = 10
0018 CONV=4,342944819
0019 RF=H392375.04
0020 CNY=1618R3,5674
0021 CCYM=30000000000. ;
0027 BETA =.7118565021
0023 ACIN= 60770159}
' “
i o
!
i - o
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0024 XKTOM, =.5144444604
0025 XNYTIM =1H52,
0026 FAPISL =15T7.91 46706
0027 FOPTAE =19R4.4011711
0028 S 9FR = 0
0029 READ 52,ANSI
0n10 52 FOARMAT(161S)
0031 READ 00 ITITLE
0032 500 FAVMAT(14419A4)
0033 PKINT SO1oITITLE
00 34 501 FORMATC(IHL,I4,45X,19A04)
00 395 CALL INITAL
0036 19 CALL TARGETY
0037 11 CALL ENVIRN
.
(4 INITIALIZE CLUTIfR FAR TRACKING
00 48 CALL TOINIT
0039 CALL VONIY
C
€ INITIALIZE ROLL AND PITCH
0040 CALL STHINT
f
[4 READ IN TIME BY WHICH RADAR MUST BE INIVIALIZED
0041 READ 594 RINIT
0042 99 FORMAT(FH.2)
0043 PRINT SS90y RINIT
0044 590 FARMAT(IHO, " GAME INITIALIZATION BY “9Ff.2)
[
c ADD SCAN OFFSET (YROM MODE 1) To MAX RADAR INITIALIZATION TIME
0045 RINIT = RINITZ3600, ¢ RMOOFCI+6)
0n&é 1SC=0
0047 IKFYF=0
4 DFTERVING TIMES FACH TARGET COMES WITHIN INSTRUMENTED RANGE
C OF tACH RADAR MODF
0N4A CALL MATLH
C
(% DETeRMINE INITIAL AND FINAL GAME TIMES
(4
0049 T = RMADEC1,9)
00%0 ENDTIM = XYZF(CL94)
C SET TARGETS INITIALLY 1O OVER~THE-HORIZON
0051 TROGPOS(144) = =1
0ne? IFCNSCAN LT, 2) 6GA T 17
(% DETERMING INITIAL TIME FRAM MATCH
00%3 0% 15 J = 24N5CAN
0054 IHCIMADE CJy9) oLTe T) T = RMADF(J,9)
0nss 5 COHNTINUE
0056 17 IF(NTARG oLTe 2) GO TO 19
€ NETERMINE END GAME T M
0057 ne 18 1 1y NTAKC
129
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0058
0059
0060
0061

0062
0063

0064
0065
0066

0067
0068
0069
0070
0071
0072

0073
0074
0075

0076
0077

0078
0079

0080
0081
0082
0083

0084

. 0085
0086
0087
0088

0089
0090
0091
0092

18
19

506
505

20

25

30

™

DAVIS AND TRUNK
TRGPASCI94) = -1
IFCXYZF(I44) .GVe ENDVIM) ENDYIM = XYIF(I,4)
CONTINUE
CONTINUE

Stl INITIAL TIME FROM MATCH 30 SEC. EARLIFR FOR CLUTTER SAMPLES
T =T - 3,/360,

SET INITIAL GAME TIME

T = AMINI(CT4RINIT)

WRITE ID ON NDETECTION OUTPUT FILE

TEMP = 2

TEMPRB = RMODE(195)#3600.

WRITE CIOUT) ITITLECL)9TEMP,TEMPH

IF (ANS1.£Q.0) GA T3 20

MUL=ENVIR(3)

IF ( MUL .NE. O ) PRINT 506

[F ( MUL «FQ. 0 ) PRINT S05

FORMAT(/, " $38%%  WITH MULTIPATH $%333°,/7)
FORMAT(//7560X, ° $883% NO MULTIPATH $3888°,/)

NEW SCAN

ISC = ISC + 1

ICNT = 9

BUF(3) = 0

SET SCAN PRINT FLAG

IPFLAG = 0

DETERMINE TARGET AND JAMMER POSITIANS AT SCAN TIME T
CALL NEWPOS

0f 79 J = L14NSCAN
NEXT = J

ZERA ARRAYS
DO 25 T = 14NTARG
NOETCI) = 0

MER(CI) = 0

DO 70 I = 1eNTARG
CHECK TF TARGET ACTIVE

IFCISTATCI) «NE. 1) G TR 70
CHECK TF TARGET WITHIN DETECTION RANGE OF THIS MOCE

IFCTSCANCT9d) oGTa T) GO TO 70

TEMP = RMODE(J,1) = 0.63%RC(S)

TEMP2 = RMODECJ92) + 0.63%R((S)

[FCTRGPOSCIs6) oGFo TEMP LAND. TRGPOS(I96) LLE.
1 TEMP2 «AND. TRGPAOSCI,4) oLFo RMODECJ,T)
2 «AND. TRGPOS(I44) GT. SMODE(Jel)) GO TO 30

TARGET CANNOT BF DETECTED BY MODE J

GO 19 70

[FCRCCT) + DWLCNEXT) JNE. AFR) ISWIT = 0

OFR=RCCLI*DWLINEXT)

RFR=RCC1)/0FK

:
2
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0193
0094
0095
0096

0097
0098
0099
0M00
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
012¢
0127
0128

0129
0130
0131
0132
0133

507
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RC(6)=GN/PFRee 2

RC(4)=THHSRFR

RC(5)=THVSRFR

PB3S = RMADE(NEXT,1) ¢ RC(S5)/2,

ALPHAD = ¢
SIGC = O
SIG
AR1
AR?
v =0
CHECLK FOR PRINTY
TFC IPFLAG «NE. 0) GO 1O 35
IPFLAG = 1
IFC ANS1.EQ.0 ) GO T4 35
PRINT SCAN NUMBER
PRINT S07,15C
FORMAT (//777,30X, “4444444  SCAN NUMBER = “,14,° 24484¢4°,/)
IFC ANSL1.NEL2 ) GO TO 35
PRINT HEADING
PRINT 40
COMPUTE SIGNAL ENERGY AND NOISE AND CLUTTER ENERGIES FOR TARGEY [
CALL SIGNALCIZRCC11),RCC12))
CALL NOISECTIZRC(13),RC(14))
TCKkSS = TARCS
DETERMINE TARGEYT DETECTIONS IN MODE J
NRFF = RC(15)
NCONZ = RCC18)
CALL MWDET(RCC12)9RCC13)sRCC(14)5 INIDECI91)9RCC16)I9RCC1TI9NREF,
RCC19) s [9yNTARGyRCC4)yNCONZys ACONZZyRCC20),RCC21)I,RC(22)»
SNTRUF )
IF (ANS1 .NF.2) GO T9 65
BHDEG=TRGPOSCI 35)*RADIAN
BYNEG = TRGPASC(Iy6)*RADIAN
NBE =CONVSALOGC(RC(12))
DBN=CONVSALOG(RC(14))
SN=DBE-DRN
TRGP = TRGPOS(I,4)¢6.0802
AMBNDE = CANV#ALOGCAMAX]L (AMBN,1 .0€-74))
XJAMDB = CONVSALOGCAMAXLI(XJAMN,1.0E-T74))
SCNB = CANVEALOGCAMAYICSTGCy1.06E-74))
SFACS=CONVEALOG(AMAX) (FACS, 1 J0E=T74))
SNTRUE = 104%ALOGIUCSNTRUE)
PRINT 50, E9JsTIMECTI)y TRGP yBHDEG yBYVDEG, TCRSS9SFACK,DBF 4 AMBNDB
s SCDB XJAMDA 3 SNy SNTRUE g MERCI)
¥NUM = NDETCI)
IF (KNUML.EQLD) 6Y TO 65
DO 61 K=1,KNUM
RPRR = RANGECI K)*6.0802
AAAR = AZCI4K)*RADIAN

"nouwon

0
n
n
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0134
0135
0136
0137
0138
0139
0140
0141

0142

0143

0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161

0162
0163

0164
0165
0166
0167
0168
0169
0170
017
0172
0173
0174

ALITY PRACTICABLE
]K)DDC ™

IFC MERCT)NE.O ) AAAA =

$55S5 = SNDET(I
$S8S5S =

DAVIS AND TRUNK

1K)

20 .8ALOGI0CSSSS)

PRINT 55,RRRRyAAAA, S55S

55 FORMAT(5X, “¢DE
61 CANTINUE
65 CONTINUE

70 CONTINUE

o

TECTIONS “94X9F12.25F10.2919X4F10.0)

C MERGE DETECTIONS FOR THIS MODE

CALL MFRDET(RC
C CALCULATE ROLL
CALL STAB2

(e Na)

DA 74 I = 14NT
NCT = LDET(I)

IF{NCT .EQ. 0)
BUF(3) = BUF(3
DO 73 K = 1,4NC
ICNT = ICNT+1

BUFAC1,ICNT) =
BUFA(2,ICNT) =
BUFA(3,ICNT) =
BUFAC4, ICNT) =
BUFA(S54ICNT) =
BUFAC69ICNT) =

(19)yNTARGy ACONZ)
AND PITCH

SET UP DETFCYIONS FOR AUTPUT

ARG

GO TO 74
) ¢ NCT
T

I
RANGE(IsK)
AZ(T,4K)
ELEV(TI9K)
TIMECT)
SNDETCI,K)

BUFAC6ICNT)=20,+ALOGI0(BUFA(6y ICNT))

BUFA(TSICNT) =
BUFA(B,ICNT) =
73 CONTINUE
74 CONTINUE
7S CLANTINUE

C

C CLUTTER OUTPUT
CALL FXCLT2
CALL VRCLTZ2

aon

SCAN ouTPUT
BUF(C1) = ISC
BUF(2)
BUF(3)
BUF(4)
BUF (5) SHIP(
BUF (6) NTARG
WRITE CIOUT) (
[FCANS1.EQ.0)

BUF (3
2000+

ROLLCI)
PITCHCI)

FAR TRACKING

T#3600.

)+ 1v
ITITLECL)
5)

BUF(I)91=1,6)
GO 10 220

TFC BUF(3).EQ.0 ) GO TA 220

PRINT 56, (BUF
56 FORMAT(LHGZ®

(1)91=146)
SCAN NUMBER=°yF5.,0y

TIME="9F9.2y "

132
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0175
0176

0177
0178
0179
0189
o1mn
0182
0183
0184
0185
0186
0187
o188
0189

0190
0191
0192
0193
0124
0195
0196
0197
0198
0199
0200
oz2c1
0202
0203
0206
0205
0206
0297
0208
0209
0210
0211
0212

0213
0214
0215

0216
0217
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10NS="3F5.0y 7
2TS="yFhaoN/)
PRINT 58

98 FORMKAT{1BX9 " ID" 96Xy "RANGE “95X9"AZIM” 96X "ELEV "9 6Xy “TINE “9 6X9 “ESIG”
196X "RULL “9S5Xy “PITCH")

220 CINTINUE
D7 250 I = 14NTARG

RADAR ID="yF6.09 " HEADING="yFT7.2y° NO. TARGE

JUFB(1sI) = I
BUFB(251) = TRGPAS(I,4)
BUFB(3,1) = TRGPOS(I,S)
BUFB(4,I) = TRGPMS(I,46)
BUFB(5,1) = TIMECI)
250 CONTINUE
IFC(IV.EQ.0) GO T8 270
00 260 I = 1,1V
ICNT = ICNT+]
BUFAL19ICNT2 = 200
IFCI.LELIC)
1BUFACL o ICNT) = 100 + NCCI)
BUFAC2,ICNT) = ROUTCI)
BUFAC3,ICAT) = AZOUT(CI)
BUFAC4,ICNT) = ELOUTCI)
BUFA(S9 ICNT) = TAUTC(I)
BUFAC6,ICNT) = SAUTCI)
BUFAC69ICNT)=20.¢ALOGI0(BUFAC6y ICNT))
BUFACTS,ICNT) = RLOUTCI)
BUFACE69 ICNT) = 2TOUTCD)
260 CONTINUE
270 CONVINUE
DO 275 J = 1,NTARG
WRITZ (IOUT) (BUFB(I9Jd)ypI=1,5)
275 CONTINUE
IFCICNTLFC.0) GO T9 290
DO 277 J = 1,ICNT
WRITECIAUT) (BUFACIeJ)eI = 198)
277 CONYINUE
[FCANST.FC.0) GO T 290
NA 280 J = 1,ICNY
PRINT S57T,(BUFACIsJ)sI = 1,8)
ST FORMATC® DETECTIAN NUM “gF5.047F10.4)
7?80 CONTINUE
290 COGNTINUE
NEW SCAN
T = T & AMIDECL5)
IFCT 6P, ENNDTIM) GO TA 110
nM 1Y 20
80 LONTINUE

IF CISTEP.LE

«4000) GO TO 20
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0218 110 ISTEP=ISTEP-]
0219 301 CANTINUE
0220 XJAMN=0.
C READ IN RECYCLE CONTROL PARAMETER
L TANS=1(SHIP)4=2(TARGFT)s =3CENVIRINMENT ), =4(FINISHED)
0221 READ 529 IANS
0222 GO TO (5410511,160)1ANS
0223 140 CONTINUE
0224 130 CONTINUE
0225 40 FORMAT (/74TXy "MODE 442X “SIGRA®o/¢° TARGET “39Xs “TINE RANGE
196Xy "AZIN ELEY FACTOR ESIG NANB NCLY NJAN
2 E/N PER °)
0226 50 FORMAT(IX92149F11.19F12.29F10.29F10.29F5.19F5.05F9.0,3F8.0,F9.2
1,F7.2,15)
0227 60 FORMAT (1XsT4/7C1X35(FT.1,F7.5)))
0228 END
134
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SUBROUTINE FXCLT?

COMMON NSCANSNEXT gNUMTGT o ToOLDT,ENNTIM ,SMODE(C30,20)
2P14PIOVR2 TWOPIoRADIAN,TAU(C30),DSTAR,DWL(30)
o XYZI(2094)9XYZF(209%)9TRGPOS(2097)9SIGJAMC20)

»SIGTAR(2093)9yFHV(20) 9 STGMAHy ISWIT,TEMP WR

oSHIP(9),RC(30),RMODE(30412)yIMODE(30,2)

COYMMON /FCIN/ NyPROByRS9yRF9THSy THFy SIGA9SIGRy ISET

COMMON /FCPT/ R(C100)9AZC100)4RANC4O0)oN2sN34N4

COMMAN /CLTOUT/ ROUT(201)9A2Z0UTC201),ELOUTC201),TOUT(201),

1 RLOUTC201),PTOUT(201)ySOUTC201)4NC(100)5ICyIV

COMMON /STABIN/ RMAX,PMAXRFAC,PFAC,PHASE(2)

» N -

IC=0

IF (N.EQ.0) GO T 1S

TIMZB IS THE TIMF OF THE ZFRO BEARING CROSSING
TIMZB=T¢3600.

TIMSCN IS THE SCAN TIME OF THE RADAR
TIMSCN=RMADE(14%5)%3600.

RES IS THE RANGE GATE SIZE
RES=RC(19)

CALL SETVRCISET)

CALL VRANF(RANyN4)

ISET = 2147483647 .3RANC1)

[SET = 26(CISET/2) + 1

00 20 I=14N

IF (RANCI)<GT.PRAB) GH TO 20
IC=1C+1

NCCIC)=1

TH=RANCI+N)sTWIPI
RAY=SQRT (=2 .#ALOG(RAN(CI#N2)))
K=(RCID+SIGR*RAY¢COSCTH) )/RES
ROUTCIC)=(K+0.5)4RES
TOUTCIC)=TIMZB+TIMSCN&AZCI)/TWOPI

GENERATION OF ROLL AND PITCH

ALAUTC(IC )=RMAX#STINCTOUTCIC)SRFAC+PHASECL))
PTAUTCIC)=PMAX*SINCTIUTCIC)&PFACHPHASE(2))
CR=COSCRLOUTCIC))

SR=SINCRLOUTCIC))

CP=COS(PTOUTCIC))

SP=SINCPTOUT(IC))

AA=AZCI)=-SHIP(S)

TE=).

X=SINCAA)#CR+(CUSCAA)SSP+TESCP) SR
Y=CASCAA)#CP=TE#SP

A=ATAN2CX,Y)4TWOP

GENERATION OF MEASURED ANGLES

136
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0036
0037
00 38

0039
0040
0041

0042
0043
0044

0045
0046
0047

0048
0049

0950
0051
0082
0053
0N%4
0055
00%4%
0087
0058
0059
006N
0061
0062
0n63
0064
0065
0066
0067
0068
0169

URNISHED T
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UALITY'PBACTICAg&!

0 DDC

2N

50

55

10
15

DAVIS AND TRUNK

L] =A+STGA*RAY#SINCTH) +SHIP(S5)

FLOUTCIC)=0.0

AZOUTCIC)=AMODC(AM, TWOPI)

sessoosess NEED TO GENERATE JUTPUT POWER eS80 00 008
SHUTCIC)=55.5%

CONTINUE

RETURN v

INTTIALIZATION OF THE CLUTTER ROUTINE

ENTRY FCINITY
READ 50, ISET9NyPROByRSyRF 9SIGRy THS 9 THF  SIGA
FORMAT (21857FB.c)

[SET IS TNE INITIALIZATION NUMBER FOR THE RANDOM NUMBER GENERATOR
N IS THE NUMBER OF FIXED CLUYTER POINTS
PROB IS THF PBOBABILITY THAT THE CLUTTFR POINTYT 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 OF THE RANGE MEASUREMENT
AS A PERCENTAGE OF RANGF RESOLUTION CELL SIZE
THS IS THE INITIAL AZIMUTH OF THE CLUTTER AREA
THF IS THE FINAL AZIMUTH OF THE CLUTTER AREA
SIGA IS THE STANNDARND DEVIATION OF THE AZIMUTH MEASUREMENT
AS A PERCENTAGE OF HORIZONTAL 3DB BFAMWIDTH

PRINT 5543 ISEToNyPROByRSyRF9SIGR s THS g THF 9 STGA
FORMAT (1HOy® FIXED CLUTTER “521847F8.3)
CALL SETVRCISET)

CALCULATIGN OF RANGE CELL DIMENSION

RES=TAUC1)*300000.72,
RL5=RES$3.2808/6.08

RCC19) = RES = RANGF RESOLUTION CELL SIZE
RCC19)=RFS

[F (N.EQ.0) GO TO 15
RS=RS/6.0802 \
RF=RF/6.0802

THS=THS/RADIAN

THF = THF /RAD I AN
SIGA=SIGASRC(4)
SIGR=SIGR*RES

I[F (N.GTa10)) N=100

N2:2#N

N3=3eN

NG =4 *N

CALL VRANFCRAN,N2)

ISET = 2147483647 ,4RANC1)
[SET = 2s(ISET/2) + 1

08 10 I=1eN
ACL)=RSHC(RF=RSI*RANCI)
AZCI)=THS ¢ CTHF=THS)#RANCI ¢N)
RETURN

£ND
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0001 SURRAUTINE TMNITAL
0002 NTMENSTON AMADE(30,2)
0003 COMMAN NSCAN,NEXTY , NUMTGT,T,0LDT,ENDTIM ,SMODE (30,20)
1 sPI,PIAVRY ,TwOPT, RANDTAN,TAU(30),NSTAR,DOWL(30)
2 P XYZT(20,4),XYZF(20,4),TRGPAS(20,7),81GJAM(20)
3 sSIGTAR(20,3),FHV (20),8IGMAH,ISWIT,TEMPWR
4 ' SHIP(9),RPC(30),R“ODE(30,12),IMPDE(30,2)
004 CAMMAN/B/ ENVIR(10),3UaC(30),RE,CNM,CCH,ACON,BETA,
* DATP(20),POLRZ, IKEYF,YKTAMS , XNMTOM, TARCS,wVL ,FOPICE,FOPLISO
000S COMMAN/T/ PBAS,MOFK, THETRK ,DRDMWN, THH, THY,GN
00ne HC(10)8290,0%1,3R¢10,0e%(=23)
c X Y 7 SHIP CAORDINATES
ovo? READ S0, (SHIP(I),Is1,3), SHIP(S)
0008 S0 FARMAT(9FB,2,12,F6,2)
0009 PRINT S00, (SHIP(1),1=m¢,3), SHIP(S)
0040 S00 FARMAT(/,' SHIP X,Y,2, CAORDINATES ARE ',3F0,3,AX,'HEADING I8Y,
1 FA,3)
0011 MILIANE) ,0E+6
onge2 DA 30 13,3
0013 30 SHIP(I)sSHIP(1)/6,0802
0014 PIs3,141592653¢6
vo1s TwAPISPIa2,0
0016 P19vR2 sPl/2,0
0017 RADJANEZS?,29578
0018 SHIP(U)BSNRT(SHIP(3))
0019 SHIP(S) & SHIP(S)/RADIAN
nn20 READ SO, (RC(I),1w1,9),N8CAN,POLRZ
0021 IF (NSCAN,LE, 30) GO TA g0
ovee NSCAM ® 30
023 10 CANTINUE
0024 PRINT €01,(RC(I),151,9),N8CAN,POLRZ
0028 S01 FARMAT(/' 11 RASIC RADAR PARAMETERS ARE ',9F8,2,14,F6,2)
0026 RC(U)BRC(W)/RADTIAN
0027 RC(S)SFC(S)/FADIAN
vo2A THMERL (4)
0029 THVSRC(S)
0030 RC(6)810,¢2(RC(6)/10,)
0031 GNSRC(6)
0032 RC(3)B10,#a(PC(3)710,)
003y RC(7)810,0#(=RC(T7)/20,)
0034 RC(R)BI10,4e(=RC(R)/10,)
003s HC(9)m10, %e(=RC(9)/10,)
vole CANDARN 8 RC(7)*RC(7)
0037 0f 60 J 3 1,MNSCAN
(4 RMADE(1,85) IS USEN 48 RADAR SCAN RATE FAR ALL “ODES
nolA PEAD S1,(PMANE(J,T1),1m1,B8),AM0DE(J,1),RHODE(J,11),8URC(S)
. oRMODE (J,12),0%L (J),SM,8¥ADEC(J,2)
0039 81 FARMAT(1(0FR,2)
vouo IMADE(J,1)2AYADE(JS,1)
yoal PRINT S19,3,(RYODE(J,T),181,8),IMADE(J,1),RMADE(J,11),8URC(I)
i
]
{
P
‘. v
%
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+RMODE(J,12),0WL(J),8%,840DE(J,2)
S11 FARMAT(/,' 16 MOD

RMADF (J,S)810,0

SS PMADE(J,1)8RMODE(J,1)/RADIAN
AMADE (J,2)8RMADE(J,2) /RADIAN

E '912,' PARAMETERS ARE
1F (AMODE(J,5),6T,0,0) GF TO SS

1P (8% ,F0,0)84aRMODE(J,4)
BMADE(J,y1)8150,98M/XNMTOM
SMODE(J,2) & 10,00 (=8MDE(J,2)/10,)

RMODE(J,S)8RMADE(J,5)/3600,0
AMONE (J,6)SRMADE(J,6)/3600,0
RMODE (J,4)SRMONE (J,4) /MILINN

RMONE (J,8)810, %0 (=RMODE (J,8)/10,)

RMADE (J,3)BRMONE(J,3)evILION
TAUCJ) & RMADE(J,11)/MILTION
IP(RMODE(J,12),LE,0) RMODE(J,12) & 1,0/RMODE(J,11)

RMODE(J,12) & HMODE(J,12)eMILION
IMODE(J,2)8MAX) (RMODE (J,12)#RMADE(J,11)/MILION 40,5,1,0)
PHMODE(J,y11) & 10,00 (ePNuF)
SUBC(J) & 10,00 (=8UBC(J)/10,)
60 CANTINUE

RC(1S)
RCC(16)
RC(17)
PC(18)

RC(19)
fc(20)

RC(21)

RC(22)

OO0

READ 70,
70 FARMAT(10F8,2)

RETYPN
END

READ IN PARAMETERS POR MOVING WINDOW DETECTOR

'y8F9,3,18,/,50%,6F9,3)

NREF s NO, REFERENCE CELLS ON EACH SIDF OF TARGET cELL

coRr ® CLUTTER CORRELATIAN COEPFICIENT
rF816 8 NO, STANOARD DEVIATIONS USED IN TWRESWALD

NCONZ & N0, Op DETECTIONS THAT CAN BE MISSEP AND
DETECTIANS STILL MERGED INTO A SINGLE OETECTION
RESOLUTION CELL SIZE (CALCULATED)

XLO0G s V
0

1
e

(RC(I),1

10€0 tYPE

LINEAR vIDES
1 L0G VIDEN

THRSH 8 NO, Ap REFEPENCE CELLS USED
0 ALL CELLS USED

<0 SMALLER wWaLF USED
> 0 LARGER® HALF USED
PARM g PARAMETERS USED 70 CALCULATE THRESHOLD
MEAN USED

MEAN AND VARIANCE USED

21%,18),

(RC(1),1820,22)

PRINT 700, (RC(3),1818,18),
700 FORMAT ({MO, "

(RC(1),1m20,22)
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0001
0002

0003

0004
0005
0006

0007
0ooR
0009
0010
0011
0012
0013
0014
0015
016
0017
0018
0019
0020
0021
0022
0023
0024
0025%
0024
0027
0028
0029
00130
0031
0032
0033
0013¢
0035
0036
0037
0038
00139

0040

laEakalake

[aNal o)

10

12

15

18
20
25
30

3s
49
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SUBROUTINE MERDET (RESeNgACONZ)
COMMON /DETZ NDET(20N)oMER(C20)9RANGEC(209 3)sA7C2046)9 SNRET( 20,
ELEV(20+3)0 TINEC20)

1
DIMENSION KTARC60)9KDEV(60) 3 KTRR(60)4KDTT(60)

RES IS THE RANGE RESOLUTION
N IS THE NUMBER AF TARGETS
ACONZ IS THE ANGLE IN WHICH TARGEYS ARE MERGED

K=0

00 36 I=1eN

IF (MERCI).NE.~1) GO 10 30
HAVE A MERGE PLOBLFM AND AWM ORDERING DETECTIONS IN AZIMUTH
II=NDET(CI)

IF (11.EQ.0) GO TO 30

DO 25 J=1,11

IF (XeGV.0) GO TO 10

K=1

KTAR(Y1)=1

KDET(1)=J

GO 10 20

A=AZ(I,28J-1)

00 15 KK=19K

IF C(AGTAZ(KTARCKK)92¢KDET(KK)-1)) GO TO 15
KC=0

DO 12 JJI=KKeK

KC=KC+]
KTAR(K+2-KC)=KTAR(K*1-KC)
KDET(X#2-KC)=KDFT(K¢1-RC)
CONTINUE

KTARCKK)=1

KDFT(KK)=J

GO T0 18

CONTINUE

KTARCK+1)=1I

KDET(K+1)=J

K=Ke¢1

CONTINUE

CONTINVE

CONTINUE

IF (K.GT.1) GO T 40

IF (K.€Q.0) GO 710 35
[=KTAR(1)
AZ(Is1)=C(AZ(Y,2)4A2(TI51))/2.
RETURN

CONTINUE

DECISION RMADF ON THE PROPER DEYECTIONS

KK=1

139
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FROM COPY FURNISHEU IO DDC e

0641
0042
0043
0044
0045
uu4e
0047
0048
0049
0050
0051

0082
0053
0054
0nss
0056
0057
0058
0059
0060
0061
0062
00é)

0064
0065
0066
0067
0068
0069
0070
0071
0nvr2
0073
0074
0075
0076
0011

60

70
75

100

Son

119

150

KC=0

DA 100 JJ=2,K
I=KTARCJJ)
JEKDET(JJ)
DO 60 L=14KK

DAVIS AND TRUNK

IF (ABS(RANGF(I3J)-RANGE(KTARCL)sKDET(L)))GT.1.5%RES) GO TO 60 |

IF CAZCKTARCL) 9 2% KNETCL))4ACONZ LT AZCI42%4)) GO TO 60

GO TO 80
CONTINUE

IF (KC.EQ.0) GO TO 75

N0 70 L=1,KC

IF CABSCRANGE(CTIoJ)-RANGE(KTRRC(L)9KDTT(L)I))(GTo1.5%RES) GO TH 70

IF (AZC(KTRRCL)2%KDTT(L))

GO 70 80
CONTINUE
KK=KK+]

KTARCKK)=KTARCJJ)
KOFTCKK)=KDET(JJ)

60 19 100
KC=KC+1

KTRRCKC)=KTARCJJ)
KDTT(KC)=KDETCJI)

CONTINUE

CORRECTIAN OF OUTPUT ARRAYS

DB 110 [=14N

[F (MERCI)eFYa~1) NDFTCI)=0

CONTINUE

08 150 K=1,KK
I=KTARCK)
J=KDET(K)
TI=NDET(CI)+1
NDET(I)=II

RANGECIoIT)=RANGE(TI,J)
SNDET(CIoII)=SNDETCI,J)

A2CIoII)=CAZCEg28J)+Al(142%J-1))/2.

CONTINUE
RETURN
END

140
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FROM COr Y FUKNISHED TO DDC :

.l
NRL REPORT 8228
0001 SUBROUTINE MWDET (SyCyFNyN3DB,CORyFSIGoNREFyRES9NTARgNy TH3DB
1 NCONZ gACANZ 4 XLOG THRSHy PARM o SNTRUE )
0002 COMMAON /DETZ NDETC20)yMERC20)yRANGE(2093)9AZ(2096)9SNDETC2093)y
1 FLEV(2043), TIME(C20)
00C3 COMMON NSCANSNEXT gNUMTGT o ToOLDT oENDTIM ,SMODE(30,20)
1 sPI,PIOVRZ ,TWOPI,RADIAN, TAUC30)sDSTAR,DWLC30)
? o XYZI(2094)9XYZF(2094)9 TRGPAS(2097)9SIGJAM(C20)
3 sSIGTARC20493)9FHVC20)9SIGMAH, ISWIToTEMPUR
4 s SHIP(9)yRCC30)sRMODEC30912), IMODE(30,2)
000s COMMON /MOD/ MODELC20)
0005 JIMENSTION FLUCT(401)
0096 NDIMENSION SNREF(20),INF(20)
0007 DIMENSION X(401+25)955(401925),SURC25)91I5(25)9R(1204),1ID(3)
0008 DIMENSION DC14),ICC14) o XFIRSTC14)9XLAST(14)9IDETC14),5NC14)

S IS THE SIGNAL POWER

C IS THE CLUTTER PAWER

FN IS THE NOISF POWER

N3DR IS THE NUMBER OF PULSES BETWEEN THE 3-DB ANTENNA POINTS

COR IS THE CORRELATION COEFFICIENT 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 STUZE

NTAR IS THE TARGET OF INTERESTY

N IS THE NUMBER OF TARGETS

TH3DB IS THE ANTENNA 3-DB BEAMWIDTH

NCONZ NUMBFR 9F DETECTION THAT CAN BE MISSED AND DETECTIONS STILL

MFRGED INTO A SINGLE DETECTION

ACHNZ 1S THE MERGE DISTANCE(NCONZ) IN ANGLE

XLAG DENOTES WHETHER LINEAR(XLOG=0.0) OR LOG(XLOG=1.0) VIDEO IS USED

THRSH DENOTES WHETHER ALL THE REFERENCE CELLSCTHRSH=0.0) » THE
SMALLER HALF(THRSHCO0), OR THE LARGER HALF(THRSH>0) SHOULD BE USED

PARM DFENOTES WJHETHER THE MEAN AND VARIANCE(PARM=2.) OR JUST THE
MEANCPARM=1.) SHOULD BE USED TO CALCULATE THE THRESHOLD

SNTRUE RFTURNS TRUE SIGNAL/NOISE RATIO USED

e e NN o N N el e R e NN e Na N e Fa Na N o Na Nl o el

6009 IF (N3DB.LE. 99.AND.NREF.LE.10) GO 1O 3
0010 PRINT 50
0011 50 FORMAT (1H1,° FITHFR N3DB OR NREF ARE TOO LARGE *)
oci12 ST9P
0013 3 IF CABSCCOR).LT.1.0) GO TO 4
0014 PRINT S1
0015 51 FARMAT (1H1,° CORRELATION COEFF ICIENT IS GREATER MR EQUAL TO 1°)
0916 510
on17 4 _CONTINUE
C
C TEST TA SEE IF THERE IS ANY CHANCE OF A TARGET DETECTION
C

0018 SNINT=NJOBeS/(C4FN)
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FROM FURNISHED TODDC
gt DAVIS AND TRUNK

0019 IF (SNINT.GT.2) GO TA S
0020 NDET(NTAR)=0
0021 SNTRUE = 10.%4(-9.9)
06022 RETURN
0021% 9 SNREF(1)=S
0024 INF(1)=NTAR
0025 NRFF2=2¢NREF
0026 CALL RESOL(NREF yRES9NTAR SNREF o INFoNI9TH3DAeN)
0027 CALL VRANF(R,1)
0024 NEL=TH3NDB/(N3DB+1)
0029 ACINZ =DEL*NCON?
0030 AZIM=TRGPOS(NTAR,5)+(R(1)-.5)¢DEL
0031 AZIMS=AZIM-201.8sDEL
0032 KRS=TRGPOS(NTAR,4)/RES
0033 RS=RES*KRS-13,¢RES
C
[ 000000000000000000000000000000000000000000000000000000000004000000
C
C GENERATIAN OF SIGNAL VALUES
(
(% FHEIP 4000000000000 00000000000000000004000080000440444400000000000
€
00 14 N$=201-2#N3DB-2
0039 NF=20142¢N3D8
00 3, NRS=13-NREF-2
0o sz NRF =13¢NREF+2
0038 DB 7 I=NRSyNRF
00139 1SCI)=0
0040 N0 T J=NSoNF
0041 T 5S5CJ,I)=0.
0042 IMERGE =0
0043 90 40 X=1,NI
0044 KR=TRGPOSCINF(K)y4)
0045 KR=(RR-RS)/RES
0046 I[F (KefQeleORKKeGTo16.0RKRLT.10) GO VO 8
0047 IMERGE =]
C
C FLUCTUATING SIGNAL
C
004R 4 NSH=wMODEL CINF(K))
0049 IF (NSW.GT.0) GO TO 11
0nso FL=1e0
0051 9 DO 10 J=NS,NF
00%2 10 FLUCTCJ)=FL
00%3 LI Ty 1IN
0054 11 6O 70 (12s13,15416)4NSW
0059 12 CALL VPANF (Ryl)
0056 FL ==ALAGCR(L))
0051 GO T8 9
00543 13 M=NF+]1-NS
I . "‘ 4
{ P
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0059 CALL VRANF (Rym)
0063 KK=0
0061 D& 14 J=NS,NF
0062 KK=KK+1
0063 14 FLUCT(J)=-ALOG(RC(KK))
0064 68 10 171
0065 15 CALL VRANF (R,2)
0066 FL==.58C(ALOG(R(1))+ALOG(R(2)))
0067 6o 10 9
0068 16 M=NF+1-NS
0069 M2=2eM
0070 CALL VRANF (RyM2)
0071 KK=0
0072 NA 17 J=NS,NF
0073 KK=KK+1
0074 17 FLUCT(J)==.5¢(ALAG(R(KK)I+ALOGC(R(KK¢M)))
0075 171 CONTVINUE
0076 nw 35 [=1,3
0077 KT=KR¢I-2
0078 [F (KT.LTNRS.OR.KT.GT.NRF) GO TO 135
0079 [SC(KT)=1
(4
c MODULATION OF SINCX)/X PULSE SHAPF
(
0080 RTEMP = KTSRES+RES/2,4RS
0081 FNIF=2,78328(RR-RTEMP )/RFS
0082 F=1,
0083 IF (FDIF.EQ.0) G TO 18
0084 F=SINCFDIF)/FDIF
0085 18 F=FsF
0086 SM=FsSNRFF( K )/ (C+FN)
(#
0087 AA=TRGPOSCINF(K)5)
0088 NC=CAA-AZIM)/DEL+201
0089 NRED=MAXOC1,N3DR/10)
0090 IF (1.€3.2) NRED=0
0091 NNS=MAXO(NS¢NC-N3DR4NRED)
0092 NNF =M [NOCNF 9 NC +N3DB-NRED )
C
C MODULATIAN OF SIN(X)/X ANTENNA PATTERN
p-
0093 NG 20 J=NNSsNNF
0094 GDTF=2,7832¢(J*DEL+AZIMNS-AA)/TH3DB
0095 6=1.
0096 IF (GDIF.EQ.0) GO T9 19
0097 6=SINCGDIFY/GDIF
0097 19 G:=Ges4
¢
C #s9es NOTE 5, TARGETS ARE ADDED NONCOHERENTLY sseseses
€
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0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110

0111
0112
0113
0114
0115

0116
0117

o118
0119
0120
0121
0122
0123
0124

0125
0126
0127
0124
0129
0130
0131
0132

20
35
40

402

41

aFaNalalaleNal

ano

[a Nl

60

[aNalal
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B

DAVIS AND TRUNK

SSCJaKTI=SSCJeKT)*SMeGsFLUCT(Y)
CONTINUE

CINTINUE

CINTINUE

SNTRUE = 0.

NSS = 201 - (N3DB-1)/2

NSF = 201 ¢ N3NB/2

DO 402 J = NSSNSF

SNTRUE = SNTRUF ¢ SS5(Jy13)/N30DRB
NB 41 JT=NRS,NRF

I[F (ISCI).EQ.0) GO TH 41
CINTINUE

FHEA L0404 0000000400000 0000008004040 00008440040 000440000400 4000404¢

GENERATIAN 9F NOYSFE SAMPLES

FHE 0204000842008 4400848000000 0 4008044804440 0044000000400044

M=NF+1-NS

M2=2%M

M3=3sm

LEETR] |

TF (N3DB#C «GTV.FN) GO TO 100

CLUTTER IS NOT A FACTOR

DO 90 T=NRS,NKF
IF C(ISCI).EQ.1) GO T3 75

NO SIGNAL PRESENT IN THIS CELL

CALL VRANF (RyM)

K=0

DO 60 J=NS,NF

K=K+1

X¥(JoT)=SQRT(=2 .#ALOGCR(K)))
CONTINUE

GO Ty 99

SIGNAL PRESENT IN THIS CELL

CALL VRANF (R,M2)

L}

ne RO J=NS,NF

K=K+]
A=SORT(-2.¢ALOGCR(K)))
B=TAOPT¢R(K+M)

Y(JyI)=SORT((AsCAS(BI4SQRT(SS(J9[))s1.414)0e2+ (ASSIN(B))I*e2)

CONTINUE
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01134 909 CANTINUE
01 3¢ Lo 19 290
¢ THIS PAGE IS BEST QUALITY PRACTICABLE
[} s
& G ARRERENL B R ISR FROM COPY FURNISHED TO DD ___—
013% 1006 AILDX=SQRTICC/LCHEN))
0136 CC=ALNX
0137 FENCSORTOENZCLAEN))
01138 P=S4RT(l a~CORS(OL)
0139 079 150 I=NRSyNRF
0140 CALL VRANF (R42)
0141 ASLDY = CCsSINCTWOPI#RC1))ISSORT (=2, %ALOGCCR(2)))
0142 AALDX = COrCOSCTAOPT#2CL))SSURT (=2, 0ALOG(R(Z2)))
01453 CALL VRANF (RyM™4)
0144 ¥ =0
0145 D™ 120 J=NSyNF
0146 K=K+]
0147 A =SOQRT(-2.%AE0G(R(K)))IsCC
01448 Al=SQRT(~2.%ALAG(HR(K+M)))SFFN
0149 B =TWOPIsR(K#M))
0150 BR1=TWAPI*R(K+M3)
0151 AOLDX=CORSAILDX+P*A4COS(R)
0152 AOLDY=CIRSAOLDY ¢PeAsSINCB)
0183 XCIpI)=SQRTCCADLOX+ AL SCAS(BIIASURT(SS(JrId)*1o414)%62 +
(AOLDY+A1+SINCBL))*e2)
0154 120 CINTINUE
015% 150  CANTINUE
C
C FEL L2424 0040408400088 0008880044448 3 20820444003 444040 440004044
C
{ GENFRATIAN OF MOVING WINDOW
€
C LR R R R RE R PR
.
0156 200 MS =NSeNIOR=-1
0157 IF (XLOG.LTL0.0001) GO TH 210
C
€ USE LOG VIDED
C
0158 DO 205 J=NSyNF
0159 N8B 205 1=NRSyNR}
0160 20¢ X CJyT)=ALOGIX(JyT))
0161 210 CANTINUE
0162 DY 241 [=NRSgNHr
0163 241  CYNTINUE
0164 N0 220 T-NRAS4NRFE
0165 SUMCI)=0,
0166 DB 220 J=NSyMS
0167 220 SUMCI)=SUMCI)I+X(Jy])
0164 MS=MSe]
145
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FROM COFY FURNISHED 10 DDC "

0169 11=0
0170 DO 285 J=MS,NF
0171 DO 225 I=NRSyNRF
0172 225 SUMCI)=SUMCI)*+XCJy1)-XCJ-N3DByI)
(o
c GENERATION OF THE DETECTION THRESHOLDS
C
0173 DO 250 L=12,14
0174 ULOW=0.
0175 UuP=0.0
0176 XMSLAW=0 .0
0177 XMSUP=0.0
0178 DO 230 I=1,4NREF
0179 ULOW=ULOW+SUMCL~I-1)
0180 UUP=UUP+SUM(L+I41)
0181 XMSLOW=XMSLOW+SUM(L-T-1)#%2
0182 230 XMSUP=XMSUP ¢SUM(L ¢+T+1)%s2
0183 IF (THRSH.NE.0.0) G3 TO 235
[4
4 USE ALL REFERENCE CELLS
(
0184 U=ULOW+UUP
0185 XMS=XMSLOWSXMSUP
0186 DCL)=U/NREF2+4FSIG*SQRTC(XMS/NREF2-(CU/NREF2)%¢2)
0187 IF (PARM.GTe145) GO TO 250
0188 DCL)=FSIG*U/NREF?2 -
0189 IF (XL3G.LT.0.0001) GO TO 250
0190 DCL)=FSIG4U/NREF?2
0191 GO TO 250
C
(o USE FITHER MINCTHRSHCO) OR MAXCTHRSH>0) REFERENCE CELLS
C
0192 235 IF (THRSHeLT<0.0.AND.ULOW.LT.UUP) GO TO 240
0193 IF (THRSH.LT.0<0.AND.ULOW<GEUUP) GO TO 245
0194 IF (THR3H.GT.0.0,AND,ULOW.LTLUUP) GO TO 245
0195 IF (THRSH4GT 040, AND.ULOWL.GE.UUP) GO TO 240
0196 240 U=ULMW
0197 XMS=XMSLOW 5
0198 GO TO 248
0199 245 U=uUP
0200 XMS=XMSUP
0201 248 DCL)=U/NREF+FSIG# SCRT(XMS/NREF-(U/NREF)*52)
0202 IF (PARM .GTel.5) GO TO 250 X
0203 DCL)=FSIG#U/NREF
0204 IF (XLOGLT&0.0001) GO TO 250
0205 DCL)=FSIG+U/NRFY
0206 250 CONTINUE
0207 IF (JoGTMS) GO TO 249
0208 249 CONTINUE
C
{ -
n.i
-
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C DO LOOP FOR DETECTVION AND GENERATION OF CENTER PULSES
C
0209 DO 280 [=12,14
0210 IF (J.GT.MS) GO 0 255
0211 IDETCI)=1
0212 1CC1)=9
0213 IF (SUMCT).LT.D(I)) GO VO 280
0214 T0FT(CI)=3
0215 [CCI)=NCONZ
0216 6o 1O 280
0217 255 K=IDETCI)
0218 GO T0 (260527092754280)9K
C
C CHECK FOR INIVIAL DETVECTIGN
C
0219 260 IF (SUNMCI).LT.DCI)) GO VO 280
0229 IT1=11¢1
0221 IDCII)=I
0222 XFIRST(I)=J
0223 XLASTCI)=J
0224 SNCI)=SUNCI)
0225 ICCI)=NCONZ
0226 IDET(I)=2
0227 60 T0 280
C
c CHECK FOR FINAL DEVECTION
c
0228 270 IF (SUMCI).LT.DCI)) GO 1O 273
0229 XLASTCI)=J
0230 1CCI)=NCONZ s 5
02131 IF (SUPCID.LTLSNCID) GO TO 280 %
0232 SNCI)=SumMCI) Y
0233 50 19 280 ;
C
C CHFCK T9 SEE IF DETECTION ENDED 3
c
0234 273 ICCI)=ICCI)-1
0235 IF CICCI).EQ.0) INET(I)=4
, 0236 69 18 280
C
C CHECK TO SEE IF DETFCYION FROM ANOTHER TARGET ENDED
C
0237 275  1F (SUMCI)<GEDCI)) ICCI)=NCONZ+]
02138 ICCI)=1CCI)-1
0239 IF (ICCI).GT.0) GO TO 280
0240 IDET(CI)=1
0241 280 CONTINUE
0242 275 CONTINUE
‘; J
C 220000000000 000 000000003000 0000000000000 0000000000020 0%20%400 00400
147
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FROM COrY F
C
(= CHECK FIR DETECTIONS
€
C L2000 0000000000 00000000000000404 0000002800000 0900004000000000%0000
(o
0243 IF (I1.GT7.0) GO YO 300
0244 NDET(NTAR)=0
0245 MER(NTAR)=0
0246 IF CIMERGE oEQel) MER(NTAR)==2
0247 RETURN
C
C MERGING AF MULTIPLE THRESHOLD CROSSINGS
C
0248 inn I¥ (IMERGLEL.EQeY1) GA TO 400
C
C N MULTYI TARGEY RESOLUTION PROPLERMS
C
0249 GO T (310,320433G)y II
C ONLY 1 THRESHOLD CROSSING
0250 310 NDEVCNTAR)=II
0251 MER(NTAR)=0
0252 312 DO 315 I=1,I11
0253 RANGE(NTAR,I)=RS+(IDCI)*5)*RES
0254 SNDET(MTAR,I)=SNCID(CI))
0255 IF (XLOG.GCT.0.0001) SNDET(NTAR,I)=N3DABSEXP(SNDET(NTAR,I)/N3DB)
0256 AZCNTARGI)=AZIMS+ (XLASTCIDCID))+#XFIRSTCIDCI))~-N3DR)SDEL/2.
0257 315 CONTINUE
0258 RFTURN
(7
(% TWO CROASSINGS OF THE THRESHOLD
C
0259 320 IF CIDEVC 13)eFQel1.0R,IDET(13).EQ.3) GO TO 310
C
C THERE ARE TWO ADJACENT THRESHOLD CROSSINGS
C
0260 325 IF (XLASTCIDC1))#NCONZ.LTYXLASTCID(2))) GO TO 310
0261 I1=1
0262 GO 10 310
C
C THERF ARE THREE ADJACENT THRESHILD CROSSINGS
C
0263 330 K=1
0264 IF CIABSCIDC1)-IDC2)).FQ.2.0R,
1 XLASTCIDC1))4NCONZ LY XLASTCID(2))) K=2
0265 GO TO (3409350),K
0266 340 IF CIABSCINC1)-IN(C3))eFQe2.AND.
1 XLASTCIDC2)) LT XLASTCIDC3))) GO TO 345
0267 1[=1
0268 GO 160 310
0269 345 [I=2
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0270
0271
0272

0273
0274
0275

0276
0217

0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288

a2 EalaNeNeNanlal

350

155

400

415
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I0(2)=10(3)

67 1A 10

ITF (IARSCINDC1)-INC3))eFQ.2.0R.
1 XLASTCIDC1))4NCONZ.LT XLASTCID(3))) GO TO 355
11=2

GO 16 310

IF (TABSCIDC2)-1DC3)).FQ.2.0R,
1 XLASTCID(2))4NCONZLLT,XLASTCIDC3))) GO To 310
=2

GO 10 310

FEEEHEIEE 0000000000000 00 0000000000000 0000 0404000000000 0 00000000
MERGING PROPLEM WITH ANOTHER TARGET ,PROBLEM SOLVED IN SUB. MERDET
PEETEFII PP 4400000430000 4000 000000040440 000 40000400000 00000

NDET(NTAR)=TI

MER(NTAR)=-1

00 415 I=1,II

RANGECNTAR, I)=RS+(IDCI)*+.5)*RES

SNOETC(NTAR, [)=SNCINCI))

IF (XLOGeGT.0.0001) SNDET(NTAR,I)=N30DBSEXP(SNDE T(NTAR, I)/N3DB)
AZ(NTAR241-1)=AZIMS+XFIRSTCIDCI))*DEL-N3DB*DEL/2.
AZ(NTARy2¢L D)=AZIMS+XLASY CIDCI))eDEL-N3DBSDEL/2.
CONTINUE

RE TURN

END
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0011
0012
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0014
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0016
0017
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0023
0024
0025

0026
0027
0028
0029
0030
0031

0032
0033
0034
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00135
0036
0037
00318
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DAVIS AND TRUNK

SUBROUTINFE STAB2
COMMON/TM/NTARG 9N JAMy SPEED(20) g HEADI(20) yHEADF(20), TMANIC20),
THANF(C2U0) 9 XMANTC2093) o XMANF(2093)9GTURNC20)9 TURNC20)»
CMC20452)sRADMC20) s ITYPEC20) s ALT(2055)9s TALT(204+5)sNALT(C20)
COAMMON NSCANGNEXT yNUMTGT o ToOLOTENDTIM ,SMODE(30,20)
sPI14PIOVR2 ,TWOPI yRADIANSTAUC30)sDSTAR,DWL(30)
o XYZIC2054) 4 XYZF(2044), TRGPOS(20,T7)+sSIGIJAMC20)
2SIGTAR(2N53)9sFHV(20) s SIGMAHs ISWIT,TEMPHWR
s SHIP(4)sRC(30),RMODEC30,12)9 IMODE(C3092)9RES
cunn~N /DET/ NDEVC20)4MER(C20)9RANGE(20453)9A2(2096)9 SNDET(20453),
ELEV(2003), TIMEC20)
CHNHGN /STAB/ ROLL(20),PITCH(C20)
COMMON /STABIN/ RMAXsPMAX,RFAC,PFAC,PHASE (2)
00 30 I=14NTARG
IF (NDETCI)«EQ.0) GO TO 30
K=NDETCI)
ROLLCI) =RMAXsSINCTIMECI)*RFAC+PHASEC()))
PITCHCI)=PMAXs SINCTIMECI)*PFAC+PHASE(2))
CR=COASCROLLCI))
SR=SINCROLL(CT))
CP=COSC(PITCH(CI))
SP=SINCPITCH(I))
AA=TRGPOS(I45)-SHIP(S)
TE=TANCTRGPOS(I,6))
X=SINCAA)*CR+(COSCAA)*SP+TE*CP)sSR
Y=COSCAA)*CP-TE#*SP
A=ATAN2(X,Y)+TWOPI
DO 25 J=1,K
ATEMP=AZ(T9J)¢A-AA
AZ(1¢J)=AMODCATEMP,THOPT)
CONTINUE
RETURN

S W -

INITIALTZATION

ENTRY STBINT

READ S0sRMAXyPMAX yRPERSPPER
FORMAT (4F8,.2)

PRINT S59RMAX,PMAX,RPERyPPER
FORMAT (1HO, " ROLL AND PITCH “,4F8.2)
PMAX=PRMAX/RADIAN
PHMAX=PMAX/RADIAN
RFAC=TWAPI/RPER
PFAC=TWOPI/PPER

CALL VRANF(PHASE,2)
PHASEC1)=TWOPI*FHASE(L)
PHASEC2) =TWOPI#PHASEC2)
RETURN

END

150

;?,!F@QWﬁﬁ":




e

-

0001
0002

0003

0004
0005

0006

0007
0008
0009
0010
0011
0012

0013
0014

001%
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
00134
0035
00136

0037

ano

15

20
30

THIS PAGE IS BEST QUALITY PRACTICABLE

NRL REPORT ggby CUr Y FUKNLGHED TO DDC o

SUYRAUTINE VRCLT?

COMMAN NSCAN NEXT yNUMTGT 9 T OLOT yENDTIM o SHODE(30,20)
sPIoPIOVR2 ,TWOPI,RADIAN,TAU(C30)sDSTAR,DWL(30)
s XYZIC20 94 )y XY2ZFC2044)9 TRGPOS(2097)9SIGCIAMC20)

sSIGTARC2093)3FHV(20),SIGMAH, ISWITyTEMPUWR

sSHIP(9)4sRL(30),RMODEC30,12),IMODEC30,2)

COMMON /VCINZ NREGQFN(S) gRSCSIoRF(S)gTHS(S) o THF (5)9ELS(S5)sELF(S5),

1 ISET

COIMMAN /VCLTZ PI2,RANC3IOS),FLANCS)

COMMAON /CLTOUT/ ROUTC201)9AZOUT(201),ELOUT(201),TOUT(201),

L RLOUT(C201)5PTAUT(201)9SOUT(201)yNCC100),ICoIV

COMMON /STABIN/ KMAXoPMAXoRFAC,PFACyPHASE(2)

SN -

1v=IC

IF (NREG.EQ.0) GH TO 95

CALL SETVRCISET)

CALL VRANF(RAN,305)

ISET = 2147483647 .%RAN(305)

ISEY = 2¢(ISET/2) + 1

TIM/B IS THE TIME oF THE ZERG BEARING CROSSING
TIMZB=T1%3600.

TIMSCN IS THE SCAN TIME OF THE RADAR
TIMSCN=RMODECL 95)#3600.

RES IS THE RANGE GATE SIZE

RES=RC(19)

[RAN=0

NG 20 1=14NREG

IRAN=IRAN+1

IF CIRAN.GT.302) G TH 30

A = THSCI)-FLAMCI)#ALOGCRANCIRAN))

IF (AGTLTHECL)) GO TO 20

fv=1vel

AZAUTCIV)=A

K=(RSC(I) ¢ C(RF(I)-RSCI))*RANCIRAN#1))I/RES
ROUTCIV)=(K40o5)8RES

FLOUTCIV)I=0.0
TAUTCIV)=TIMZB4+TIMSCN&A/THWOPI
RLOUTCIV)=RMAX*STINCTOUTCIVISRFAC+PHASECL))
PIBUTCIV)=PMAX«SINCTOUTC(IV)*PFAC+PHASE(2))
SOUTCIV)=33,.33

ITRAN=TRAN+3

IF (IRAN.GT302) GO T3 30
A=A-FLAMCI)*ALOGCRANCIRAN))

69 19 15

CINTINUE

RETURN

INITIALIZATION

FNTRY VCINIT
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00138 READ 50, ISEToNREG
00139 50 FORMAT(218)
C
C ISET IS THE INITIALIZATION NUMBER OF THE RANDOM NUMBER GENERATOR
C NREG IS THE NUMBER OF CLUTTER REGIONS
C
0040 PRINT 55, ISET,NREG
0041 5% FORMAT (1HOy° VARIABLE CLUYTER “,218)
0042 [F (NREG.EQ.0) GM TH 95
0043 IF (NREG.GT<5) NREG=S
0044 D9 5 I=14NREG
0045 READ 51 9FNCI)oRSCIDoRECID) g THSCID) o THF(I)
0046 S1  FORMAT (TFR.2)
C
C FN IS THF AVFRAGF NUMBFR OF CLUTTER POINT PER REGION
C RS IS THE INITIAL RANGE OF THE CLUTTER AREA
C PF IS THF 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 S69FNCI)oRSCIDoRFCIIgTHSCI) o THFCI)
0048 56 FORMAT (25X47F9.3)
0049 RSCI)=RSCI)/6.0802
0050 RFCI)=RF(1)/76.0802
0051 THSCI)=THSCI)/RADIAN
0052 THFCI)=THFCI)/RADIAN
0053 S COINTINUE
0054 D0 10 [=14NREG
0055 10 FLAMCI)=CTHFCI)-THSCIDI/ZFNCI)
0056 9% RETURN
00S7 END
THIS PAGE IS BEST QUALITY PR’:"_H/ CARIR
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Appendix C
PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET3D

PROAKAY SURNDET

THIS 18 THE SURDFTID EXECUTIVE RAUTINE

i le Kal

reeeccececercecnccececcrecccececccececceccecececececceccecccecrerneceeceecceceee

DESCRIPTION AF DATA CARDS
NATA CARD NN, 1

DETAILED AUTPUT CAMTRAL INTEGER (18 FARMAT)
N 8 N9 AUTPUT YA BE PRINTED
1 & NETECTIAN AUTPUY TA BF PRINTED
2 8 NDETAILED AUTPLT TA RF PRINTED

DATA CARD NP, 2

TITLE CARD o RN INENTIFICATIAN (14,1944 FARMAT)
! RADAR [p NUMARER FAR TARGEY NETECTIAN AUTPUY FILES
220 ALPHANUMERIC NPESCRIPTIVE TITLE

DATA CAPD NA, 3

SHIP (RANDAR) PASITION (4F6,2 FRRMAT)
1e3 PPSITION COARNINATES (¥,Y,2) IN KFT
4 SHIP HEADING IN NEGREES

DATA CARD NO, 4

11 HASIC QADAR PARAMETERS (9FR,2,12,F6,2 FORMAT)
1 PADAR FREOUENCY IN MW2
2 ANTENNA PATTERN FUNCTIAN INDICATA®R
0 g PENCIL REAM
1 8 COSFCAMT SOUARE REAM
RECEIVER NATSE (N DR
HARTZONTAL 3DR REAMWINTH IN DEGREES
VERTICAL 30R REAMWIDTH IN DEGREES
ONEewAY ANTENNA GAIN [N DR
ANFendY STOFLAHE LEVEL IN DA DOWY
REFETVER LSS I~ DA
TRPANSMITTER (488 IN DR
NIIMRER AF SCAN “ANES
LINFAR PALARIZATIAN IN NDEGKEES

OO0 ND

- QINTIAoWn
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0 8 HARIZONTAL
90 8 VERTICAL

DATA CARDS NA, S AND 6 (ANE SET PAR EACH RADAP SCAN MADE)

1S PARAMETERS FAR EACH SCAN MADE (10F8,2/5F8,2 FORMAT)

OINCANE WN -

10
1
12

13
14

15

LOWER AAUNDARY ELEVATIAN ANGLE COVERAGE M DEGREFS

UUPPER BOUNDARY FLFVATIAN ANGLF COVFRAGE IN DEGREFS

PEAK PAYER IN Mw

PULSE LENGTH IN MICRASECANDS

INTERLAAK PERION IN SECANDS

SCAN OFFSET IN SECONDS

INSTRUMENTED RANGE IN NMI

MODE DEPENDENT LOSS IN DA

NUMAER AF PULSES INTEGRATED

COMPRESSFD PULSE LENGTH IN MICROSECONDS

SEA CLUTTER IMPROVEMENT FACTOR IN NP

1.F. BANDWIDTH IN MHZ, IF 0, RANDWIOTH wILL BE SET
AT 1,0/(COMPRESSED PILSE LENGTH)

MADE DEPENDENT FREQUENCY INCREMENT IN MW

BLANKING TIME IN MICRASECANNS, IF 0, SFT AT
PULSE LENGTH

RAIN CLUTTER IMPROVEMENT FACYAR InN DB

DATA CARD NO, 7

7 PARAMETERS FAR MAVING WINDOW DETECTOR (7F&,2 FORYAT)

NEwNn -

NA, BF REFERENCE CELLS ON EACH SIDE AF TARGET CFLL
CLUTTER CARRELATIAN COEFFICIENT
NB, OF STANNARD DFVIATIONS USED IN THRESWALD
AZIMUTH AFFSET BETWEEN REAM PASITIONS IN DEGREES
VIDEM TyPE [NDICATOR
0 s LTNEAR VIDEN
1 s LOG VIDES
NR, AF REFERENCE CELLS USED FOR THRESWALD
0 e ALL CELLS USED
€0 8 SMALLFR HWALF USED
0 8 LARGER WALF USED
PARAMETERS USED TA CALCULATE THRESHALD
1 s MEAN USED
2 8 MEAN AND VARIANCE USED

DATA CARD NA, A

NUMRER AF TARGETS AND JAMMERS (215 FPR¥AT)

1

NA, OF TARGETS

164
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2 NN, AF JAMMERS

NeTa CARDS 'R, @ aNp 10 (ANE SET FRR EACH TARGET AND JAMMER)

CAKD 9 13 TARGET PARAMETERS (12F6,2,13 FABMAT)
TARGET TRAJECTARY SHRILD NPT CROSS 0 DEGHEES TN AZIMUTH
ted ILTTTAL CAARDINATES  (X,Y,2,T) I8 KET AND SECANCS
S=A TEPMINAL COARNINATES (X,Y,2,T) I KFY AN SFCONDS

Qel1 RAGAR REFLECTIVE AREAS FAR HEANeON,
MRAAD=SINE, AND “INTMUM 1N §Q, METERS
12 JAMMING PAWER NENSTTY TH w/up?
13 MARCUM GWER| ING CROSS SECTIAN MANRFL

CARD A0 TaRGET PRAAFILF PARAMETERS (1d,7F6,2 FAPMAT)
| YARGET PRAFILF TYPE
0 8 STRAIGHT LINE TPAJECTARY
1 8 2«4 ALTITUDPF LEGS
2 8 GeMANEUVER AT CANSTANT ALTITUDE
REFAINING PRAFILE PARAMETERPS RY TARGET TYPF
1P TARGEY TyPE 8
2e8 IGNARED
IF TANGEY TyPE @ |
2 8 NA, BF ALTITUNE NANES
e FIRSY ALTITUDE NODE [N KFT
TIME AF ARRIVAL AT FIRST NODE IM SEC
SFCONA ALTITUNE NADE IN KXFT
TIME oF ARRTVAL AY SECAND NADE IN SFC
THIRD ALTITUNPE NADE TN KFTY
® TIME AF APRIVAL AT THIRD NODE I SEC
IF TARGEY TyPE & 2
® TARGEY SPEED IN WFY/SEC
8 INITIAL MEADING IN DEGREES
® TIME wANEUVER BEGINS IN SEC
s TARGEY MANEUVER RADIAL ACCELERAYION IM ('S

PNP>Nc -~
sesnae

e

NATA CARD NA, 11

4 ENVIRONMENTAL PARAVETERS  (uFA,2 FARMAT)
| wInD SPEFD In KuATS
P MEIGHT AF WIND SPFEN MEASUREMENT 1% xFT
3 AULTTIPATH IADTICATAR
I & “ULTTPATH
0 @ MR MULTIPATH
N BATNFALL RATE IN Ve uk
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DATA CARD NA, 12

® FIXEN CLUTTER PARAMETEFS (21R,7FA,2 FRR™AT)

1 INTTIALIZATIAN FOP RAMNEM NUMRFR GENEPATAR FAR
GEVERATIAN AF FIKED CLUTTER PAINTS
NO, AF FIYED CLUTTER PAINTS
PPARART| TTY THAY CLUTTER PATNT IS NETECTED
INITIAL RANGE OF CLI'TTER aRFA [N WFY
FINAL RANGE OF CLUTTER ARFEA J» KFT
STANDARD NEVIATIAN AF RANGE MFASUWEVELT
AS & PEQCEMTAGE OF RAMGE RFSOLUTIAY CFLL SIZE
? INITIAL AZTMUTH BF CLUTTER AREA TN FEGRFES
FTHAL A2IMUTH AF CLUTTER JREA IN PEGRFES
STANDARD NEVIATION AF AZ1“UTH MEASUPE“ENT
AS 4 PERCENTAGE O0F WARIZANTAL 3IDR REAMWIDTH

FHASwN

o >

NDATA CARD NA, 13

2 FASIC VARTARLE CLUTTER PARAMETERS (218 FARMAT)
1 TRITIALTZATIAN FAR RANDAY NUMBER GENERATAR FAR
GEMERATYAMN AF VARTAPLE CLUTTER PAINTS
2 NP, AF CLUTTF® REGIANS

NATA CARD NA, 14 (ANE CARD FAR EACH CLUTTER REGTAM)

7 PARAMFTERS FAR EACHM CLUTTER REGIAN (7FB8,2 FARMAT)
AVFRAGE NUMAFP AF CLUTTER PAINTS IN REGIAN
INITIAL RANGF AF CLUTTER AREA TN KFY

FINAL RANGE OF CLUTTER AREA IN KFTY

INITIAL A2TVMUTH BF CLUTTER AREA IN DEGRFES

FINAL A2IMUTH OF CLUTTER ARFA IN DEGHFES

INITIAL FLEVATIAN AF CLUTTER AREA TN NEGRFES
FINAL FLFVATIAN OF CLUTTER AREA IN PEGHFES

v‘?.‘ﬂ.vlﬂo‘

HaTa CARD NA, 1§

4 RALL AND PITCH PARAMETFERS (4FA,2)
1 MAXIMUM RPALL ANGLF IW DEGREFS
2 MAXIMUM PITCH AMNGIE I% PEGRFES
Y RALL PERIAD I SECHLNS
4 PITCH PERIAD 1M SFCANES

a¥aEaBaNaNeNo N Ba B Na el NalaNa NNl NaNaNa NN Na RaNa Ne NaNaNa Na e Na la Ne e Na e Ne e Nalle Ne e Ne Nelle N lNa

DATA CARD NA, 14
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TI“F PARAMETER (FA,2)
GAME TIME (1IN SFC) BY WHICH RADAR IS T8 RFGIN SCANS

naYs CARD MA_ 17

RECYCLE CHNTRAL PARAMETEFR (1S FORMAT)
1 & NEw SHIP IN WHICH CASF
THE HEXT DATA CaQr 1S %0, 1
2 u NFw TARGFTS
3 3 NFw ENVIRAMENT
4 8 RUN COMPLETFD

crceecceececercccercrcecccccecceecccececcecrceecececceceecccecrecccecec

AN NN

CAMMAL NSCAN,NEXT ,NUMTGTY,T,8LDT,ENDTIM ,SMADE(30,20)
yPI,PIAVRY ,TwhpP] , RADTAN,TALIC30),PSTAR,DWL (30)
pXYZTI(20,4),XYZF(20,4),TRGPAS(20,7),51GJAM(20)
ySIGTAR(20,3),FHY(20),SIGMAK,ISKIT,TEMPWR
s SHIP(9),PC(30),RMANE(30,12), 1M DE(30,2)
Cﬂ~“"~/ﬁ/ E'VI“(IPJ,SUaC(So).PE;tN“ CCH,ACAN,BETS,
NATP(20),PALRZ, TKEYF,XKTOMS , XNMTAM, TARCS,#V| ,FEPTGR,FAPTSuL
r~~-~~/n/ ALPNAo,erl.v.Ahi.AR?.S!RC.SIG
CAXMNN/HIFACU , AMER , XJAMN, TKEYJG, X XXXYX
CAumMAN/T/ PRRS,HAFK, THETRAK ,NADANN, THH, THY ,GN
CAVMAL/TH/NTARG,NIAM,SPEED(20) ,HFART (20) ,HEADF (20),T“AM1(20]),
1 THMANF (20) , XMAMT (20,3) ) XMANF (20,3),GTURN(20),TUKN(20U),
2 CM(20,2),RADM(20) , ITYPE(2C),ALT(20,5),TALT(20,5),NALT(2M)
CRwMAN/TS/ISTAT(20),TSCAN(20,30)
CAMMAR /CLTAIIT/ PAUT(201),82°0UT(201),FLANT(201),TAUT(201),
I RLANT(201),PTAUT(201),8 T (2N01),NC(100),1IC0,1TV
CRmAb JPET/ MOET(20) ,MFR(20) ,RAMGF (20,3),A2(20,6),S*NET(29,3),

SN -

1 FLFV(20,3),TIME(20)
CAMMAL /DET3/ “DET3(20,30),ERI(20),KANGFEI(20,9,%0),A23(20,9,30),
1 SHFT3(20,9,30) W TI403(20),1xEY(20)

CRUMAN yS§TRA/ RALL(20),PTITCH(2()
DIYE*SION ITITLEC(20V)

OIVELSTAN RUFA(R,I00) ,RUF(1N)
DIFLSTAY BUFK(S,20)

INTEGER ANSH

chLL pesTOP

IALT &8 10

CArveU,Yd29Uunt0

FESAIG2375,04

CN"g1+1RAY G474
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DAVIS AND TRUNK

ccre30G000006000,
RFTA 8,718565021
ACPNE ,K0770159%
yrTAvS g S14uqsuuu
AINMTEM 51682,
FRPISH B157,9136706
FAFINK 819R4, 401711
S AFR = O
KEAD §2,AMS1
§2 FPRAMAT(161S)
READ SHN,ITITLE
San FARMAT(TU,19484)
PHINT S01,ITITLE
N1 FREMAT(1MY,14,5%,1944)
CALL THITAL
10 CALL TakGEY
11 CaLL ENVIKN

THIS PACE IS BEST QUALITY PRACTICABLA
FROM COPY FURNISHED TODDC _oor”

INITIALIZE CLUTTER FOR TRACKING
raLL FCINTT
CALL VCINIT

INJTIALIZE ROLL SND PITCH
CaLL STRINT

HEAD Ih TIME By ~HICH QADARP MUST BE INITIALIZED
REAN S9, RINIT
SQ FARMATI(FR,2)
PRINT &Qn, RIMIT
§90) FARMAT(1¥0, " GAME INITIALIZATIAN BY ',F8,2)

ADD SCAN OFFSET (FPAM MADE 1) T9 MAX RADAR INITIALIZATIAM TIMF
WIMIT = RINIT/3000, ¢ QaMONE(1,6)

1SCsn

IKEYF"

DETES“INE TI“ES FACH TARGET COMES ~ITHIMN THSTRUMFNTEND FAMNGF a

OF FACH RANAR ™MADE
CALL ™ATCH

PETERMINE INITIAL AND gINAL GAVE TIMES

T & “MADE(],9)
ENDTI™ 8 XYZF(1,4)
SET TERGETS INITTALLY TP AVEReTHF=HARIZAN
TRGPAS(1,4) 8 =f,
IF(NSCAM LT, 2) GF TA 97
NETFRMINFE THTTIAL TIMF FREAW MATCH
ne 18 J 3 2,N8CA?
TF(R™ANE (J,9) LT, T) t 3 RMPLF(J,")
1§ CARTINUE

158

‘ WP WA S e e s
‘; i-:;' -
.a‘v' 'i 2 "

Ll LR e r Ay 3L




[ERLS

LUSK
nus9
2780
chnel
RLY 4

nnely

aneu
thes
100k
0CaT

0NeA
LY
n070
anTi
enre
anty

novrY
wn7rs

unte
nnyy
orTIA

nn79
ONA0
napq

R
L}
yrAa
nnes

woRs
CNRY
OGORR
nneg
cnen
09y
¢n92

laNal

17

1R
19

S0e
508

20

30

NRL REPORT 8228
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DETERWINE ENC GANE V]HE FROM COPY FURNISHED TG DDC — _—
PR 14 T 8 1,4TAKG

THGPS(1,4) 8 =1,

TF(XYZE(1,4) (AT, ENOTIM) ENNTIV 8 XYZF(1,4)

CPRWTINUE

CANTTINLE

SFT TNITIAL TI4E FPA“ MATCH 30 SEC, EARLIER FAR CLUTTER SA“PLES
T 31 = 3,/3%60,

SET INITTAL GAME T]nE

T 8 8INI(T,RINLT)

TE“P 8 3

1FVYPE o Dngof(1'g).5°oo.

WRITE (IAUT) TTITLE(L),TFMP,TEMPA

IF (An81,EQ,9) GO T8 29
MiLBENVIR(Y)

[F ¢ ML NEo, O ) PRINT S0p

IF € MUL LEB, O Y PRINT §0§

FARMAT(/,' $883% A[TW MULTIPATH $83%8',/)
FRAMAT(//,50X," $548%%  NA MULTIPATH $5888',/)

GENERATE INITIAL A2IMUTH BEA™ PASITIAN

CALL INITINCNTARG,AZINET)

I1SCeT1SCe+1

INITIALIZE SCAN PRINT FLAG

IPFLAG = O

DETERMINE TARGET AND JaAMMEPR PASITIONS AT SCAN TIME 7

CalLL NEwPPS

PERFNRM ELEVATION SCAN FUR EACH ACTIVE TaRGET

NI 7S 1 8 1,%TARG

CHFCX 1F TARGET MCTIVE

IFCISTAT(IY _NE, 1) GA TA 7§

DA 70 J 8 1 ,NSCAN

NEXT m )

CHECY 1F TARGFY wl1THIN DETECTIAN RANGE AF THIS MADF

IF(TSCAN(I,J) 6T, T) 6P TO 7¢

TEMP & RMRDE(J,)1) = 0,63#RC(S)

TFE“P2 = RMPDE(J,2) ¢ 0,h30RC(S)

IF(TRGPAS(T,6) ,GE, TEMP _ANR, TRGPAS(I,A) LLE,
TEMF2 +AND, TRGPRS(1,4) ,LE, R™ANE(J,T7)
MND, TRGPASIT,u) ,GT, SHAPE(J,1)) GM TH 30

TARGFT CANNAT RE DETECTED RY MADFE J

GR TN T0

JF(RC(Y) ¢ DWL(NEXT) ,NE, AFE) ISWIT = 0

AFREFCI1)eDwWL (NFXT)Y

KERSRCI1)/PFR

PCIO)SON/RFR2eD

PC(UISTHHERFR

HE(S)sTHVARFF
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TH1S PAGE 18 BEST e
oM CorY FURNISHED T0 S
DAVIS AND TRUNK
no9y ; PRARS 3 RMADE(NEXT,1) ¢ RC(S)/2,
C CAMPARF TARGET ELEVATIAN AN
e S Cass(NaRS - THCE L] NGLE T™ FLEVATIAN BEAY CENTEP
n:ﬁs SRR = 0 CPOS(T,6)) LGE, PC(S)) GM YA 70
LY SIGEC = 0
0097 SIG &8
L] ARY & (
f099 AR =
(100 vV s
S c CHECK FAR PRINY
IF(aANSY LEQ, 0) GP T8 35
0102 $90 TRRLAG NE, G368 1
. . D) L]
010y IPFLAG = | iy
(= PRINY SCAN NUMRER
GXES . AiE eHumAT (fits
(\ MAT (//7/77,30X,"+¢¢
516k 1F ( ANSI.NE.s ) 60’;6.;;. . AR iR )
c PRINT HEMDING
w107 PRINT 4o
c CAMPUTF SIGNA ’
':”; it SIGNAE(Itﬂgtﬁfgraé?sz?g!sr AND CLUTTER ENERGIES FAR TARGET I
010 CaLL HPISECI,RC(1Y),R
t11n é TCRSS = YADCg pen
DETERMINE TAPGET DFTECTTIANS IN M
L::; N:EF = RC(1S) 1 kb
1c L DETSDf:E::s:':C£;B;69Eé|“)-X“FDF(J;l).PC(lb).BC(|7).P“EIo
o1 A (4)
o 3 9((?2).SN19uE)' 1 JoAZINIT,RC(18),PC(20),RC(21),
p e IF (ANSY NE,2) GO TP oS
s RHDEGEBTRGPOS(1,5)#RADTAN
e AVDEG ® TRGPAS(I,6)#RANTAN ot
L DRESCOANV*ALAG(RC(12)) '
1‘ NDANSCOMVAALAG(RC(14))
2::° SNEDRE=NPN
TRGP & TRGPAS(I,U)86,(
i ] ORN2
rlgl ;;::ge 8 CANVaALAG(AMAXT (AMBN,1,0E=T4))
o153 sib e I_CHNV-ALFG(AhAli(XJA”N.I.OE-7M))
B 15% E R 8 CANV#ALAG(AMAXY) (SIGC,1,0E=T74))
i, SFACUBCONVEALOG(AMAXY(FACU, 1 ,0E=T4))
2 19JyTIMEY(1),YRGP,AHDEG,ARVDEG, TCR
; SEhE. SranDE ) ' s TCRSS,S5FACU,DRHE , A“RNDH
:"?b n.Lm-MDE;HI'.'HJ il e i :
r::’ TF (XNUM,EQ,M) GO TO b5
St;: LE 61 Kmi,KNUM
.“o RRERERANGEI(T,K,J)*6,0R8N2
3‘3‘ AABASAZY(1,K,J)*RADTIAN
14 SSSSaSLNETI(I,K,J)
U S888 & 20,+ALAGI((S8SS)
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v133%
N3y
n138
AR Y
o137
n13A

©1%9

f1an

(14
clue

'RICR}
wldd
n1rus
C1an
n1a?
N1dR
u1u9
¢150
(151
¢152
0183
(154
0158
n1%6

v187
N1SA
c159

c160
161
Y4
163
nled
c1eS
(R
0167
C16R
[ )
n170
171
0172

[a Nl

lalal

S&
(3
S

To

7=

ono

So

57
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220

. !BISPAGEISBESTQUALITYPRA CABLE
NRL REPORT 8228 4w Cur Y FUKNISHED T0 DDC ¥

PRINT &G,KRRF,0AAA,S$SSS

FARMAT(SX, "aNFTYFCTINN®Y ,UX,F12,2,F10,2,19X,F1n,0)
CANTTINIIE

CANTINIE

CAUTINIE

CANTINLF

MERGF METECTIANS
CaLL MRDY3N(RC(19),NTARG,HC(4),RC(S))

CALCILATF RALL AND PITeM
CALL STAR}3

CLUTTIEE AUTPLT FAP TRAFKING
CALL FxCLTS

CALL VveCLTS

NE® SUTPUIT

RIF(1) » ISC

RUF(?) = T#3600,

RUF(3) = 1V

re 200 1T 8 t,NTARG

BUF(3) s BUF (3)eMDET(T)

CANTIMUE

RIF(4) 8 3000eITITLF (Y1)

AUF(S) = SHIP(S)

RUF (b) 8 NTARG

ARITE (INMUT) (RUF(I),Ig1,6)

IF(AMST EG,Nn) GN TA 22p

IF(RIF(3) EG, V) GA T 220

PRINT S&, (RLUF(T),T18),s)

FALUMAT(IMO/Y  SCAN NUMAERS',FS5,0,' TIMEs',F9,2,' N, DETECT!
1MSE? ,E8,0,! FANAR IDS!,Fe,0," HEADINGE' ,F7,2," Me, TARGF
2188 ,Fu,0/)

FARMAT(' DETECTIAN NUm ',FS 0,7F10,4)
PRIMT &M

FARMBT (1RX, "INY, 6%, TRANGE ' ,SX, F&ZT " ,6X, TELEV )6, 'TIME ', 6k, 'ESIG!
106X, "RELLY,8X,'PITCN')

CAUTTNUE

ICuY 8 0

Ne 260 1 & 1,NTAKG

FUFR(1,T1) = 1

BUFR(2,1) 8 TRGPAS(T,u)

HIFR(Y, 1) = TRGPES(T,S)

PUFR(W,1) = TRLPOS(T,6)

LIFR(S,]1) = TIVER(])

€T = tLHET(D)

TF(NCTFG00) GP TR 280

PA 200 J 8 1,NCT

1CHT = IChTe

RUFACL,TCNT) & ]
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(ARA} RUFA(2,1CHT) 8 RANGE(T,J)
174 KUFA(3,ICHT) & A2(1,J)
179 RUPA(W,TCHT) & ELFEVI(L, )
176 FIFACS,TCNT) 8 TIME(T)
BARAJ PUFA(BL, ICNT) = SPDET(T,))
n178 RUFA(6,TChT)RR20 ,#ALAGIO(RLFA(E,ICNT))
V179 HUFACT,ICNT) & RALL(D)
AR KUFA(R,TCNT) 8 PITCH(I)
01eg 240 CANTINUF
ving 250 CANTINUE
01RYy TF(IV,EQ,0) GA TP 270
c1Rg ne 26 1 8 1,1V
C1Rg JCNY 8 [CNTel
ClRe RUFACL,ICNT) 8 200
UIRT? 1F(T.lE,1IC)
TRUFA(L,ICNT) 8 100 ¢ NC(I])

0128 AUFA(2,ICNT) 8 REUT(T)
v189 RUFA(3,ICNT) = AZAUT(T)Y
0190 RUFACU, ICNT) ® FLAUIT(T)
0191 PUFA(S,ICNT) =& TAUT(])
€192 RUFA(6,ICNT) 8 8AUT(])
c193 ALFA(G,I1CANT)R20 ,»ALOGIn(BUFAC(SH,ICNT))
v194 AUFA(T,ICNTY & RLFUT(I)
019§ RUFACA,TCNT) B PTAUT(T)Y
G196 260 CANTINUE
0197 270 CANTINUE
n198 Nr 275 J 8 {,NTAKG
n199 WRITE (IFUT) (BUFR(1,J),1m1,8)
n2on 278 (ANTTINUE
n201 JECICANTY EG,0) GA TR 29¢
0202 DA 277 J ® {,ICNTY
c203 #RITE(IOUT) (RUFA(TI,JY,] & 1,8)
0204 277 CANTINUE
0208 IF(AMNSY,EN,0) GO TA 299
0206 PR 280 J B 1,]ICNT
r207 PPINT S7,(BUFACI,J),] w 1,R)
veoR 280 CANTINUF
€269 290 CAMTINUF

c

c NEr SCAN
0210 T 8T ¢ RMADE(1,%)
ne1y IF(T ,CT, ENDTIM) GN TA 110
ne12 Gy Tn 20

¢ J
021y a0 CANTINUE
vy 1F (I1STEP,LE.000CL) GP y* 20
215 110 ISTEPSISTEPe])
0216 309 CAMTINUE
nev? XJaMNg O,

C FEAD Tt RECYCLE CANTRO( PARAVETER
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(d TANSE) (SHIP) ,82(TARGET ) ,m3(ENVIRANVENT) , gU(FINISHED)
(r A N.] GEAD S22, 1ANS
p 0219 GPM TP (S,lu,11,000),1488
n2eu 140 CAMTINLE
w21 13¢ CALTINLE
6222 40 FARMAT (//,7X,"MACFE ', uY,"'SIGVA',/, ' TARGET', 9y, 'TIrF PANGE !
1obY, A2 ELFV FACTAR ESIG NAMA reLt NJAM
2 E/n MERYY)
0223 S0 FAPMAT(1X,2T4,F A1 ,1,F12,2,F10,2,F10,2,F8,1,F%,0,F9,0,3Fk,0,F9,2
1,F7,2,1%)
(rad} GU FAPMAT (1 X, T4/s7(1x,5(F7,1,77,%)))
0228 FND
=
4
R
b1
!
%
e 1
|
{ |
&
{
b
,!
| {
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: o T ;) TODDC —
FROM COPY FURNLSHED DAVIS AND TRUNK

n001 SURRAUTIME ADJNET (RES,THINA,ELINA,K,NEWJJI,XKTAR,1,J)
c
q C THIS PAUTINE NETFRVYINEG WHETHER THF PRESENT DETECTIAN OF THE
[ 4 KTAR=TH TARGET IN THE JeTH MANE 18 ADJACFNT TA TWE PREVIAUS NETECTINS
c
ron CAMMAN NSCAN,NEXT,NUMTGT, T, LDT,FNDTIM ,SMPDE(30,20)
1 oP1,PIAVR2 ,Twlo],PANTAM,TA'I(30),N8TAR,DwL (30)
? W XYZI(20,4),XYZF(20,4),TRGPOS(20,7),81GJA~(21)
3 ¢ STIGTAR(20,3) ,FHV(20),STGCMAM,ISWIT, TEMPWR
[ ¢eSHIP(9),RC(30),RM¥OANE(3N,12),IMANE(30,2)
a00% CAMMAN JMERSET/ PETPAR(100,4)
¢oea cAvMAN /NETS/ NDET3(20,30),4ERY(20),RANGES(20,9,30),423720,9,30),
1 SANDET3(2N0,09,%0) TIMES(20),IEY(20)
c
c RES 1S5 THF RANGE RESOLyTIAM CELL STZE
€ THIOR 1S THE 3=NR AZIMTH ANTENNA REAMAINTH
[ ELIDP IS THE ELEVATION SeNR BEAMWINTH
c K IS THE PRESENT NUMBEQ OF ADJACENT DETECTINNS
C NEWJJ 18 THE PRESENT NUMBER AF NANADJACENT DETECTIONS
c KTAR 18 THF INDEX OF TWE PRESENT TARGET
€ 1 I8 THE INDEX AF THE PRESENT NETECTION
c J 18 THE INMDEX AF THE PRESENT MANE
4
nons RBPANGEI(KTAR,T,J)
rnng A m A73(RTAR,I,J)
0007 E 8 RMANEC(J,1) ¢ RC(S)/2,
c
C TEST T* LACATE ADJACENT DETECTIONS
c
noos PO 16 Ixm),K
unoe IF (ARS(R=DETPAR(IK,1)),LT7,1,249€8,AND,
1 ARS(A=DETPAR(IK,2)),LT,0,12TH3DR,AND,
2 ABS(F=NETPAR(IN,3)),LT,0,1#EL3DB) GO TO 20
¢09Y0 IF (ABS(KeDETPAR(IK,1)),LY,0,1«RES, AND,
1 ARS (A=DETPAR(IN,2)),LT,1,2¢+THIDR,AND,
2 ABS(E=NETPAR(IK,3)),LT,0,12EL3NB) GA TA 20
nety IF (ARS(R=DETPAR(IK,1)),LT,0,14RES AND,
1 ARS (AeDETPAR(IK,2)),LT,0,1«THIDH AND,
2 AHS(F=NETPAR(IK,3)),LT,1,2+EL30R) 69 TY 20
NNy n CANTINLE
6nys NERJJISHERJJe 1
0ntd RANGES(KTAR,NEWJJ,J )8R
~n1s A23(KTAR,NEWJJ,J)8A
note SNPETI(KTAR,NEnJJ,J)BSNDETI(KTAR,,J)
0oty RETIIRN
0018 20 MEKel
uny19 DETPAR(K,1)ak
0020 DETPAR(K,?)sb
rn2y DETPAR(x,3)8E
vna2z? DETPAR (X, 1)BSNDETI(KTAR,1,J)
r3 ) RETHEN
2 noey FND
«
|
|
4 !
|
i |
2 | :
1 | e i
b | "
”1
' -
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SURPOUTINE NETIND (§,C,FNyNINR,CI¥,FSIG,NREF,PES,NTAE N, THIDA,
1 MANE ,A2TNTT , AZKRP X PG, THRSH ,PARM, SLTRUE)

THIS PMUTINE PFRFARMS YWF DETECTION CALCULATIAN FAR THF NTAR TARGET
AND FAR A SPECIFIED ELEVATIAN MADE, THE CALCULATIAN IS PERFARVEND
IN THE MDJACENT RANGE aND A2IMUTH REAMS, THE JamMIMG AND CLUTTER
ARKE ASSUMED TA PEMATN CANSTANT, THF TARGET PAWER CHANGES »1TH THE
ANTENKA PASITIAN,

CAMMAL /JCET3/ MDFT3(20,39),MFRYI(20),RANGEDS(20,9,30),823(20,9,30),

1 SNNFTR(20,0,%0) s TIMES(20),1KEY(20)

CAVMMAN NSCAN NEXT ,NU4TGT, T, 9L 0T, FANTIM ,SHADE(30,20)
dP1,PIAVRY ,TaBp] ,RADIAN,TAUCSO),DSTAR, DL (31)
WMYZT(20,4),XYZF(20,4),TRGPAS(20,7),81GJA(20)

oSICTAR(20,3),FHV(20¢),SIGMOH,18WIT,TEMPWR
+SHIP(Q),RC(30),RMANE (30,12),IMANE(30,2)

CAMMAN J¥AD/ MODEL (20)

CAMMAN JFLUC/ FLUCT(32,20)

DIMENSTIAL SNREF (20),INF(20)

DIMENSTIAN X(32,025),55(32,25),80M(25),18(25),R(12P),D(14)

C AN -

S IS THE SIGMAL PAWER

C IS THE CLUTTER PAWER

Fh 1S THE NATSE COWER

NINR IS THE MNUMRER AF pULSES AFTWEEN THF YDk ANTEANA PAINTS

CHR 1S THE CNRRRELATIAN CAEFFICTIENT AF CLUTTER

FSIG NUMRER PF STAMNDARPD NEVIATIAMS USEDC IN CALCULATIRN AF THE T

NREF 1S THE NIIMAFR OF QEFERENCE CELLS AN EACH SINFE

RES 1S THE WANGE RESOLYTIAN CELL SIZF

NTAR IS THE YARGFY AF INTFREST

N IS THE NUMRER AF TARGETS

THINR IS THE ANTENNA JoNE REAMWIDTH

MANE 1S THE INNEX AF TWE ACTIVF RANAR MODE(I,E, BEAM PASITIAN)

AZINIT TS THE IMITTAL QEAM PASTTIAN FOR THIS SCa%

AZHARP I8 THE AZI™ITH OFF SET HFTWEFN AZIMUTH REAM PASITIANS

XLAG DFENATES wHETHER LINEAR(XLAGEO,0) AR LAG(XLAGS1,0) VIDEA 1S USEN

THRSH MENRTES WHETHER AL THF REFERFNCF CELLS(THRSrm(,0) , THE
SMALLFR HALF(THRgMECN), OR THF (ARGER HALF (THRSHD() SHAULD AF USEN

PARM MFNATES WHETHMER TWE MEA'' AND VARTAMCE (PARE2,) AR JUST TwWE
MEAN(PARMEY ) SHA LD PE USED TY CALCULATE THE THRESHALN

saneane NPTE, DETECTION TIME 18 SFT EQUAL TA T asensastsnsncanes
IF (N3NA LE, 32 ,AND NREF,LE,10) GP TA 3

PRINT S0

FARMAT (1H],' FITHER NYDR @ NFEF ARE TP | ARGE')
sTAp

IF (ABS(CARP),LT,1,0) GA TH 4

PRINT S

FARMAT (JM)," CAFRFELATIAN COFFFICIENY T8 GRFATER AR EQUAL TA 1Y)
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, RN SHE ppC
FROM COFY FURNISHED TO DAVIS AND TRUNK

an1s |TAap
nove 4 CANTINUE
C
C TEST 1" SEF TF THFRE T8 ANY CHANCE NF A TARGEY DETFCTINAN
4
5017 99 FARMAT(IHO,2X, 'DET!,[5,3E15,R)
001 H SHINTEY IPHAS/ (CHFN)
no1e IF (SMIMNT,GT,2) 6N T0 §
c020 NDET3(MTAR,MANE) B0
0021 SNTRUE 8 10,%9(=9,9)
nngp RFTUYRN
cne3 S SNRFF(1)sS$
DIPY) INF(1)BNTAR
cnes NREF 282« FEF
nnen CALL HESOL(NREF,PES,NTAR,SNREF, INF NI, THIDRA, M)
0no27 502 FARMAT (1H0,' TARGETS ARE',101S)
LNPRA KA2u(TRGPAS(MTAR,S) =AZINIT)/AZRAP4,S
0129 I1=s0
€
C OO0 LMAF FAR THE THREE AZ2IMUTH HEAM PASITIANS
c
G030 Tazs0
noty 2RSS IA7m1A74)
noye AZIMSAZRRPA(KAZ4TAZe2)4AINTTY
n)vy KPSSTRGPAS(NTAR,U)/RES
Jo3u RSERFS*KRSel1Y aRES
c
C A0 000800000000 08000040000000080000000000000000000004%040000000000
c
[ GENFRATIAN AF STGNSL VALUES
C
C CPEPEP 0000000000000 00000000008040800000448%800890004%000000000000
C
0nss NS= 1
ante NFsNY(R
nny 'NSs) 3=t REF =2
(R Y] NRFg134MREF 42
notg NA 7 JeMRS,NRF
nhug 1S(1)m
neuy na 7 JeMS,NF
nup 7 S8S(J,1)mi,
nnuy I¥FRGERY
LYYy DF 4n kKe),NT
Guus FRETRGPAS(TMF(K),u4)
unug KNg(RHeRS)/RES
0ur IF (W ,FN,1,0F KR GT 16 AR KR LT,10) GM TA A
NNUK JYERGE e
c
( FLUCTUATING STONAL
(s

166
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nou9 B NSHEMANEL(TNF(K))
nogo IF (N8¥,GT,0) GA TE 19
nosy FLmi,0
nos2 Q DA 1) JeM8,NF
nosy 10 FLUCT(J,x)sFL
Y] 69 19 17
nnss 19 GP TH (12,13,15,16),N8w
0nse 12 IF (IXEY(NTAR),GT,0) G8 T 17}
nosYy CALL VPANF(R,1)
nOSA FL s=ALAG(R(1))
(LY ] G A 9
noso 13 MeNFeieN§
006l CALL VRANF (R,M)
DY ] KKgn
nney NO 14 JeN§, NF
N064 KKEKK e
0nes 14 FLUCT(J,M)seA AG(R(KK))
nneeé GO T 171
cee? 1S 1F (IKEYINTAR),GT,0) GA TA 171
LOTY ) CaLL VHANF(R,2)
N069 FLe= S (ALOAG(R(1))*ALPG(R(R)))
nnvro GA YA 9
nny 16 MghFeieng
nny2 MIg2eM
0173 CALL VRANF(R,M2)
w4 KKg)
vnrs DA 17 Jah§,NF
novT6 Mg
nor? 17 FLUCT(J,¥)m  (ALAG(R(KK))+ALAG(R(KKeM)))n(=,5)
6ors 171 CANTINUE
nore §12 FARMAT (1h0,' “ERGING PRORLE~ (W ,KP,JMERGE) s ',311n)
LLLYY nA 35 Imt,}
NARY KTsKReJe2
"DLY ] IF (RT LT, NRS AR KT, GT NRF) GA TH 35
ALS ) I18(xT)s|

¢

c MADULATTIAN AF STH(X)/X PULSE SHAPE

c
nnny RTEMP 8 KTaRESHRES/2,4R8
NORS FNTF22,78324(RReRTEMP) JRFS
nhng l.l'
VLR IF (FOIF,EN,0) GA TA §p
G0RA FeSI(FDIF)/FN]F
HOLE 18 FgFaf
uien SMeFaSHREF( K Y/(CerM)
noey §03 FARMAT (1W0,' KT,HS,RTEMP,RQ,FNIF,F,8% 8 ',15,6F12,4)
)Q2 AASTRGPAS(INF(%),S)

c -

c MADILATIAL AF SIN(X)/%X ANTENMA PATTERN

c
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.nay GRIF32,73%328 (421" e MA)/THINA
nneyg 5§19 EARMAT (k! GOIF,AZTm, AA,A2]INTIT = '1071?.6)
nnaes rs1,
LTS IF (GNIF EN,G) 6Y TA 19
097 GeSIN(RUTF)/GNIF
fNQA 19 GsGesu
1069 ne 20 Jeh§,NF
C
[ wenes “PTE , TARGETS ARE ADPDED NANCAHEREATLY stosnasas
C
100 SS(I,MT)IESS(J,"TIeSMaGWFLUCT (I, ")
0101 20 CANTINVE
AT 15 CANTINIIE
ainy 40 CANTINUE
Giod 1F(182 ME, 2) G TO 4gS
ntos SNTRIIE 3 O
n1ee DA 4ee J s NS, MF
n1c? 4N SNTRUE ® SHTRUE « S$8(J,13)/N1DR
(108 INS CALTINGF
rnNe ne 4y ].0(15.&9;
w110 IF (IS(I),EQ,0) GA TA 41
N1y §91  FARMAT (R0, ' J,NS,NF 3 ',3]15,25(/,10F12,4))
112 a1 CANTINIE
a1 IKFY(NTAR )3
c
r CEEPP00 0000000000840 0 0400000000040 40000000800040000409409040000040¢
C
c CENERATIAN AF NATSE SAWPLFS
c
C CRP000 0000000000000 000000080808630908008%0008000500004040000000000¢
c
0114 MghFsleliS
(ARE] M2s2»m
u11e “iggem
Ny MUuguam
RL 1F (M3DASC «BYFN) GO T8 100
4
¢ CLUTTEX 18 AT 4 FACTARQ
-
4119 NA Qu IsnRS,NAF
0120 IF (IS(1).,EQ,1) GF T2 7S
C
g N SIGHAL PRESENT IN TWlS CELL
c
n121 CALL VRANF(R,™)
ni2e Ken
12y DA 60 JENS,NF
0124 Kak el
912% A(J,1)880RT (=2, #ALBG(R(K)))
n126 KN CANTINUE
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a12?

r12R
n129
LR
13
0132
133
n1l4
n115
0136
r137

n13A
"139
vl
ntau
ntau?2
n1a}y
wluu
0148
n14s
nla?
NluA
n1u9
nig9
n1sy
n1se
n183
2154
n18%
n1Ss

6187
n1gA

n159
AL

(AR}
nin2
N6l

an

Son

[a e el

o0

75

an
9N

100

120
180

2.8

RN PAGE 18 B2ST QUALTTY PRACTICABLE

NRL REPORT 8228 ¢4/ vu. X §uni1SHED TO DDC —

LA TN 90
SIGNAL PRESENT T THIS CELL

CALL VRANFE (R,42)

Kan

rA Bo JanS, nf

L¥ LA

ARSMP [ tag eALAL(P(K)))

HeTw”Plel (ko)

(T, 1)RSURT((ASCAS(H)eQRRT(SS(J,1))#1,41U)ww2e (ARSTN(P))#e2)
FANTINIE

CATINUF

G TR 00

CLUTTER 1S A FACTAP

ARLNXBSONRT(C/(CeF%))

rFCsARL X

FENSSHRT (FN/(CeFN))

Pa8QPT () ,«CANeCHR)

NA 180 JTaNRS,NRF

COLL VVARF(R,2)

AMLNPYSR CreST (TwAPlaq(1))480P (=2, 481 AG(P(2)))

AR Nis CCoCAS(TARPI#0(1))eSOPT (=2 «ALIG(R(2)))

CALL VRANF (R,Mu)

LS XU

OA 129 J84S,NF

KgKet

4 BSLURT (a2 #d( *G(R(x1]))nCC

A1SSINT (2 wALAG(R(M M) ) ) eFEr,

H ogTafOTa(KeM))

PIgTAfD sk (oMY

APLDISCARAALNNSP e aCA](R)

AYLNYSCARSAALNYPsARSTNIR)

XSy TIMSUNT((AALNKGAL#CASIR))SAPTISS(J, 1)) %1 ,41d)ned o
(AALNYeA1aSTHRI))aed)

CAMTTINIF

cnhvlnnt

GFNERATTIANL BF 3JUv

MeENS 4 §NHe
1F (ILAG,1T,0,0001) A T 210

DRE LAG VIDEN
nA 278 Jsvs,v8

NA 20§ 13495,NRF
X(J,1)ALAG(C(I, 1))
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R EY]
168
n166
DALY
n1pA
0169
r70

RARA}
0172
0173
n1 74
0178
LAR L)
AR AJ
0178
n79
(RLY]
0181

0182
01A3
vled
c188
olae
01A7
[ALL}
n1A9

0199
vioy
2192
n19y
194
0n19%
019
0197
010A
(AL L)
020n
n2o1
0202
ngny
nadne

laNa el

[aXaXal

[aEa N2l

210
201

220

230

238

240

2uS

24R

280

DAVIS AND TRUNK

CAMTINVE

NA 241 JenRS,NRF
CANTINU'E

N 220 IsNRS,NRF
SuM(I)s0,

DA 220 Jen§,™§
SUM(T)sSUM(I)ex(J,]1)

GEMERATIAH AF THE DETECTIAN THRESHALDS

ne 280 Js12,14

ULBAsO,

UuPen, 0

Mg Awa0, 0

XMSUPSC, 0

NA 239 Is1,NREF
ULAWSULAweSUM (Jelel)
UUPSUPeSUM(Jel 1)
AMGLAWBXMS(AneSUM(Joley)nn?
AMGUPBXMSUPeSUM(JoTeol) a2
IF (THASH ,NE,0,0) GO TA 23S

USE ALL REFERENCE CELLS

UsuLAweyuP

AMGaXMS L AneXmMEUP
D(JISU/NREF24FSIG#BORT (XMS/NREF e (II/NREF2)e%2)
IF (PARM,GT,1,8) 6" TA 2S0

0(J)IeFSIGPU/NRFF2

IF (xLOG,LT,0,0001) GO TP 250
D(J)SFSIGOU/NREF2

GO 1A 250

USE FITHER MIN(THRSHe0) AR MaxX(THRSH>0) REFERENCE CELLS

IP (THRSH,LT,0,0,AND,ULOW,LT UUP) GA TA 240
IF (THRSH,LT,0,0,AND,ULPW,GE,UUP) GA TO 24S
IF (THRSH,GT,0,0,AND UMW, LT, UUP) GN TH 245
IF (THRSH ,GT,0,N0,0ND,ULAW,GE,UNP) GA TA 240
UsyLfw

YMSEYMYL Ow

GO T 24P

usuup

XMSgYMS!IP
N(JI3SI/NREFIFSIGHSQRT (xMS/HREFe (L/MRFF)e92)
IF (PaPM ,GT,1,5) GO Ta 269
D(J)ISFSIGrUU/NREF

1F (XLAG,LY,",0001) GO TA 28n
N(J)SFSIGeII/HREF

CANTINIIE
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|
wans §)& FARMAT (1Hu,10F12,4)
c
¢ NA LRAP FAR DFTECTIAN oF CENTER PULSFS
e
4206 nA 280 I312,16 !
n207 260 IF (SUMCT) LT, 0(I)) GO TP 289
N20A I1slle) |
0209 NNETI(NTAR,»ADF)S]T 1
n210 IF (IMFRGE ,EQ 1) MERS(NTAR)ge}
o1 HONGES(NTAR, TT,“INE)SRGe(]¢,5)eRES
0212 023 (NTAR,TT,~9RE)sapIm
1213 SNOETI(HTAR,TT,MANE)eSuM(T])
n214 IF (XLANG,GT,0,0nr01) SNAETI(NTAK,TT,“"DE)sN3DB*EXP (SU~(T)/%3DF)
n218 2R0  CANTINUF
w216 SoAN FAPMAT(1HN,' SUM AND TWRESHOLN 3 ! ,SX,6F12,4)
n2.? IF (TAZ,LT,3) GA 7o 285
€
C CHEC® FAP DETECTIANS i
c
V21 17 (J1,GT,u. R, MERS(NTAR) EQ,=1) G TA 309
va1oe 1F (IMERGE,FQ,1) “FRI(NTAR)ge2
naan 300 RETUPN
n221 END 1
J
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nnny
a002

nany
nanu
0a08

none

von?
GOOR

0009
9910

D011
no12
0n13
2014
0918
9016
cory
nngn
0719
on2o
nnet
0022
nozsy
vyed

w02sS
(Wrd)
no27
IR
0029
0030
Loy
w0y
nosyy
(034
(R L]
nN3e
n0%7

[aNaRal

S BEST QUALITY PRACTICABLE
FROM COrY FURNIoHsD TODDC

DAVIS AND TRUNK

SURRAUTINF FXCLTY
CYAMAN LSCAN NEXT ,HUMTGT, T,90DT,ENNTIH ,§MANE (30, 20)

1 JPI1,PIAVRY ,T4ND],RANTAN,TAU(3N),NSTAR,DAl (31
? s XYZI(20,4),XYZF(20,4),TRGPAS(20,7),816GJ4aM(20)
3 oSIGTAR(20,3),FHY (20),SIGMAH, ISWIT,TEMPWR

4 ¢y SHIP(Q),RC(3V) ,RMANE(30,12),T“ANE(30,2)

CAMMAY JFCIN/ N,PRIB,RE,RF,THS,THF,81GA,SIGR,ISFT

CAMMAN /FCPT/ R(100),A2(100),RANCUNN) N2 ,NY,NU

CAMMAN /CLTAUT/ RAUT(201),A2PUT(201),ELAUT(201),TAUT(201),
1 RLOUT(201),PTAUT(201),8RUT(201),NC(100),IC,1V

CAMMAN /STARIN/ RMAX,PMaX,RFAC,PFAC,PHASF (2)

ICsn

IF (N,FG,L0) GO TA 1S

TIMZR IS THE TIMF AF TwF ZERM REARING CRASSING
TIMZ2ReTa3600,

TIMSCN IS THE SCAN TIME AF THE RANAR
TIMSCHERMADE (1,S)«3600,

RES I8 THE RANGF GATE S§T2€
PESERC(19)

CALL SFTVR(ISET)

CALL VRANF (RAN,NUY)

ISFT 8 2147UB364UY #RAN(Y)

JQET & 2+(18FT/2) ¢ )

NA 20 TIs1,N

IF (RAM(]),GT,PRAH) G TA 20
ICa]Cet

NC(IC)ST

THSRAM(JeN)eTufP]
RAYRSORT (@2 ,#ALNG(RAN(T#ND)))
Ke(R(1)+SIGRaRAYSCAS(TW))/RES
RIUT(TC)S(Ke) ,S)aRES
TAUTCIC)STIMZB4TTIMSCNRAZ(T)/THNP]

GENERATIAN AF WALL AND PITCH

FLAUT(TC)SRMAX#STIN(TOUT(IC)*RFACHPHASE(1))
PTAUT(IC)SPMAXSSIN(TAUT(IC)#PFACHPHASE(D))
CReCAS(RLAIT(IC))

SAeSTN(RLOUT(IC))

CPeCASIPTAUT(IC))

SPeSIN(PTOUT(IC))

AASA2(1)=8KHIP(S)

TEsn,
XeSIMNIAAIRCRO(CNAS(AA)RGPSTERCP ) #8R
YSCAS(8A)aCP=TE e8P
ASATAN2(X,YY¢TRAPT

ERARSTIH(CRW(CAS(FLIACAS(AA)*SP4SINIEL)ACP)=CPS(EL)ASTN(AA)SR)
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noxg
nouo

nouy
DRUY
anuy
noue
504us
noue

2047
npaK
nou9

n0so
[}
nnse

nnsy
~nsy
08§

0nSe
nns?y

0osa
1089
00RO
0061

[aEaNaRaRaNalalle Nalle Ne e Nal [aEaNal

[aEalal
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e

NRL REPORT 8228

GENERATIAN OF MEASURED MNGLES

ATEMPERASSIGARRAYSSIN(TH)
ATZAMAL (ATEMP ,TuRPT)
FT3F+0,S«RC(S)aRAN(TONY)

CARRECTIAN AF ANGLE MEASUREMENTS wITH RALL AND PITCH

NECPR*STrH(ET)+SPSIN(AT)*COS(ET)
(gaSRaS[N(ET)4CReSIN(AT)*CAS(ET)
YeCP+CAS(AT)SCNS(ET)+8paD

AMBATAN(X,Y)eTwRPI4SHIP(S)

AZAUT(IF)SAMAD (AM,TWOPT)
ELAUT(TC)SARSIN(=SP#CAS(AT)I*COS(ET)+CPaN)

seeensenne NEEPR TA GENFRATE AUTPIIT PAWER AARRAN SRR RERS
SAUT(1C)e55,5S

CAMTINUE

KFTIRN

INTTIALTZATION OF THE CLUTTER RAUTINE

ENTRY FCINIT
READ &0, ISET,%,PRAR,RS RF,STGR, THS,THF, 8164
FARMAT (218,7FR,2)

ISET IS TAE INITIALIZATIAN NUMPER FAP THE RPANDAM NUMREF GEMERATAR
MOIS THE NUMRER AF FIXED CLUTYTER PAIATS
PRAR IS THE PRABARTLITY THAT THE CLUTTFR PAINT IS PETECTEN
RS 1S THE INITIAL RANGE 9F THE CLUTTER AREA
RF 1S THE FINAL RANGE AF THE CLUTTER AREa
SIGR IS THF STANDARD DEVIATIAN AF THE RANGE “EASUREMENT
AS A PERCENTAGF AfF RANGF PESALUTIAN CELL SIZE
THS 1§ THE INITIAL AZIMUTH OF THE CLI'TTER AREA
THF 18 THE FINAL AZIMUTH BF THE CLUTTER sREN
SIGA IS THE STANDARD DEVIATIAN AF THE AZTMUTH MEASUREMENT
AS A PERCENTAGE MAp WARIZONTAL 3IDR BEAMAINTH

PRINY &S, ISET,H,PRAR,RG,RF,STGR, THS, THF,SIGA
FARMAT (1H0,' FIXED CLUTTER ',218,7F8,3)
CALL SETVR(ISET)

CALCI'LLTIAY AF RANGE CELL NIMEFS19%

RES=TAUC1)«30009%0 /2,

RFSaRES#3,2R78/6,nA
RC(19) = RFS 8 RANGE RFSALUTIAM CFLL SIZE
RC(19)s3RES

IF (NFG,0) GA T4 1§
HSsRS/6,NR0Q2
RFEsRF /6 0RNg
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FURNLSHED T0 DDC - —

gns2
0063
nopu
006S
N0ke
Nnoel
GORA
0069
0070
067y
0072
nor3
0074
0n7s 10
0076 1S
(A

PRACTICABLE

DAVIS AND TRUNK

THSsTHS/RADTAN

THFSTHF /EADT AN
SIGABSIGA*RC(4)
SIGR=SIGH*RES

IF (N GT,100) N3100

LT rIL

NSz Jel

NAgUAN

CALL VFANF (RAN,N2)

ISET 3 2147483647 aRAN(Y)
ISET = 2#«(ISET/2) ¢+ |

08 10 T=i1,N

R(I)SRS4 (RF=R§)aPAN(T)
AZ(IIBTHS¢(THFeTHS)aRAN(]I¢N)
RETURN

END

174

S = kL
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: PRACTICABLE
PH1S PAGE IS BEST QUA:Z)ISC
rGd SURRBUTINE INITAL URNISHED '
0002 DIMENSTEON BAMANE (30,2) FROM COFY iy
uno3 COMMAN MSCAN,NEXT , NUMTRT, T,0LDT,ENPTIM ,§MAQE(30,20)
1 sP1,PIAVRY ,TAAPT,PANTAN,TAL(SN),NSTAR,DAL(30)
? e XYTI(2U,4) ) XY2F(20,4),TRGPP8(20,7),81GJ4M(2N)
1 s SIGTAR(20,3),FHV(20),8IGMAN, TSHIT,TEMPWR
4 s SHIP(9),RC(30),R¥BDE(30,12),I4ANF(30,2)
2004 CAMMAN/RY/ ENVIR(10),SURC(30),RE,CNM,CCH,ACHN,BETA,
. DATP(20),PALRZ, IKEYF , XKTANS, XNMTAM, TARCS, VL ,FOPTNHE,FAPTSD
0008 CAMMEN/T/ PBRS,HAFK, THETRK,DRDAAL, THI, THV,GH 1
cioe PC(10)3290,0%1 ,3R%10,0a0(=23)
(2 X ¥ 2 SHIP CHNRDIMNATES
0907 ; READ S0, (SHIP(T),Is=1,3), SKIP(S)
CLY S0 FARMAT(9FB,2,12,F6,2)
6n0Q PRINT 500, (SWIP(]),Im1,3), SHIP(S)
na1o SN0 FARMAT(/,' SHIF X,Y,Z, CPORDINATFS AKE ',3FB,3,8%,'HEADTNG IS',
1 FR,3)
0011 MILIOMSY (O0E4H i
ang2 08 36 I=1,3
0o1y 30 SHIP(I)SSHIP(I)/¢,0802
nuld P183,1415926536
ants TARPIgPI+2,0 ;
0nte PIaVR2 sPl/2,0
co17 RADTANSS7,29578 1
0)1R SHIP(U)SSAURT (SHIF(3))
0019 SHIP(S) =3 SHIP(S)/PADIAN
0020 READ S0, (RC(1),181,9),NSCAN,POLR? ]
no21 IF(NSCAN,LF, 30) GO TO 10
0n22 NSCAY = 30
nn23 19 CAMTINUE
(124 PRINT 501, (RC(I),181,9),N8CAN,PILRZ
©92% SN1 FARMAT(/' 11 BASIC RADAR PARAMETERS ARF ',9FR,2,14,F6,2)
6nge RC(U)SRC(4)/RADTAN
0027 RC(S)aPC(S)/RANTAN
002R THHZRC (4)
nn29 THVERC(S)
n030 RC(e)m1n oo (RC(6)/10,)
0031 GNsRC(6)
00%2 RC(Y)B1IN,#a(RC(3)/10,) 1
noxsy RC(7)s10 28 (=RC(7;/20,)
0034 RC(m)stlu ,an(=RC(R)/10,)
nuis PC9)=10 20 (=RC(O)/10,)
0% DRADAWN 8 WC(T7)eRCI(T)
vovy Ny ¢ J 8 1,48CaAr
c RMADE(1,5) IS USFD AS RADAR SCA~N PATE FAR ALL “9DNES
D03A READ &1, (RMADE(J,T),181,8) ,A¥ACE(J,1),RHADE(J,11),5UKC(J)
. PRMANE (], 12) 40wl (J) sS4, 8TEC(J,2)
1039 S1 FRErAT(1GFR,2) :
2040 IMARE (), 1 )BAMANE( ], 1)
176
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0oLl
anuR

2043
onuy
nnus
0Nnue
nhuy
50uR
nou9
9050
vust
0n9se
“0S3
1054
nnes
00S6
DITLS
NNSA
0989
0060
nHet
0062
LTS Y

nhpd
viesS
('Y
noe7

nigR
nnKo
nogn

[aXaRaKe e e e e le e Ne la e e NeNaNa Nal

511

55

60

T0

790

B
DAVIS AND TRUNK
MPE gPMF
PRINT S114Je(RMOTEC(Ie 1Y I81,8),I“ORE(J,1)ePMORE(T,11),SURCC(])
. sRMENE(J,12),0wL(J),S5M,SM2DE(J,2)

FARMAT(/,' 16 MADE ',12,' PARAMETERS ARF ',BF9,3,1R,/,%50%,6F9,3)
IF (R4ADE(J,5),6T7,0,0) GN TN S§§

RMANF(J,S5)310,0

RMANDF (J, 1 )BRMACE(J,1)/PANTAN
RMADE1J,2)sRMADE(J,2) /P DI AN

IF (8~ ,EQ,0)8maRMANE(J,u)

SMADF(J,1)8150, 8%/ xNMy I~

SUADE(J,2) 8 11U, 20 (=SMALE(T,2)/10,)

SHMPDE(J,3) 8 PVF

RMANE(J,S)BR“ANE(],8)/%670,0

WMADE (J,A)BR™ACE(J,6)/3600,)
kMENFE(J,U)SRMANE (1,43 7wl I"N

PHMADE(J,R)m1N ae(=RMODEC(J,R)/10,)

RMENE (J,3)SRMADE (J,3)emMILIAN

TAU(S) = RMBDF(J,11) /7ML

IF(RMANE (J,12),LF,N) RUADE(J,12) 8 1 ,0/RMBDELJ, 1)
RMADE (J,12) 8 RMANE(J,12)eMIL IAN

IMENE (J,2) 8 AX) (RYADE(J,12) ¢PMADF (J,11)/#ILION ¢0,5,1,0)
RMODE(J,11) 8 10, 0a(=PuF)

SURC(J) 8 10,¢¢(=SUBC(J)/10,)

CANTINUE

FEAD IN PARAMETERS FOR MAVING wIAD”a DETECTAR

RC(15) 3 NREF g NO, QEFERENCF CFLLS v EACH SINE OF TARGFT CELL
RC(1A) = CPR 8 CLUTTER CORPELATIAN COEFFICIENT

Pr(17) & FSIG 2 NP, GTANDARD DEVIATIONS USED TM THRESHALD
HAC(1R) = T8RP & AZIMUTH AFFSET RFTWEEN REA™ PASITINNS

PC(19) = WESALTIAN CELL SIZF (CALCULATED)

KC(20) ® XLAG s VIDEY YYPE

[ LINEAR VINED
1 LAg VIPER
RC(21) 3 THRSH s NA, Bf REFERENCE CELLS USED
o ALL CELLS USEDP
< 0 SMALLFR WALF USFD
>0 LARGER WALF USEC
RC(27) s PARY & PARAMFTERS USED TN CALCULATE THRESHALD
1 MEAN USEND
2 “EAN AND VARIANCE USFP

RELD T7C, (RC(T1),1%1S,1m), (RC(I1),1820,22)

FARMAT(10FR,2)

PRINT 760, (PC(1),1=215,18), (RC(T1),1%20,2?)

EARMAT(1HO, ! ADNDITIANAL WAPAR PARAMETERS AKRE ',7¢9,3/)
AZTIMUTH BFFSET FPAM DEGREES TO PaDIANS

RC(1P) =3 HC(1R)/RANTAN

PETURMN

Enp
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THIS PA
FROM COFY FURNIS
SURRSUTILE THITIC (4, AZTNTT)

THIS KSUTINE S=SULT BE CALLEND AT TWF REGINLIAG 9F FACKH A'( FYERY
SCek, 1T CELCULATES THE INTTTAL RE84 PASTTINY anP 2E3RS T
FALI w1 BRPAYSE “ERZ, IXEY, ANP PDETR

CAvMnl, SCAMGNEXT ,AUMTGT, T, ALDT,FuNTTA ,SUANE (3G,20)
1 PL,PIAVR? ,TAPD],RANTAL ,TaUI(30),NSTAR, Iial (30)

2 dEY2L(29,4) , XYTE(20,4),TREPAS(260,7),816G6 4" (20)

3 'SI’-YAQ‘)“';71FﬂV(P'\’,S]GMQ'v']S.I"YE"P"“

4 eSAIPIQ) ,EC(39) ,PHAGE(YN,12), 14" (30,2)

Carmnan. /PETY/ nOET3(20,30) ,MERY(P0),R8%GF3(20,9,30),4823(20,2,31),
1 SUOET3(20,9,%0) JTIME3(20), TvEY(2N)

Y 1S THE NUMKFS AF TARGETS
AZINTT TS Tuf IWITIAL REAY PASTTIAL FAR TWIS SCAv
B2FRP TS THE AZT™1iTW AEF SFT HETwFen AZ1VUTH HEa™ FASTTALS

AZRRP g EC(1AR)
CALL VPANF(AZTIIT,1)
AZIMIT s R21NTIT#AZRREP
GM 16 TE1,N
MFEZ(I)mr

IKEY(T)&h

NA 10 Js),%8CAN
NDETY(T,J0)=0

RETIIEN

END
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THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COrY FURNISHED TO DDC e DAVIS AND TRUNK
’ G0 S1GPAITINE MBNTYIN (RES,*,THIFR,ELINAR)
N2 CAnMAL NSCANGNEXT L UMTGRY , T, ALNT,ENPTIY ,EMAGE (39,20)
» 1 PT,PINVN2 ,TmD] ,RADTAY ,TAIL(30),0.8TAR, DAL (80)
2 P IYZT(20,4) ,XYZE(20,U),TRGPR8(2N,7),5]16G6J8%(20)
3 s STCTAR(2G,3),FHV(20),8IGMAm, 18417 ,TEVDUR
4 s SHIP(9),RPC(30),A“ANE(3N,12),14°PF (35,2)
LEXTITR } CAMMAL /MEFSET/ NFTPAR(I(CO,4)
woue CAMMAN /NET3/ MDET3(20,3)),MEQ3(20),RAMGED(21,9,30),a23(2,9,39),
1 SUNETI(2",9,39) o TIMEY(20),IXEY(29)
nnos CAvuAN /DET/ NPET(20),4ER(20),RANGF (20,3),82(20,6),84CET(20,3),
1 ELEV(20,%),TIYE(20)
c
c RES IS THE RANGE RESOLUTION
c N I8 THE NWUMHYER AF TARGETS
c TH3IDR IS THE MZIMUTH SeNB ANTEtING REAMAINTH
c ELINR TS THF ELEVATION 3«08 ANTENNA REAMAIDTH
c
C THIS RAUTINE PESALVES alL “ERGING PRABLEMS AMD MAKES THF PASITIAN
g c ESTI“MATES FAR THF YeD RADAR, THF 4P| SYSejen LAGIC IS U'SEN,
3 ¢ SPECTFICALLY, THERE “UST BE A GAP TH EITHER QANGE, AZIYUTH, PR
| c ELFVATIAN FPR 4 SECAND DETECTIAN TR RF DFCLARFD
| c
d
! nnoe DA 1000 vTARSY,N
(=
( FIND FIRST UMUSER DETECTION FAP TARGET & KTAR
c
06T DA Ju Js1,N8CaAN
TLUL) IF (MDETI(XTAR,J),6T,0) GA TA 1S
0onn9 10 CANTINUE
nn1o NDET(¥TAR)S)
ongt MEP (MTAK)SMERI(XTAR)
0912 TI“E(KTAR)STIMETZ(KTAR)
ni1y GO T~ 1000
onia 1S 1I1s0
nnys er ¥ B
noye JIJBNNDET3(XTAR,])
(TR R4 NETPAR(K,1)SRANGEI(KTAR,JJ,J)
noia DETPAR(K,2)s A23(xTAR,JJ, )
no19 NETPAR(K,3) 3 RMAPE(J,1) ¢ RC(S)/2,
no2o DETPAR(X ,4)SSNDETI(KTAR,JJ,J)
noa1 NDET3(XTAR,J)8) et
nnga 28 KSTARTs«x
¢
’ ¢ FIND ALL ADJACENT OETECTIANS
{#
2% DA 100 LTARSKTAR,"
0024 I1F (LTAR,EQ,KTAR) GA T8 30
002% 1F (YEPI(KTAK) NE,=1) GN TA 100 ¢
02k IF (MEWS(LTAR) ,NE,=1) G* T 100
’
L
3 :
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THIS PAGE IS BEST QUALITY PRACTICABLE

v

—

- EREEIE .

raer 39 0A 4s st ,%M8Ce
nn2a JITNPETI(LTAR, ) FROM COrY FUKNISHED TODDC __
4029 IF (JJF%e9) 6GY T8 4S
wo3n NE~ IS
noly Ne 4h T=1,JJ
0132 CALL ALJDET(MES, TN, gLYDE o ,M6-0],1 TAR,T,])
naly ) CANTINUE
nule SODETI(LTAR,J)eNE-J)
1018 48  CeUTIMNUE
HER 1) 10 Co*"TThH0F
auty TF (Y ,CY X TAkT) G* TA 2§
c
r FSTIVATE NF PASITIAN
[+
(LOR L] ITs)1et
n139 IF (TI.6T7,3) G~ T8 40p
vhan NNET(MTAR)=]]
nony TI“E(KTAP)STIMES (KTAR)
(AR MER(WTAR)SMENI(KTAPR)
nuy SNgn
n044 §P3n
1148 Sazn
yhide SFsn
noqy SuaxghH
nHuR E~INsIn00N),
a0n9 Fuaxge | NnNCO0,
LY nAa 200 131,x
n081 SAESFe( FTPAR(T,1)»DETPRR(T,4)
N082 SASSASNFTPAR(],2)« "FTPAR(T,u)
Nnsy SFRSEeNFIPARIT ,V)sRF IR \R(T,08)
RO SNBSSt ¢NFTPAR(T,4)
nnss E“THNEAMT I (E~]%,DF TPAR(T,3))
LTS FuAXEA AXT(EVAX,NFTPARCT,3))
LY SYAXZAYAX1 (S  ax, 0k TPAR(T, L))
H0SA 20 CrLTTNIE
1189 CANGE(*TAR,T1)8S2 /8N
e A7(4TAM,IT)sSA/5Y
URaY | SPDET(®TAR,TT)sS~AY
Y FLEV(¥TAR,I1188F /5~
0negs IF (SF /S ,GT.EL3INR) 5A TA 210
nied ELEV(XTAR, JI)S(E“AXVEMINY/2,
968 210 DA 22n Jsi,%8C 4%
BT Y 1F (NDETI(MTER, ) ,GT,0) 6GA TA 29
LTy 220 CANTINUE
angA GA YA 1000
nK9 any  FRINT SC,1T1,F¥TEw
“nrn &7  FARVMAT (1H0,' THERF ARF T MaNY NETECTIAUSY!, IS5, 'NDFTECTI® 8 FoR
1TAPCET o ', 1%
Lo 1900 CANTINOE
neve RETHAN
nnrsy EnNrP
| |
{
‘, :
’
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X 175 HED ODDC e
FROM COrY FURNISHED T DAVIS AND TRUNK

waa SUawAIITIVE STaARY
0602 CAUMEL TV NTARG M JAM SPEEN(2N0) ,HEANT (20) ,HEADF (27),Tua%1(20),

| TMANE (20) g XMANT (20,3),XMANF (20,3),GTURN(20),Tuw? (20,

2 CH(20,2),R804(27),TTYPE(27),ALT(20,5),TALT(20,8),%ALT(20)
100% Cor Mt NSCAY MEXT  AUSTRT,T,*LDT,ENNT]I 4 ,S¥ADE (30,20)

aong

008
DRIYY
LTS
0008
009
onta
2011
ndt1e
UEE
)14
h’\ls
ulle
2917
anga
0ne19
229
J021
mn2e2
w23

20124
'\1)25
JI2h

DEPS
ANDA
G029
9939
LRE S
ung2
1533
anty
HUR L]

2 Eakal

2n

?S
In

PT,PIRVRZ , T4 D] ,RATTAY,TAII(YN),NSTAR,PaL(30)

W RYZT(R20,6L),XY2E(20,4),TRRPAS(21,7),91G6Ja%t2n)
PSIATAR(20,8),F V(20),516Ar,18a1T,TFvPaR

eSHIP(Q) ,WC(30),WM9PE(SN,12),14"PF(30,2)

& wn -

CAM™y JPET/ NNET(20),MbR(20),5A%GE(2N0,3),82(20,0),83~NFT(20,3),

1 FLEV(20,3),TIvE(2)

CovmMoy /STAR/ AALL(2V),PITCH(2N)

Fovm™, /STARTN/ FRrAX,PuaX ,GFAC,PFAC,PHASE (2)
PA 35 Ig1,NTAREG

IF (“OFT(1),EQ,0) GN Ta 30

KguNFT(])

HALLTI) sR“AXeSINITI“E(])eRFACOPHASE(1))
PITCA(T)BPYAX ST (TIYF (1) ePFEC+PHASE(2))
CRECAS(RLL(I))

SRaJTVIRALL(T))

CP=C SIPITCH(I))

SPeSIn(PITCH(I))

AAZTRGPAS(T,S)=8SH1P(9)

ELETRGPAS(1,4)

TESTAN(TRGPAS(1,6))
YESIN(AA)PCRe(CAS(AA)egPeTE P )2SR
YSCAS(AA)*CPeTE «8P

ABATEND(X,Y)eTaNF])

ESARST  (CRa(CASIFL )#CAG(AA)#SF4STIN(EL)#CP)CPS(EL)*STH (AA)aSR)

Py 25 Js1,K
GEMERATIAN AF vEASURED ANGLES

ATFMO382(1,J)s8=TRGPIS(T,S)
ATEANT (ATEVD , TarF])
[ SFLFV(I,J)eF=EL

CARNECTTIAN AF ASGLE MEASUREVENTS wlTW RALL AND PITCH

FaCQeS5T(ET)4859eSTIN(AT)#CAS(FT)
Y3e80«S1*(FT)eCReSIN(AT)I*CAS(ET)
YESCPe(AS(AT)SCS(FT)eSPaD
AMEATALZ(X,Y)eTw P leSHIP(S)
AZ(1,J)ZAMAD(A>,T440])
ELEVIT,J)BARST . (=SP4COG(AT)*C S(FT)+CP+D)
CAITINUE

Co"TTNUE

wWETHOY
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EYTRY STRINT

Raex 1S THE “AXI*iv RALL ANGLE
PULY ]S THF “AXIMIIM PITCH ANGLE
FPEk 1S THE SALL PERIAN
PPER TS THF PITCH PERTIAD

QEAD S0 ,AMAX,PHAX,RPER ,PPER
FrRMAT (4FA,2)

PEINT S§,HU4AY ,PVAX ,RPER,PPER

FAEKAT (1mn, ' RALL Akn PITCH ',4FA,2)
FaaxgR ' AX/QANT AN

PUANEPAY/RADTAN

RELCETAAP]/RPFR

PEACET AP /EPFR

CALL VPArF (P=ASE,?)
PHASE(1)8T NP TePHASELT)
PHASE(D)gT«HPTePHASF (2

BETIEN

gur
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: {1SHD TO D :
FROM COPY FURNISHED AR
nii6iy SHUARALTINE VFELTY
T CAMMoN NSCAN MEXT, S URTET, T, LT, ENCTTM ,S¥ADE(30,30)
1 JPI,PIAVRY ,Tafp],RADTAL,TAII(3C),STEP,PwL (31)
2 W XYZL1(20,4) ,XYZF(20,4),TRGPAS(20,7),81GJ4Y(20)
< WSTETER(PU,3) ,FAV(20),81GAk, ISKIT,TEFPHE
- /SHIP(3),BC(30),R4ADE (30,12), 14#DF (30,2)
PR CAkmrt JVCINZ “RFG,FN(8),PS(S),R6(5),THS(SI ) THF(S),ELSIS),FLF(5),
1 1SET
foey CAuMAL JVELT/ PI2,PAN(3NS),FLA* (S)
cnos CAvMPY JCLTBUT/ FALT(201),82PUT(201),ELAUT(2C1),TANT(201),
1 HLAUTI201),PTAUT(201),880T(201),5C(10C),1C, TV
cane CAvMAL /STABIN/ FuAX,PusX,RFLC,PFAC,PHASE(2)
C
6007 Tvelc
6nng 1F (MREG,EQ,U) GP TO 95
i CALL SETVR(ISET)
anre CALL VEAME (RA%N,305)
vty ISFT & 2147483247 ,994) (305)
rut1e ISFT 5 2+ (ISET/2) ¢ 1
f TIMZE 18 TWE TIME AF TWF 2€R® PESR[NC FPASRING
nnyy TIvIPeTa3b00,
€ TIVSCH IS THE SC:* TIME AF Tni RsDAR
EUB R TI+SChakmBDE(1,5) #3600,
: WFS 1S TWE PANGE GATE SI2F
noy1s WFSsPC(19)
on1e IRaNgO
yot? nA 20 11, FEC
¢o L8 1RENETZAY 41
ne19 IF (IRA%,GT,302) GA TF 30
0n2o Az THE(])eFLAY(])eALPG(RANCIFAY))
6021 15 IF (AGT, THE(I)) GA 1A 20
vore IVETvet
L AZAIT(Ty)®A
Lry “B(RPS(I) ¢ (FF(I)=kS(T))sReN(TEANG]))/RES
n62s KAIT(IV)EB(Ke:,5)eWES
0026 ELAUTCIVISELS(T)e(FLE(T)=ELS(I))I#RANCIRANSGD)
cnetr THUTCIV)IBTIMZRGTI“SChusa/TwAPT :
120 OLALT(1V)BR¥AXsSTH(TIUT(TV)#BFACOPHASE (1))
€n29 PTHUT(TV)SPHMAXSSIN(TAUT(IV)#PFACePHASF(2))
“u3n SPUT(Iv)Ed3, 3%
n931 THaANSIEANGT
0% 1F (TR&NL,GT,302) GA T8 30
Loll AgleFL*(1)sALRG(RAN(TIRAN))
Rozs GA TF 18
DUR LY 26 CONTINUE
Lote 6 RETURK
c
c INITTALIZATIAY
c
cry? FNTRY VOINTT
]
it
L
“‘ .
e
A e
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7 QUALTTY PRACTICABLE ‘

IS BES
DRIS PAGH HED TODDC

FROM COFY FURNIS

LEAD & ,1SET, NEpN
Fapval(218)

TSET IS T=F INITTALTZATINN NUMREP AF THF RANPAM v “KER RFHERATAR
MREG 1S ThF NUMRFR %F ¢ UTTF2 RPFGIANS

PRINT SS,I8ET,' G¢f

FREVET (1M, VARTARLE CLUTTFR ',21R)
JF (*REGL,ET,C) GF TP Qg

1F (NPFG,GT,5) "RERES

Nt S Is1,%RPEG ‘
FEAD S1,FENCT),RS(T),RF(T),THE(T),THF(T),ELS(T),ELF(]) |
FAEMAY (7FR, 2)

Fhn IS THE AVEPAGF NU“BER 9F CLUTTER PATINT PER REGTAN

FS 18 THE IAITIAL FANGE AF TwE CLUTTES LPEA

FF IS THF Fl%NAL RANGE 9F THE CLUTTER AFRES

THS IS TrE THTTTIAL AZIMUTH OF TWHE CLLTTER AREM

TWF 1S IrE FINMAL M2]1%UTe PF THE CLUTTEF AREA i
ELS TS THE TANITIAL ELEVATIAN AF TWE CLUTTEE AREA

FLF IS TwE FI%AL ELFVATION AF THE CLUTTEF AREAQ

l
FRINT S6,FN(T1),PSIT),RF(I), THS (1), THF (1), ELS(I),ELF(T) !
FAEwAT (25%,7F9,%) :
PS(1)BRS(T1)/6,0R(2 1
RF(1)8RF(1)/6,2A02

THS(1)eTHS () /RADT AN |
THE(T)STHF (1) /9A0TAN J
ELS(T)SELS(T)/RADT AN ‘
FLE(T)SFLF(T)/RANT AN |
CANTINE

F9 10 JT81,VREG |
ILAN(!\.(YﬂF(]).YnS(‘)),;h(t)

PETURY

END
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Appendix D~

PROGRAM LISTINGS OF ROUTINES COMMON TO

SS

Se

6n

36
65

BOTH VERSIONS OF SURDET

FUNCTIFr HEAM(PLPHA,HRETL,GAYYA,XFY])

CAMMAL SSCAM NEXT ,NUMTET, T, NT,ENFTIM ,SMADE(30,20)
sPL,PIAVRZ ,TufD],RANTAN,TAII(30),NSTAR, DAl (311)
dXYZT(20,0), Y2 (20,4),TR6GPAS(20,7),S1GIa (20

P SIGTAR(20,3) ,FHV(20),STGMAN, ISTT,TEVP K
s SHIP(Q),FC(30),A™8NE(3Nn,12),I47DFE€30,2)

CrvmSri/l ) PRES ,HAFK , THETSX ,DRNDAW" , THI, THY ,GMN

THETAZE ,TASALPHA/RETA

TF(GAv A FR, 1, 80N KEY Y EQ,1) GA TF 4n

IF (THFETA,GT,1,0Eep) Gy TP 20

ST%~C=s\ ¢t

GA T 30

STNC & (SIN(THETA)/THETA) 2

SINC2AMAY] (DENAWN,SINC)

TF(ASS(THETA) AT ,3,14189)STHCEORNARN

GA TN 3p ‘

CONTINIE

THETRx g 2,#PRQE

KSFK & ,2Se(THETRK4SJIRT(THFTRK«THETRK43 1¢RC(S)*2C(5)))

IF(PRRSes| PHA (T HAEK) GN TA §N

IF(ARSITHETA) GT 1 Fepb) GN Tr S5

SI%C = 1,

Ge TA 39

SIMC = (SIN(THETA)/THETA) 8w

GA T~ 30

CALTILIIE

TE(PAAS<ALOMA LT, RUANE(NEXT,2)) 8 TR 40

SI%C s NPOAmnY

[ L T

CANTINIE

THETL 2 2,7R3¢(HMFRePERS) /EETA

SING = (SIN(THETA)/THETASSIN(HAFK)/STIN(PARS=ALPHA))#s2

HFaM 3 STNC

[N & (3

QETI5";

Fun

[ R VI
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SHRBAUTINE CLYSTG ((FRE,YHEAI,X4NG,S16G2,PALRZ)
ChumArifa/ S160H(T,6,5),8169V(7,8,5),XPAR(Y,T7)

NImELSI

DYHENS T

NI~Er.STAN

ILIY(2,6,5), INDEX(3,2),K50X(3)
HAGTIS(7,6,2),VRGIS(T,6,2)
PA (3)

EliIvaLerCF (VAGIS,SIGAV(1,1,4))
EGUIVALENCE (HARTS,SIGOH(1,1,4))

NATA NIEDALGE,SLRPAL ,ALDARK ,ALPFFE / 4sn,0 /
NaYTA %X / T,e,57

DATA XPAF /7 S00,,1,,1,,1250,4,2.0¢3.03000,,3,,10,,5600,,4,,30,,
000 ,5Se01904917000,,6,,0,035000,,0,,0,7/

DOTA SIGamy

100, ,e100,,e90,,=R7,,=84,,=Ru,,=54,,

94, ,e9U,,=R88,,°78,,272,,°72,,°72.,
98, ,=00,,275,,°68,,2h3,,=63,,63,,
90, =R, 2b0,,°62,955,,°55,,-55.,
©75,,275,,°58,,°55,,-44,,=4u48,,<U8,,
*68 4,265,253, 9°UR,,042,,=42,,-42,,
e, ,200 , ,08G,,°79,,074,,°74,,=74,,
oAU, oRhU,y2Tp,02T72,,°bF,,=6R,,=b6R,,
37,078, ,206,0°01,,°57,,°57,,-57,,
®7249°72,4°50,,250,,°46,,°Ub,,=46,,
“67,,°67,,°48,,°04,,°42,,=39,,=39,,
©62,,°h2, 94U, ,=41,,39,,-39,,-39,,
©Bb, 28U, 92T Y0270 ,,°66,,=6b,,°66,,
AU, ,e73,,268,,=56,,249,,e43,,41,,
oh), ,008,,°85, ,248,,004,,°un,,=39,,
TP, soh2,,%4n, 0Ll ,ed0,,=7,,35,,
*67,,°58,,°023,,°39,,=34,,°34,,=32,,
©65,0°53,4°Un,y*35,,233,,°31,,30,/

NATA WEGIS/

®1S.9272,0=6R,,°63,,°58,,-55,,-53,,
*7740°66,9°89,,°50,,°U8,,=45,,°43,,
cbb, o1 )83, ,°UdR,,2U2,,241,,=00,,
*n],1oSR, youbh,,°02,,°39,,=37,,-37,,
*Chey®S50,0=ul,,=3R,,=15,,-35,,-35,,
‘s;tl'“eal'3‘.l.;uol.3ao"3'.'.31.'
*60,,200,9266,:°57,,°56,,°48,,=u5,,

5P, ,*5R,,269,5,=53,,=51,,°42,,°34,,

®58,,°55, 9281 ,,=4k,,°43,,=35,,=33,,
®SUgyelb, youb,y=ul,,=37,,=33,,=31,,

edd,,elS,,=38,5,-17,,=33,,31,,=29,,

*UT,y=83,9236,,°3%,,°31,,°29,,°27,/

TATA SIGOVY

0, 0% , =8, =AY, ,=B0,,=R,,=R0,,
®91 .49 ,,=AG,,=T74,,=b65,,45,,65,,
®00 g @R T 4273, ,°60,,25h,,°56,,56,,
eRG ,, 079, ,265,,256,,51,,°51,,51,,
©72,5s27?,,°55.,253,,94R,,=48,,4R,,
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Lnid
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0017
Vn18
0019
6020
on21
on22
nues
J024
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onegy
LFL
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©63,0°63,,°50,,)°86,,%44,,=44,,=44,,
oh0, 080, ,27),0269,)=b0U,,=64,,=b4,,
©T6,0°76,,°62,0°60,,=58,,25R,,58,,
©80,,°71,,=59,,°55,,=52,,=%2,,=52.,
=6t , 1206, )56, ,=08, =45, ,=U5,,-45,,
=61 ,,°51,,254,,=06,,=43,,-39,,-39,,
©57,¢°57,,°S0,,)°84,,239,,239,,-39,,
®75,0°0R , y 26U, 1=62,,=00,,%b6N,,=00,,
©70,91265,9°560¢°53,,=50,,=47,,e40,,
*03,,=5°,,5%,,°47,,-04,,42,,=34,,
eSR,y=Su,,=Un,,=43,,=-%9,,-37,,-34,,
®55,9=45,,43,,=39,,-37,,-34,,-32,,
82,9 =U83,,°3R,,=35,9=33,,=32,,°31,/

DATA VAGTS/

- s B s s o s s - s e

®bS,9%64,9)24U8,,=60,,°56,,°52,,-48,,
®6N,y»53,,°62,,249,,=45,,=43,,=41,,
©55,9=53,92U9,,°45,,=041,,=39,,=37,,
=43,,°U43,)24%,,°40,,=38,,=36,,=34,,
®38,9=3R,,)=38,,236,,=35,,=3%,,°31,.,
e3A, o34 ,,035,,=33,,=31,,=3],,20,,
®US,,=85,9°47,,4R,,=49,,45,,=44,,
wld(,p2d0,)282,0U4,,°02,,=40,,=38,,
®35,0°37,)=3R,,239,,236,,=34,,-33,,
*34,p°30,,234,,=34,,°32,,-32,,=31,,
©30,s= p=31,9=32,,231,,=29,,=29,,
©25,s228, .m0, ,028,,°2h,,22b,,°25,/

DATA ILIM / 2,502:5010501:%502+502+5,
?nS.Z,S;',S'?lsoZUQ.zlel

10700, 7,1,7,,7,107,1,7,

.

» 1056107500741, 7,1,7,1,7,
*

-

207020704070, 70247,0,7/

IF(XFRE ,EQ,ALDFRE ,AND  XBEAL EQ,ALDRAN ANP PALRZ EQ, L LPAL,

SAND  (YANGe*  DANG) ,LE,0,01) GY TO &S

ANG &8 PHLNZ#3 14159265 /1Rn,

PAR(1) = AMAX1(S0N0,,AMTN] (XFRE,35000,))
PAR(2) ® AMAXI(1,,AMIN|(XBEAU,b,))
PAR(Y) 3 AMAXI(1,,AMINYI(10,4XANG,100,))
cr 107 31,3

NG o8 NPX(T)

Ny 30 ¥ & 1,N0

TF(PAR(I)GT XxPAR(I,k)) GO TF 30
INDEY(T,1) 8 MAXC(Ke],1)

IMPEX(T,2) 8 X

GA TF ©
CAONTINLE

IFCINDEXC],2) ,MEL1) GO TR 10
INLEX(T,2) 8 2

CAPTI%NUE

CHECK FAP HMYEXTSTENT nATA
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CALCUILETE STGMA 2FRA

TECTNORN Y, 1) JBU, INDEX(1,2) ANP INDEX (2,1 ) EG TRDPEX(2,2)
S ARD IPDEX(3,1) EQ,INDEX(Y,2)) GA TA SO

S1G2 = ©
S1GZP = (
N8 un I s 1,2
ne oar ) oz 1,2

NP 4n » g 1,2

171 8 INDEX(1,1)

172 s TNPEXC2,J)

173 = INDEX(3,n)

ITIP & TWNDFX(1,3=1)

IT2P = INDEX(2,3e))

JTIP = [FLEX(3,3eK)

SIGZP = SIGZP ¢ SIGOV(ITI,IT2,I1T3)»

. BRS(XPAR(1,]ITIP)ePAR()) )
. ARS(XPAR(?,1T2P)=PAR(2))+
- ARS(XPAR(X,IT3P)=PAR(3))
SIRZ ® SIGZ¢ STGOM(ITY,IT2,1T3)#
* ARS(XPAR(Y,IT1P)=PAR(1)) s
. ARS(XPAR(2,1T2P)=PaR(2))*
* ABS(XPAR(3,IT3IP)=PAR(3))
SIGN = 9,

nn Bv I=1,3

ITY = THREX(1,1)

172 & INPEX(],2)
IF(YPAR(T,T1T1) ,EAN XPAR(I,ITR2)) GM T A0
SIGN 2 STIGN&(XPAR(I,IT2)eXPAR(],TT1))
CARTINUE

SIGZ s SIGZ/SIGN

SIG2P = SIGZP/SIGM

G TY &0

CAYTINUF

171 = INDEXCY,1)

172 = INCFX(2,1)

TTY = INCEX(3,1)

SIGZ = SIGUHITITY,172,113)

STGRZP = SIGOV(IT1,IT2,173)

CANTINIE

SIr72P 3 1,29 (SIGZP/10,)

STGZ = 10,49(S1G2/710,)

SIGZ = SNRT((STGZ+CAS(ANR))ew2 ¢ (SIGZP#SIN(ANG))#s2)
S NhAMGRYANG

S DPALEPALRY?

ALRASWEXKEAL

ALPFRFSXFRF

RETUEN

FND
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su0t
N0

anny

aa0g
09nS
LD
aoo?
1INA
DR L
910
nntt

0o12
001y
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— DAVIS AND TRUNK

SURRAUTINE EYVIHN

CAVMAN NSCAN,NEXT  NUMTGT, T,ALNT,FNNTIM ,SMADE (31,20)
JPTPIAVRY ,Tafp],RADTAN,TAL(CYN) ,NSTAR, Dl (31
e¥YZT(20,4),%Y2F(20,4),TRGPAS(20,7),S1GJA" (21)

¢STICTAR(20,3) ,FHV(20),SIG AN, ISHIT,TEUPWR

¢ SHIP(9),RC(39),RMANEL30,12),IMNDE(30,2)

CAMMAN/R/ ENVIR(10),SURC(30),RF ,CN*,CCH,aCAN,RETH,
NATP(20) ,POLRZ, TKEYF , XKTANS  XxHMTAu, TARCS,“V( ,FRPICAR,FP TSN

COAMMAN/H/FACY , AMAN, X JAUN, TKEYJG, XXX XX

PFEAD SC,(ENVIRCI) ,Im1,4)

FARMAT (UFR,2)

PRINT &0C, (FNVIR(TI),Imy,4)

FARMAT(/,"' 4 ENVIRAMENTAL PARAYETFRS ARE f,4FR,2)

FACusY,

ENVIR(2) s ENVIR(2)/6,0802

STIGUAN 8 00066667 4(XKTAMSAENVIR())) 9028 (XNMTOMeENVIQ(2)/10,)

ae(e,19364)
RFTUEN
Enn

188
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FROM COrY FURNISHED TO DDC _—

one g SURRAUTINE GATM(TKEY,JTAQ,[TAR,GAINR)Y
C
h ¢ JTAR 3 TARGET UNDER ODETECTIAN
C ITAR & TARGET FAR wWICw FIELD STHEMNGTH RATIN IS TA RF PFTERMINFD
c
0nn2 CAMMAN NSCANGNEXYT NUMTGT, T, LNT,ENNTI~ ,8MaNE (30,20)
Y WPT,PIAVRY ,TwART,RANTAN,TAU(YA),PSTAR,NW( (30)
2 sAYZI(20,4),XY2E(20,4),THCPAS(20,7),81GJA"(20)
3 oSIGTAR(2N,3) ,FHV(20),8T1GMANH, ISKIT,TEFPAR
4 »SHIP(9),PC(IU) ,RMANE(31,12),1%ADE(30,2)
0ony CaMuAt /By ENVIF(10),SURC(IC),RE,CNM,CC~,0CAN,RETA,
. NATR(20),PALRL, IKEYF , XKTAKS X2 MTA%, TARCS ,nvl ,FAPINE,FAPISN
nona CAMMAN/L/ SRTAF,STHPST,CASPST
008 CAMMMI/T/ PARS, HAFK , THETAK ,NPCANL , THK, THV,GN
0nee IF(IXFY EB 1) GO TP 10
0on? GATNP = SORT(FHEV(1TAR))
VOnA HETUFN
0nhe9 10 CANTIHUE
GN10 Poh & SHLANG(TFGPAS(JTAR,S)=THGPAS(ITAK,S))
Hoy1 ALFYV B (2,*SRTARASINPSTaCPSPSI/(TRGPAS(ITAR,U)XNMTAN))
uny2 TFCALEV,LE 1,)GN T8 30
acty JF(ALFV LE 1 ,011GN 19 40
noty an ALFVs1,
w918 31 CANTINUE
not1e ALFV 3 WRSIN(ALFV)
017 ALFV 8 TRGPAS(ITAR,6)=ALFV
nata AV 3 SMLAMG(TRGPAS(JTAR,b)=8LFV)
0019 IF(RC(?),EN,),) PAV 8 (PRRSeALFV)
nnzn IF(PC(2) ,EQ, 1, Y GA TH 20
! TE(AAH LEL (1, 130RC(4)) AND AAV LE,(1,13+RC(5))) G Tr 20
0022 GAINR ® RC(T)
1923 RETURN
002e¢ 20 FH & RFAM(AAM,RC(4),RC(2),()
928 Fv s REAM(MAY,RCI(S),9C(2).1)
(Surd ] GATHR 8 FHeFV
9027 GAINE 8 AMAXT(FC(T),SQORT(GATAR))
ny2A RETURN
nng9 ENE

.
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THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TODDC i s

0001 SUBRAUTINE JAM(JTAR,EJ,EC)

0002 CAMMAN NSCAN,NEXT,NUMTGT,T,0LDY,ENDTIM ,8MODE(30,20)
1 oPL1,PIOVR2 ,TWOPI,RADTIAN,TAUC30),D8TAR,DWL(30)
2 o XYZI(20,4),XY2r(20,4),TRGPOS(20,7),81654A%(20)
3 ¢SIGTARC20,3),FHV(20),8IGMAN,I8HIT,TEMPUR
4 oSHIP(9),RC(30) ,RMODE(30,12),IMONE(30,2)

0003 COMMAN/R/ ENVIR(10),8UnC(30),RE,CNM,CCH,ACON,BETA,
" NOTP(20),POLRE, IKEYF XN TOMS , XNMTAM, TARCS, WVL ,FOP 08 ,FAF]S8Q

0004 COMMON/D/ ALPHAD,81GZ,v,AR1,4R2,81GC,816

00098 COMMAN/H/FACE, AMBN , XJAMAN, IKEYJG XXXXX

0006 COMMON/T/ PBBS,HAFK, THETBK,DBDOWN, THH, THV ,GN

0007 COMMAN/TS/18TAT(20),TSCAN(20,30)

nooR €Js0,0

0009 FACTORE WVL#WVL/FOPISQaRC(6)2RC(B)#RMIDE (NEXT,8)

0010 HR 8 SHIP(3)aXNMTAM

0011 HT 8 TRGPOS(JTAR,3)#XNMTAM

o2 SL s DBDOWNADBDOWN

vo1s AGAIN =

0014 THETS & RC(S)

001S PHIB ® RC(4)

onte DA 20 Jsi,NUMTGTY
CHECK 1IF TARGET ACTIVE

0017 IFC(ISTAT(J) (NE, 1) GA TH 20

0018 PJeS1GJAM(J)

0019 SR ® TRGPOS(J,d)eXNMTOM

0020 IFC(PILEL(0,) AND,J EQ,JTAR) ,OR B8R, LE,(0,)) GO TE 20

0021 OAHSSMLANG(TRGPOS(JTAR,S)=TRGPAS(J,S))

0022 OAVESMLANG(TRGPAS(JTAR,6)=TRGPOS(J,6))

0023 IF(RC(2),E0,1,) CAV & (PRBS=TRGPOS(J,6))

0026 IF(RC(2),EQ,1,) GO T8 40

002S IF (OAHLE (1, 13aRC(U) ), AND MAV LE,(1,134RC(S))) GO 1O 10

0026 FHY (J)SDBDOWN

0027 GO0 1M 1S

0028 10 FH 8 BEAM(OAH,RC(4),RC(2),0)

0029 FV 8 BEAM(AAY,RC(S),RC(2),1)

0030 FHV(J)aFHaFY

0031 IP(RC(2) LEQ, 1,0 AND, TRGPAS(J,6) LY, RMADE(NEXT,2) ,AND, FH
* ,GT, DBDOWN) GO TO 1S

0032 FHY(J)RAMAX ] (DBDAWN,FHY(J))

0033 1S XJAMFA 8 FACTORePInFHY(J)/7(SRaS8R)

0034 CALL MULPTH(JTAR,J,FAC)

003S XJAMFA & XJAMFAsFAC#FAC

0036 EJ 8 EJ ¢ XJAMPA

0037 XJAMN @ EJ

nO3A 20 COMTINUE
CALCULATE THE EFFECT OF CLUTTER

0039 €EC = 0,

0040 25 SR 8 TRGPOS(JTAR,U)ANMTOMN

nnui IF(ENVIR(1),LT,N) GO T4 30

nou2 DC & (1,oMR/(2,9PE))*8NRT(SR28R o HRAWR)
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NRL REPORT 8228

THIS PACE IS BEST QUALITY PRACTICABLE

1F(DCLGE,DSTARRXNMTAN) GA TA 30 pooy FURNISHED TODDC
SINALF 8 HR/SR «8R/(2,4RE) o
TF(SINALF,LT,0) GO TA 30

ALPHA 8 ARSIN(STINALF)

ALPHAD & ALPHARRIDIAN .

TEFP 8 ENVIR(1)aXKTOMSa(7,5/(ENVIR(2)OXNNTAM) )00, 006R2
BEAUS 8 ACANA(TEMP/XKRTAMS)«eRETA
XFRESRC (1) ¢DWL (NFXT)

Call CLTSIG (XFRE,REAUS,ALPMAD,S81G2,POLRY)
V 8 TAUCNEXT)ACNM/ (2, 4CAS(ALPHA))RXNMTAN
THETT sARSIN((HTeHR)/8R = SR/ (2,¢RE))
IF(RC(2),EN,1,) THETT g PRRSeDSTARSANMTAM/RE
SMTE 8 «STIN(THETB/2,¢TRETT)

SPTR = SIN(THETR/2,=THETT)

RAPM2 8 BMTBaSMTReQ AHR/RE

RADP2 8 SPTASPTR=2 , *HR/RE

IF(RADMR LT ,0) GO TO 2¢

RMTA 8 2, #HR/(SHTReSQRT(RADM2))

Gh TH 27

RvTR 8 | ,Ee3S

IF(RADP2,LT,0) GA T8 22

RPTR 2 2,*HR/(SPTRsBQRY(RAPP2)Y)
1F(RPTB,LT,0) RPTR s 1 E+3S

GA T8 29

RPTR g 1 ,Ee3S

CONTINUE

RY 8 AMINYI(SR,OSTARRXNMTOM)

R2 & AMINI(SReV,DSTARYNMTOM)
IF(RMTR LT ,0) PUTA g 1 E438

§t & AMAXQ (R} ,NPTA)

82 = AMIN1I(R2,PHTB)

WS 8 ,SePHIB #(1,/(81081)e1,/(82082))

WH 8 PIn(1,/(RieRTi)e],/(R2#R2)Y

w8 8 AMAX1(0,0,n8)

ARy = wR

AR2 & +§

C & TEMPWReSRe#d+SIGZ/TARCS

86 s C

SIGC ® Co((AGAINeSL) awgsSLAWR)aSURC (NEXT)
EC = SIGC

CANTINUE

RETURN

END

191




THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COFY FURNISHED TO DbC i

000y
0002

0003
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nons

nooe
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2014
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DAVIS AND TRUNK

SURRHUTTNE MATCH
CAMMAL NSCANGMEXT ,MUMTGT,T,0LOT,ENDTTM ,SMADE(30,20)
P1,PIAVR2 ,TwAPT,RADTAN,TAL(SIN),NSTAR,DWL (30)
P XYZT1(20,4),XYZF(20,4),TRGPLS(20,7),81GJA%(20)
SIGTAR(20,3),FHV(20),81GAH, ISWIT,TEMPUR
¢SHIP(9),RC(30),PMONE(30,12),1IMRANE(30,2)

CAMMAN/A/ ENVIR(10),SURC(30),RE,CNM,CCH,ACAN,RETA,

. OPTP(20),PALRZ, IKEYF , XKTOMS , XNMTAM, TARCS,nVL ,FOPIOR,FAP1S80
COMMAN/C/A(3),R(20,3),AMAG2(20)
CAMMAN/TH/NTARG,'"JAV,SPEEN (20) ,HEADI(20),HEADF(20),THANT(20),

1 THANF (20)  XMgNT(20,3),XMaNF(20,3),6TURN(20),TURN(20]),

2 CM(20,2) ) RADM(20) , ITYPE(20),ALT(20,S),TALT(20,5),NALT(20)
COMMAN/TS/ISTAT(20),TSCANC20,30)

C -

MATCH SCANTIME VALUES wITH TIMES EACH TARGET COMES wlTHIN SCAPE
LIMITS

TSCAN(J,T) IS TIME MODE I FIRST SCANS TARGEY J AFTER TARGET J WAS
CAME WITHIN RADAR INSTRUVENTED RANGE

T™ax s 1,638

DY 06 J 8 | ,NTAKG

INITIALJZE IST4T VECTAR

I1STAT 8 C TARGET NOT ACTIVATED
STAT 8 | TARGET ACTIVE
ISTAT(J) 8 0

NA 10 X=1,3
A(K)BXYZT(J,K)=8HIP(K)

CANTINUVE
AMAG2BA(1)#A(1)4A(2)2A(2)4A(3)2A(Y)
IF (1TYPELJ) ,Eu, 2) Go 78 28

NA MANEUVER

R(J, 1) 8 XYIF(J,1) = XYZI(J,1)

B(J,?) 8 XY2F(J,2) e XY21(J,2)

TEMP 8 XYIF(J,3)

IF (ITYPE(J) LEQG, 0) GA THA e

TEMP & ALT(J,2)

B(J,3) 8 TEMP e XYZ21(J,3)

BVAG2(J) 3 R(J,1)¢8(Js1) ¢ B(J,2)2R(J,2) ¢ B(J,3)eR(J,3)
GO 10 22

MANEIVER

B(J,1) 3 CAS(HEALTI(J))

B(J,2) 8 SIN(HFANT(J))

AMAGR2(J) 8 B(J,1)aR(Jp1) ¢ B(J,2)*6(J,2)

”(J'!) L 0.

ADATR 8 A(1)*H(J, 1) ¢ A(2)#8(J,2) ¢ A(3)#R(J, D)

ADATRIgANATRAANATA ’
« g JTYPE(J) ¢
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THIS PAGE IS BEST QUALITY PRACTICABLE

NRL REPORT 8228 pov COFY FURNISHED TO DDC %
nnyy IF(x NE, 2) GM TA 27
c STARE CRITICAL VALUES AR TARGET TYPE J T4 REINITTIATE NEY “ADE
903y XAR s ADATHR
nogR XAR2 3 ADATRD
¢niy XAMARD & HMAGR(J)
N34 X4MAG2 & AMAGY
Hn3s I.LFG = 1|
C
103¢ 27 NN RH T 8 1,4SCAN
wovy 29 T18CAN(T,1) = RMADE(T,6) ¢ XYZ1(J,4)
NOIN R22RMPLE(I,7)eRPMANE(L,7)
Wn\9 NISC 8 ADPTR2 o AMAGR(J)*(AMAG2 = R2)
0940 GA TR (30,40,85), «
noat 39 TF(DISC ,GE, N,0) GN YA &0
c
c TARGFT NEVER nlTHIM RANGE
0une 38 TSCaAN(J,1) & T™MAx
cods GA 1™ A
c
4 ALTITUDE LFGS
nnue an JF(LEG ,FG, 1) G* TO
c RESET VALUFS FAR INITIAL LEG
naus ANSTR 8 yAR
Nun ANRTRY g XAR?
a4 A¥AG2(J) ® XHMAGRY
COun AMAGD 8 XAMAGD
noue LFG 8 1
auso 42 IF (DISC LY, 0,0) GO v~ uS
nosy TE¥1 8 TALT(J,LER
nos2 TEv2 8 TALT(J,LEGe))
nnsgy TER™ ¢ SLAT(DISC)
TGAY ) UMINUS 8 o) ,0a(ADRTR o TER™)/R¥AGR2(J)
008§ HUPLUS & (TER~ o ADATH) BMAG2())
FULY AMINISRAMAXY (UMINUS,U,0)
nnsy “PLUSSARING (UPLUS,1,0)
GOSA 1F (w™InUS ,GT, wPLUS) G™ 18 4SS
t"89 NSCAY 8 TEMT o wPINUSE(TFM2 = TEVY)
o TFC(sStaAn ,GE, TEVY1) _ann, (XSCAN LF, TFM2)) GO T~ 7§
c
¢ TARGFY NEVER wITHIN RANGF AN THIS LEC o (86K AT AEXT (FG
unet us (FG ® (Flet
nre2 18 (LFG ,GF, NALY(J)) g6 TR 3S
unel HET,3) 8 ALT(J,LFEGeY1) o ALT(J,LEGR)
LT Y™ NY 8 (YALV(JoLEG)enYZT(J,4)) /7 (RYZF(J,u)exYZI(J,4))
VORS AC1) & YYZD(J,1) ¢ OTequY2F(J,1) = AY21(J,1)) = SHIP(1)
LY Ar2) ® XY21(J,2) ¢ DTe(uv2B(J,2) = XYZI(Js2)) = SHIP(2)
DLCY 4 AC3) 8 ALT(J)LFGR) = SHIP(Y)
Y] AMAG2BAf1)eB (1) en(2)0a(2)0a(Y)0d(S)
Y HMAG2(J) 8 R(Jp1)0PLI, 1) & A(J,2)0F(J,2) ¢ A(J,3)2R(J,3)
nnyo ADATE B A01)CR(J,1) ¢ a(2)eB(J,2) ¢ (V)R (J, )
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FROM COPY FURNLISHED T0 DDC £

noTy
nav2
1073

nntTde
nn7s§
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0077y
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0100
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92
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DAVIS AND TRUNK

ANARTR28ANOTRsANATR
RISC 8 ADPTR2 « RMAG2(JI*(AMAGY = R2)
AN oTA W

MANELIVER
TEMY 8 THANT()
IF(DTISC ,GF, n,0) GN VA &S

TARGET NAT wITHTN RANGE PRIAR TA MaNFUVER
DEFAULT TA BEGINNING OF MAMEUVER

xSCAN ® THANT(J)

Gr TA 78

TEMY) 8 XY2F(J,4)

TFRVESGRT(DISC)
UMINISE=) ;02 (ADATRGTERM) VRMAG2(J)
UPLUSS(TERMeADATR) /RMAG2R(J)
WMINLSSAMAX ] (UMINUS,0,0)

WRLUSSAMING (UPLUS,1,0)

IF(WMINUS ,GT, wPLUS) GO TR (35,35,58), ~
XSCaN 8 XYZT(Jsd) ¢ AMINUSE(TEX] e XYZ2I(J,4))
IF (TSCAM(J,1) .GE, XScAN) GP T8 Ap

XN 8 AINT((XSCAN = TSCAN(J,T))/R“ACE(T,S))
TSCA%(J,1) & TSCAN(Jsl) ¢ XNeR“IDE(],S)
IF(XSCAN LEQ, TSCAM(J,1)) GN TE AN
TSCAN(JI,1) & TSCAN(I 1) ¢ RNADE(],S)
CANTINUF

CANTINUE

NETERMINE EARLIEST TIME EACH “ADF SEES A TARGET
0N 9S [ = f,NSCéN

TMIN 8 TrAX

NN 92 J & 1,4TARG

TSCAM(J,T1) & TSCAN(J)1) = RMPDE(T,S)#*1,1
IF(TSCAN(J,T) ,GF, THMIN) GO TO Q2

TMIN = TSCANCJ,T)

CANTINUE

RMANF(1,9) 8 THIN

CANTINIE

RETURN

FMan
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NRL REPORT 8228

THTS PAGE IS BEST QUAL1TY PRACTICABLE
SURRAUTINE MULPTHCJTAR,1TA®,Far)  FROM COFY FURNISHED TO DDC

JTAQ » TARGET UNPER OFTECTIN*  (OIRECTINN OF RanaR)
1710 u TARGET £08 WKICW PATTERN PRAPAGATION FACTAR IS REING CALC

CAMMAL NSCAN NEXT ,HUMTRT,,ToALDT,ENPTI™ ,SMADF(30,20)
WPL,PIOVRY ,TwAP] ,RADIAY ,TRU(30),NSTAR,DWL(3N)
WXYZI(20,0) ,XYTF(20,4),TRGPAS(20,7),81GJAM(2¢0)

oSIGTAR(20,3),FHV(20),SIGHAK,ISKIT,TEMPrR
¢SHIP(9),RC(30),RMENE(30,12),1%ANE(30,2)

CAMMAN/R/ ENVIR(10),SURC(30),RE,CNM,CC¥,ACN",RETS,

. DATR(20),PALRL, (KEYF , XKTOMS , XNMTAV, TARCS ,wVL ,FEPICA, FAPISH

CAMMAN/F/ MR, HT
COMMAN/G/SRTAR,STINPS],cASPST
CAMPIFX CI,CTEMY,CP,CA,CUY,C12,CTEMW,CGAVY,CHANN
. CGAM

FAC s 1,

TF(FNYIRCYY LEd, 6,) RETUPN

CHECK FAR NEw SCA* MIDE

TF(ISAIT FN,1) GY TA §

FADAR HANE DEPENPELT CALCULATIANS
YNZEPH = 1,000313

WA @ SHIP(3)aXNMTAN

Rok 3 HE/RF

(Ml &8 HRa(] ,=RPAR)

XKPAR g 2,#PT/nvVL
YFOFRRC (1) eDw| (NEXT)

IF(XFwt ,GT,1500,) GN TA &

FPS1 s RO,

SIGY = 4,3

Ge th R

1F (XFRF ,GT,3900,) GO T 7

FPSY) 8 RO, e ,NCT33e(RFRF=1500,)
STCY 2 4, 3¢D0,NNDY1UR(XFRFe1500,)

LA I~ A

EPS1 8 A9=0,00"ST1Us(XFRFe3199,)
SICY = 6,52¢40,0013148(xFRE=3000,)
CANTIMIIE

Cl = (0,0,1,)

FTEMY 3 CMPLX(EPSY, =00 ¢4V *§1n1)
AKZFRY & XXPARSXNZERY

M 2 (2, #XKIERNaAXKZFRA/RE)en(w] ,/3,)
XL 8 2,0(U oXKIFPPR/(REQRE) ) #n(=],/3,)
21 shw/H

CF 8 ClaxrZERACCSART(CTF™Yel Yo (CAS(PALRZ/LANTAN)

. ¢ SIN(PRLRZ/RADIAN)/ZCTEMY)

Co 3 2,3381aCFAP(CT02,4P1/3,) ¢ 1,/(HeCP)
xI~Ca = ATHMAG(CA)
CALL UFCZY,CA,CUY)

C N -
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THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COrY FURN1SHED TO DDC DAVIS AND TRUNK
cal? ISwHIT 8 1
2038 S CANTINUE
LR Y] TKFY 8 =}
90460 GRRT 8 TRGPOSC(ITAR,7)axH1TOM
anuy 20 CANTINUE
1042 HY & TRGPAS(ITAR,3)axNMTOM
LTS ) HSUN & NReRT
ey RAY 3 HT/RE
004S CHY & HTe(] ,=RAT)
njde TEMP ® SART(4,/3,+(RE#(CHR4CHT)SGRRTAGRAT/4,))
LEY TEMPH] SARCAS(2,¢FFaGRRT#4RS (CHReCHT)/(TEMPRTEMPTEMP))
COuR GRRAD 8 GRAT/2 ,¢SIGN(T, ,CHReCHT ) e TEMPACAS((TEMPHI4PTYI/3,)
0n049 GRTAR = GRRTeGRRAN
0Nsn SRAAD 8 SORT (HRaMKe(1,+RAR)*GRRANAGIRAN)
nost SRTAR 8 SARTI(HTeMTe(1,4RATIGRTARKGRTAR)
n082 TANPS] s CHR/GPRAN « GRRAD/(2,%RE)
G0sy IF(TANPSILELO0) GO TO 40
008& CASPST = GRRAN/SRRAD#*(1,+RAR)
108§ SINPS] & GRRAN/SRKAN® (TANPSI+HR/GRRANARAR)
LDLY ) S0 CANTINYE
nos?y RREF &8 SRRANGSRTAR
NOSAK PRREF & SRRAD«SRTAR
nns9 TF“w 8 2 ,#PRREF/RAREF
080 DISP & SORT((1,=HSUM/RE)*RREF/GRRT
* #CASPST/ (1 ,4TEMA/ (RFASTINPSTY))
neet TE“R B (2,#SINPST/RREF )2 «24PPREF
Va2 PTHDTIF 3 RREFATEMG/(],+4SGRT(1,=TEVG))
nnel IFCIMEY EN,1) GA TA 30
LY ) IF(PTHNIF ,GE ,wvL/4,) GN TA 30
1069 IXKEY ® 1
0166 CRITR & GRART
LIS XNAT 8 CRITR/XL
VO6A SINPST 8 2 ,0aVL /U AHSUNZ (WYL /A AWV /U, 44  AHRAHT)
n0e9 CALL RNGCEN(WVL/4,,GRRAD,GRTAR,SRRAD,SRTAR,SINPS])
anre CRITR 8 GRRADWGRTAR
0071 GRRT & GRRANSGRTAR
0nr2 CASPSI 3 SART(1,=SINPST«SINPSIT)
on?y XNATY = CRITR/XL
0074 GA T~ So
(URA] 30 CANTINUE
neTe CTEMw & CSQRT(CTEMY=COSPSTCPSPST)
nory CGAMYV & (CTEMYCSTNPSLacTEMW)/(CTEMYCSINPSTIGCTEMA)
GnTA CGaMH & (SINPSLeCTEVY) /(SIVPST«CTEMN)
0079 ChAM 8 «SACLAR((CGAVMYCAS(PALRZ/RANTAN) ) w w2
. ¢(CGAMVESTV(PILRZ/RADTAN) ) #e2)
JUAR0 CRAMISATMAG(CGAM)
QLY IF ( CGAMT 6T, 0,0 ) gATA S)
whe2 COAMBCMPLX( REAL(CGAM), S, 14therGAMT)
rORY S1 CGAMCExP( CGAM ) 4
rnagy RHIREF 8 CARS(CGA")
§
4
g
v ol
196 ‘ ,,,t.




ol THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COFY FURNISHED T0 DDC

N8 PHIREF & ATMAG(CLAG(CGAM))
y0Rp TEVYGY! 8 (2,¢XKPARSTGMAMSSTINPST ) an?
GLLYS XMUR 3 EXP(eTE4G1/2,)
00AR Call GaIn(1,JTAR,ITAR,GV)
nYyRQ CALL GATIN(O,JTAR,TTAR,[N)
0090 FACI ® CAAS(1,4GV/GNaRAIREFNTSAXUKACEXP (CTo (aXK2FRYs
PTHNIF=PHIREF)))
6091 IF(IKEY Ed,=1) GA TA 19
009 22 u HT/H
n09y ANAT2 8 2,#(SNRT(2,¢REACHT) ¢ SART(2,4RE«CHR) ) /XL
0094 CALL UFUN(Z2,CA,C112)
7005 FAC2 B 2,480KT(PTaxNAT2) #EXP (=XTMCANXNATR)#CABS(CULOCU2)
LTS CALL IMTER(N,FACT,XNAT|,FAC2,X%AT2,FAC,XNAT)
wo9y RETURN
60QR 10 FAC s FACH
Hne9 RETURM
9100 40 CAMNTINUE
n10y FAC = ) Fe2
9102 RETURN
vIny ENC
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SUFRAUTINE NEWPHS —_—

CURRFNT TI“E T REPAFSENTS TIME AF CURKENT SCAN W]ITh ~EAM AT 2F3A
NEGREES AZIMUTH,

TARGFT PASITINNS ARF FIRST CALCULATED AT TIMF T,

TeE AZTIMUTH NF FACK TARGFT AT TIMF T 1S NETERMINFD (ZFLATIVE 19
2EPA DFGRELS),

A CARRECTED PASTITIAN FAR FACH TAPGFT | IS CALCULATED, wHICH IS
ITS PASITTIAN AT TIME TeNFLTI, wWHFRE DFLTT 1§ THF TIMF 1T TaAxFS
THF RADAR HgaM TA SCanN AZTIYUTH AF TAWGET I,

CAMMAN NSCAN, NEXT  HUTET (ToOLDT,ENNTI™ ,SMADE(30,20)
PI,PTIAVR2 ,TaRp[,RADTAN,TAU(3N),NSTAR, AL (30)
P XYZI(20,4) ,X12F(20,4),TRGPAS(2C,7),S1GJA(20)
s SIGTAR(I0,3) ,FHY (20),8TGMAN, ISWIT, TEMPWR
oSHIP(Q) ,AC(30),RHANE (30,12), I4P0DF (30,2)
CAMMAN/RY, ENVIR(10),8UAC(30),RFCN™,CC™,ACHH,RETA,
* DATP(E0) ,PILRZ, [KEYF (XKTANS, XNMTAM, TARCS, avVL ,FOP AN, FAPTSH
CAMMAN/C/ DEL(3),VEL(20,3),VELMG2(20)
CAMMAN/TY/NTARG M JAM,SPEEN(20) ,~EANT (20) ,HFALF (20),TrANI(2),

EwnNn -

¥ TMANF (20) , AMANT(20,3),X8NF (20,3),6TURN(20),TURPN(2D),

b CM(20,2) ) RA0M(20), ITYPE(20),ALT(20,5),TALT(20,8),MALT(20)
Co¥MAY JNFTY/ NDET3(20,30),MERY(20),PANGED(21,9,39),423(20,9,30),

! SHNETR(20,9,30),TIMES(29),T1KFY(20)

PI~ENSTIAY TAZ(20)
CAYMAN/TS/ISTAT(20),T8CAN(20,30)

SFT FLAG FAR PASTTIAN cALCULATTIAN AT TIME T

IFLAG &

Of Q0 ) 8 1,NUMTCT

J 8 TARGET NUMRER

TT s 7

DETEPINE TARGFT STATUS

ISTAYT 3 0 TARGET INACTIVE

TSTAT = | TARGFT ACTTVE

1STAT(YY) 3 0

IFCETT LT, 2xYZ1(J,4)) AR, (TT _GT, XYZF(J,4))) G* TR QO
18STAT(J) 8 1

CHECH FAP AZIMUTH CARRECTIANS

SCAn RATF TAKEN FPRA¥ RuPOE(]1,5) FIO% ALL “BCES
IF(IFLAG LFA, 2) TT & TT & (TAZ(J)/TwAPT)*R“ANE(],5)

DETERMINE TARGET Tyl
1AB(ITYRF(J) ,FQ, 2) Ga TR 11
NA O MANFIVER
D7 8 (T7 @ XYZ[(J,4))/(uY2F(J,u) = XYZ1(J,4))
Py 718 1,2
TRGPAS(J, 1) 8 XYZI(J,1) ¢ DYa(ayZF(J,1) = «¥21(J,1))

|
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(14
tn2t IF (T1TYPF(J) ,EN, 1) A TA A
nu2Q TRGPS(J,38) ® XYZT(Js3) ¢ OTe(AYZF(J,3) = xY21(J,3))
uI2% Gh TS 20
¢ NETERAINE ALTITUNF LEG
nnpd A N w ~ALTC(])
BP LY N 9 1 8 1,N
TEFTS IFEYY  JLE. TALY(J,1)) GO T& {9
aapr Q CANTTHIE
¢ TARGET AN LEG let
r TI“E FXCEEDS TARGET FINA( TIvF
nn28 TS = TTelp00,
0929 T8S 2 TALT(J,N)e3600,
R PRTINT aun, 18, 188, J
DRy J00 FREMAT(IHO/SY, 'CURRENT TIVE! ,F10,2,' EXCEENS FIhalL YARCET TIME',
1 Fi1n,2," 1% NEwWPNS FNR TARGET! ,18/)
2032 ] 8~
00ty 1u DI 38 (17T = TALT(J,I=1))/7(TALT(J,T) = TALT(JoI=1))
NI Y THGPAS(J,3) & ALT(J,le1) ¢ OTa(ALT(],1) = 4LT(J,1=1))
¢ CAKRFECY ALTITUNE CAMPALENT AF TARGET DIRFCTIAN VFCYAR
W3S VEL(J,3) 8 TRGPAS(J,3) e ALT(J,1e1)
(03 VEILME2(JY & VEL( I, 1)0VELIJ, 1) oVFL (J,2)eVEL(J,2)¢VEL(J,3)aVEL(], DY)
nov? GN TP 20
C
c MAEUVERING TAQGET
(5 TAFGET 4T CANSTANLT ALTITURE (TRGPAS(],%) SFET T TakGET)
nngA 11 IFCTT LF, THANF(I)) GY 79 12
c TARGET REYAND “ANELIVER
0639 CELY B (YT o THANF (J))aSPEEDCJ)
apan VFL(J,1) 3 CAS(HEANF (J))
LY | VEL(J,2) 8 SIN(HEANF(J))
o TRGOAS(J,1) 8 X“ArF(Jy1) ¢ DELTOVEL(J, 1)
eNas TRAEPAS(J,2) 8 XMANF(1,2) & DELYeVEL(]T,2)
noue GA TA )A
c
J0us 12 IF(TT 6T, THANT(J)) GA TA 1S
c
c TACGET PRIAR TR MANELIVER
Doue NELY 8 (TT & XYZI(Jpu4))#8SPEEN(])
wa? VELC(T.1) & CAS(HEANT(]))
IR VEL(Js2) 8 SIN(HEADT(J))
1049 TERPAS(J,1) ® XYZT(Js1) ¢ DELT#VELCI,1)
“esn TREPAS(J,2) & AY¥21(J,2) ¢ DFLTsVFL(],2)
nng| Gr T4 18
4
r TARGET AlTHI*N “A“FLVER
LY 4 16 DFLY 8 (TT « T~ANT(J))aSPEED(J)/RADMC())
RLLE ] AV g AFADT(UY ¢ TURN(J)#INELT = PIAVRY)
nnsu TELRPAS(I,1) 8 CM(J,1) o KANM(JIACAS(ANN)
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1188 TROPNS()e2) 8 CH(J,2) o PALM(J)OST* (ANR)
INSH AYO g ANG ¢ TURN(J)eRTAayRQ
nney VEL(T1,1) = CASCANG)
nosAa VEL(Je?) 3 SINCANG)
1089 18 VELMGA2(T) 8 VEL(T,1)eVELOT,1)eVFL(],2)8VFL(J,?)
nakan 20 0% P2 1 & 1,8
Whint UFL (T)RTRGPAS(J,1)=8~Tp(])
nYe? 2?2 COUTTHUE j
noey STA=2398,2#8"]v(u) )
TRV fagNEL (1) |
"16S nysnei (2)
nOhA N7anFL(Y)
€ “Ba CAMPUTE THF TANGETY WRR[ZANTAL ANGLE (CCA FRYr FAST)
Hhe? 2K TF (ARS(PX) ,GT,0,000001) G T4 3¢
(i THE TARGET 1S AT PLU'S AR MINUS P1/2
tUbR ATFMY 8 PIAVRD
Uk 16 (DY, GE 0"} GN TA up i
nnyo HTEMP 8 «PIAVRP
noTt CY 10 4y
nire ¢ HTFEMP 3 ATAN(DY/ZDX) |
no7s TF (PX,RE,0,7) G* TA 4y ,
0074 ATEMPE g ATEMP4P]
0071s 4n IF (RTE4P ,GF,0,0) GA Ta So :
nhle HTEMP g ATEMP4TWNP]
R A S0 TROPAS(J,5)84T¢MpP
IOTA TECIFLAG LFQ, 2) 6GA TA &2
c STARF AZIMUTH y
nnyae TAZ2(1) 8 TRGPAS(T1,S)
anNen G™ T4 9
ERLE] 2 L = SOPT(NXeNxX ¢ IMYe)y)
nnap HALFBSART(D)
| noAY TRGPAS(J,4)8S0RT(NAeUX4DYanY 4D enZ)
@ TI“EY AND TIME ARRAYS [N SFCANNS
yOAY TI"FY(J) 8 TTadprn,
PR THGPAS(J,T7) 8 0
N AR 1F(J T, NTARG) GN 1A 24
o NeYP USEN FAR TARGET CANSSSECTTAY CALCULATIAN IN TARSIG
URLY NEYP(I) 8 (PELI1)OVEL(Jo1)eDNFLI2)AVEL (J,2)¢DNEL(Y)eVEL(T,3))/
1 (8UHT(VELMG2(I))aTRGPAS(T,4)) |
HhANK 24 IF (P.Gr.o'l)ul):)n’) 6GY 18 8%
| C THE TARGET 1S nAW DIRECTLY BVERKWEAD
L 1PEP*S(J,6)8PIMVKD
: ;000 I A I
r 1191 S HE MALF /98 ,2=SHIP(U)/DmALF
4092 APPI#FETHGPAS(T, ) /NaRaR
\ 1'aqy THGPAS(J,n) &8 ATANV(RPRIME)Y
1194 [F (RPETIME LT (0 MND N GT DSTARY GY TR AD
C THE TARGET HES “BOw HFFJ FALNR TA HE [N STIGHY ’
nany Y 1~ 90
C Tup FALLAWTYG APYLIES TA an AUT AF STGHT TARGFT
) ram AD ThGPAS(],d)eeTeRPAS(J,y)
nnay TSYAT()) & 0
no9A 90 THUTTNE
c
(4 CHECK FAR AZTMITH CANRECTT N
1099 TE(TIFLAG (Fa, 2) RETHPY
" N X7 L+L AR & 2
| w9 BN T4 &
v ! w1n2 ()
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SUANAUTINE RESAL (*REF AFS, NTARSHOEF, JHF,NT,THEE,N)
CAMay NSCAN,F AT, nUMTRT, T,ALDTENTTTY ,S4ADE(30,20)
PT,PIAVRY ,TABPT,RANDTAN,TALI(3)),NSTAR,NWL (30)
PXYZT(20,U),XYZF(20,4),TRGPAS(20,7),51GJ8"(2n)
WSIRTARC20,8) ,FRV(20),81GH84,ISWIT,TEMPAR
¢ SHIP(9), P (FU) , AMALE(SN,12),14DE(80,2)
NIMENSTAY SNPEF (2n), INF(20)

& wN -

NRFF IS THF NUMHER AF EFERENCF CRLLS N EACH SIDE

HES IS THE RANGF SESOLHTIAN CELL DIMENSIAN

MTAR IS THS TAQGEY AF INTFREST

NT TS THE MUMAFR AE INTERFERIMA TARGETS [N THE REFERFNCF CELLS
IRF( ) IS &N ARRAY OF INTFRFERING TARGET VUMRFRS

SNWEF( ) IS THF SIGNAL PPalR AF THF TLTERFERING TAKAET

THINA J§ THE ALTENY%NA 34DR RELMWTINTH

tv T8 THE NUMAER AF TARGETS

NTs) e

NELRE("REFe2)#NES

NA 2. Tmi,N

1F (T ,FQNTAK) G TA 29

16 (ARS(TRGPAS(I,d)=TRRPAS(NTAR,4)) ,GT NELR) GA TA 21

TF (ASS(TRGPAS(T1,5)=TRAPNSINTAN,S)) 6T, ,2,d0THENI) GPF TPF 20
[ F LSED]

TNF (T 8T

CALCULATE SIGAL FMERGyY FAKR THTERFEQIYG TARGET

COLL SIAMAL(],PaR,SHREF(N]))
CANTINOF

NFE TN
EnD
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LLPYY
0o :g:::gr:::‘nwacs~(oegv,ge.,3»,,q,,02,s,
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::9“ 10 CONTINIg
003: ASS o REegag
auge I o ’”"‘l.va.-un/.s.,
0010 Ve » ",.7“0’?.”"7/‘!”
0npy A e 1eova)suy
U ’.l.a“,-!v/v * DELY
*V e 8,48
:::: FP o F;/(v.v)' p fl.lvloz./va)
P :’c Ser/pp
(ARS(F), ¢ DELY/py " e
o MEREUE ST
8 14y
014 GA 1a
:OIQ 20 CONT LN
poze O
1022 TErp o 2,0HR
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SHRBRAUTINE SIGAL(JTAR,PAR,SIGEN)

JTAR = TARGET UNNER CONSINERATION

PwR g PAWER RECETVEDN

STGEY 3 SIGNAL FNERGY

CAMMAY NSCANGNEXT MUMTGT, T,ALNT,ENRTTI™ ,SMADE (30,20)
sPI,PTIAVR2 ,TufpI,RANDTAM,TAII(S0),NSTAR, DAL (30)
P XYZT(29,4),XYZF(20,4),TRGPAS(29,7),51GJaM(20)

¢ SIGTAR(20,3) FHV(2N) ySIGMAM,TSrIT,TEVPAK

s SHIP(S),KC(30),R¥ADE (30,129, 1¥ANE(30,2)

CAMMAN/RZ FAVIR(10),SURC(30),RE,CN»,CCH,4CAN,3E TS,

. DATP(20) ,PALRZ, IKEYF ,XRTA4S, XN“TAM, TARCS,nVI ,FAPTNA,F PISO

CAMMAN/H/FACH , AMRN X JAMN, TKEY.JG, XX XXX

CAruRN /17 PRBS,HAFK , THETBK ,NADA«r , THH, THV,GH

CAMMAN/MAN/MANEL (20)

CAMMAN/SIG/RY ,&4,FS

CAMPIITE SIGNAL EMNFRGY FAR TARPGET JTAR

CaLL TORSIG(JITAR)

wVLE300,/(RC(1)eNWL (NEXT))

S 8 RUANE(NEXT,3)aRC(6)*PC(O) 2wV #nV| ¢TARCS

W os TRGPAS(JTAR,4)

QY g KohMTAM

E AN -

PgRak

KaReQ

WMT g RaXNMTAMAgr T IMa NV TR XA MT Ay

Pwk 8 SeRC(AICPC ()« YANE(NEKT,R)/(RUT#FAPIGR)

ENV(ITAR) 8 1,

1E(REIDIMNELV ) G T g0

Fu s 1,

fay 8 (PRES o TRGPAS(JTAR,s))

Fv 8 REAM(AAV,RC(S),RC(2), 1))

FHV(JTAR) 8 FreFy

[F(THGPAS(JTAR,8) LT, NUARECNEXT,2)) 59 Th S)
FHV(JITAR) 8 AMAXY(FHV(JTAR),MABNAWN)
CONTINVE

FS 3 PWUReRMANE (MFXT,4)

TFrP«R g €8

FS 8 ESaFHV(JTAR)CFHV(JTAR)

CALL MULPTH(JITAR,JTAR,FAC)

FACy 8 FACeFACFACoFAC

CAVPHTF Twd waY PalY ATTENUATIAN

0 g 10,99 (e) FakeRMAENVIR (U anV| #o(el, AT))
CIYnPIlTFE SIGHAL ENFRGY

FS & FSaFACUQAYT L L(RMANE (MEXT 12)eTALINEYT) 1, )aks
SIREN ® €S

HETUPN

FrTRY *AISE(JITAR,EC,EN)

J14R & TAWGET UNFFR CANSINE&ATTIN
Fe s CILUTTEN FMERRY 3
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- vt YISk FRERGY (INCL'NING JAYYING)
{4
NS Y Fli & AC(3)#RC (1)
RE S ] AdEN g8 FN
c CHMCULATE JAMMING (EJ) AYD CLUTTFR (EC) ENFRGIES
¢N3R CALL JAM(JITAR,FJ,FC)
¢ CA“PIITH RAIN CRNSS SECTION
W39 ENCS 8 A T00EeseTALINEXT)#RC(U)CRC(S)eR™ #RY savi s (ed)
eafFlVTR(U)enyl s
c CALCiH &TF RaTN RACKSCATIER
eau0 FR o8 [SARNCS/(TAKCS#FACUNFHY (JTAR) aFHV(JTAR) ) 4S4NF (LEXT,2)
woal TevpP 8 PARS e QC(S)/4,
Cna2 IF( TEYP,GE,Y ) GY T 40
¢ TNEL'DE YULTIPATH AVERAGING FACTAR
904y FP 8 6,9%ER
C CAPITE NOISE ENFRGY TA TNCLUDF RAIN 3ACKSCATTER AAD Ral’ e
c ATTENUATEN 1844ING ENERGY
nnuyg 60 EN 8 (FN & EN ¢ EJaRA/D VB AT(IMADE(NFXT,2))
¢ CAMPUTF FAIN ATTENUATED CLUTTEP
3 04S EC s ECARASFLAAT(TMADE (NFXT,2))
DUk RETURN
nnuv END
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SURPAUITLIYE TaWGE!D

TYPrS ~F
1T/PE 3 ¢

TARCEY FLIGHY BRABILES
PRAFILF CanSISYS AF STRATGHT LINE TRAJECTPRY FRAM
IHTTTIAL PASTITIAY TE FINAL PASITIAY .,  (CP\STatY SPEFD
1S FETFRVMINED FROr TIMES SPFCIFIED FAP ThESE
PASTITIANS,

1TY2¢F & ¢ It: ADDITIAN TA INTTIAL AND FIMAL TINES aM[ PPSTITTIAMS,
Fet~ 2 T# 4 ALYITUPE LEGS ARE DEFINEN RY SPECIFYING
1 TR % 4L YTYTUDE NODFS A*D CARRESPANDING APRTVAL
TIMES, PRAFILE CANSISTS AF STRAIGHY LINE
TRAJECTRRIES RETWEEL MAPES, WITH PRAJECTIAN AF ThE
PRPAFILE AN THE XeY PLANE & STRAIGHT (INF FETeFEr ThE
JNITIAL AND FINAL PASITIONLS,
I1veg s 2 PROFILF Is DEFINFD AT & CANSTANT MLTITUPE arp
CENSISTS AF A STFAIGHY LINE TRPAJECTRRY FhEM ThE
INTTIAL PASITINY SITW THE NEFINEN SPEED AND WEADIMG
TA L SPECTFIFD PAINY IN TIMF AT wHICH THE VANEUVEF
REGI*.S, THE MALELIVFR GCCURS IN THE WERIZAFTAL PLANE
ACCPPRING TA THF SPECIFIFC GeCAPARILITY, Tht
FANFUVEN TFRMINATFS WhEL THE TARGEY I8 HEADRING TAwaRN
118 FINAL PHSTITIAr, anf THEN PRACEENS In & STRAIGHT
LINF TRAJECTARY,

Crrarl NSCANGUEFXY 2UMTET T, ALLTENNTIN ,SMANE (30,211)
WHI,PIAVIY ,TwART RPADTAL,TAII(30),0870,0wt (3U)
PXYTI(20,u) ,XY2B(20,4) 4 THCFFS(20C,T7),8IGJ8"(2¢)

sSIGTAP(D0, %) ,FHV(2n),81GYAk, ISWIT, TEHPLR

eSHIP(Q) bl (J0) ,kFORE(R0,12), IMADE (30, 2)

CRUMAN/G Y, EMVTRCTICY,,SURC(3C)  MEJCNM,CCF 0CAN,NETS,

. LETP(20),PRLRZ, IKEYF X0 TAUS YNMTAV , TARCR ,nV| ,BAPI R, FAETS

CRSMAL /B 2A(20,U)

CPruar Juni . /mAREL(20)

CANMBN/TV/NUTARG )L JAM,SPEED(20) ,MEATT (20) ,HEADF (20), T80 1(20),

1 TAANF (2C) ) aMANT (200 3) g XMANF (20,3),6TUP (20, TUFM (20 ),

CP(20g2)sPAIME20) ,TTYPE(20),ALT(20,8),TALT(2G,S) ML T(20)

NIVFLEIAN CAPDC1U),NDELCY)

REAN 2, NTAR(G, NJAM

EREMaT(2]S)

PRINT &0, UVApﬂ,aJ‘w

FapMaT(/t HLii”RERP RF TAQGFTS 8

CUETELY 8 NTARG ¢ NJaM

J s

ra Qu ‘»

BN U I |

VEAD h, (XYZ](J,1),181,4),

1 (AY2F (0,010,181 ,0),(S1GTAR(S,1),181,8),81GJ8"(J),""LEL(])

£ AN -

1,512,852, NURRER 25 JavMERS 8 ', 1)7)

& 1, U"TEY
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‘ :x:? :VZI(J.I) ; AY21(JsY)/6,0R02
| ::u?a AYZF(J, 1) 8 XYZF(J,1)/0,0R02
' 7 CANTINUE
fx;: XYZ7I(J, 0 )EXYZT(J,u)2%600,
Lﬂ?ﬂ XYZF(J,0)8xY2F (J,4) /758600,
26 STGJAM(IY 8 SIGJALY(J)/7) ,0Fep
?:?7 “ELD R, TTYPE(J), (CARN(T),IZm1,7)
% ARKAT (T4, TFe,2)
i g 0 r~='VVFE MF TAWGET PREFILE
: §:E$yvvvs(‘l) EQ, D) GA TA 9p
?ﬁi: PRINY nub, 1TYPE(J), (CO4PN(1),131,7)
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3 c ALTITU(E LEGS
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nouy 9 CALTIMUF
i tr 7P €0
s C WALEIIVE R
“Hue 10 IF (ITYPE (D) .EQ,’?:J?Q 1* 18
l i IN Ty
ints t :::::Y::::,;;,:'AGEEI',IS-' HAE LINDFEIMEC TARGET TYYPF!', 13,
WOLR |fv11 ! Sengst DELLFEBASS
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e ::::J LE, MTARG) “TARG 3 NTAER « |
:::: 1F (K :ut, PTARG) NJIAM g NJAM e | /
. .ﬂ 'ﬂ Ql\
Lx:; 15 ;’tenfa) & CARD(Y)*3000,/6,0RND
08y MEART() ® CARNIQ)/PARTAL
Lu&S§ THANT(S) & CARN(3) /3000,
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CTURN(J) ® CARU(W)I®32,17e3p00,03070,/6CAC,2
TREPRS(J,3) B XY21(J,3)

SCALF TrPUT 7 SANTTICAL MILER, HPURS, MNP PANTANS FRE JHTEFNAL

caLcuLeTIenS
TARGET viaMFLVER PARAMETERS

COLCHLATE YarGET REGIN aND END MANFUVER PASITIANS ) Xev PLA'E

TAGGEY ENES »a%EUNVFR Ay nFANINE TARAENS FINAL PASTTIAN
TAEGFT PESIYIAN AT BEGINMING AF MANELVER
DELY 8 (THMAMT(J) o XYZ21(J,4))*SPEEN())
YMANT(J,1) & xYZI(J,1) o DFLT#CAS(READ] (S
AEANT(U,2) 8 2YZ2T(),2) ¢ DELTASTIN(HFANTI(Y
FEIFFMINE NIRFCTIAN AF MALFUVEP

TURY 8 § CC» FANFLVER

TURN B8 o) C» “ahBLlIVER

CAMPUITE WEADING CF VECTPR BRAY THRGFT PASITIAN XVANT TP xVY7F
NFLCI) 8 XYZF(J,1) = XuaN](J,1)

PEL(2) 8 XYZF(J,2) = XMAN]I(J,2)

AHEAl & GRCAS(NFL(1)/78SQRTIDEL (1)#DFL(V)eMEL (2)9DEL(2)))
TF(DEL(2)Y LT, 0,0) XHEAlN 8 TWPPT = xHFA(

TURN(J) = 1,

PIGHY karn( Tukh ASSUMEN FAR 1A0 PEGRFE TuRM

HTEST = RELNI(J) ¢ P]

IF(HTEST ,GE, TwPPT) (A TR 28

TF((YHEAD LT, HEADI(J)) ,MR, (XMEAD ,GE, HTEST))
1 TURN()) 5 ot ,oTUBN(I)

G* TF 3¢

2S HIESTY 3 HIESY = TwhpP]
TRO(XHF AT (LT, HEADT(J)) ANC, (YHEAL ,GE, HTEST))
1 TURN(J) 8 =t 2TURN(J)
3¢ CANTINUE

))
B

CALCULULETE CEMTEW AMD RADTUS ™F “aNELIVFE CIFCLE
FALMEJ) 8 SPEEN(J)SPEEP(J)/GTURE (J)
CH(Jp1) 8 XMANTI(Jy1) ¢ FADM(J)#CAS(HEADT(J)*TURN(J)EBIOVP2)
CM(Js2) 8 YMENT(J,2) ¢ RADM(J)ISSIN(REATTIJ)CTURNIJ)&P]IPVED)
DFTEPHTHE JF “ANEUVER PPASSTRLE
CA“PUTE NISTLNCE FEBM cM TH XY2F
PELC1) 8 BYZF(J,1) = Cr(J,1)
NEL(P) & 2YZF(),pP) = Crv(J,2)
DFLR 8 SART(NELCY)SDEL(I) ¢ 1EL(2)«NFL(Q))
1F (PFLK ,GE., PAD¥(J)) GF T8 I8
14PASSIWLF “MANFUVER
PRIMY uot, J
GG FORMAT (106, 8x, "MANEIIVER IMPASSIPLE FPR TARGET', I3,
1 § TARGEY DELETEN'/)
Js e
IF(r LF, HTAPG) NTHWG g LTENG = §
TE(x CT, NTARRY v JAM g “J0M = |
GM 1h Qg




THIS PAGE IS BEST QUALITY PRACTICABLE pAVIS AND TRUNK

FROM COFY FUKNISHED TO DDC Sev &2 4
c
(4 CFYEPHINE TAECET PASITIAL 4T F*N AF FAPELVER
[
Chhe 78 STVR ® RAD™(J)/DFLK
wORY € "Sa 3 OFLI1)/NFL W
FORN SINA &8 DFL(2)/NFLF
nnA9 ANA B AFCAS((NSA)
npap AR g LESTIN(STNR)
c PETERMINE NUANKAYT OF yYZF KELATIVE TA €™
4091 R TF(SInt ,GE, 0,) GN TP RS
4 QUADPAY TS 3 AN( 4
whq2 HEANF(J)) 8 TrAP] = Alh ¢ TURY (J)sANRA
¢eay GA TP Fp
C QUARKAL TS 1 800 P
(094 KS HEADF(J) 8 A%A ¢ TURN()) ANk
coesg AR NHEAN =& TURN(J)e(REAUF(J) o HEAD](S))
9096 RQ IF(NHEAD (LT, G,) NDHEAD S [IHFAP o TaPfP]
wne7 AMANE (J,1) B CM(J, 1) ¢ FAPM(I)eCHS(MEARF(J) = TURN(J)PINVED)
LVQR YMANE(J,2) 8 CM(J,2) ¢ RADM(J)eSIN(HEACF(J) = TUFH(JISPTAVRY)
N9 TUAME (J) 8 TrakI(J) ¢ nHEAPSSPEER(J)/GTURN(J)
{4
c COALCULATE TIME TAPGET aRFIVES AT FInaL POSITINN
gtaoo DELCY) ® XY2F(1,1) o XwANE(J,1)
n101 NELC2) 8 XKYZH (J,2) = XwaNF(J,2)
n102 NFLR & SOUFTC(TFL(1Y2DEL(t) o PEL(2)#PEL(2))
c103 XYZF(J,4) » NELR/SPEED(J) ¢ THANF ()
o104 Qp CAMNTINUE
c108 NUMTET &8 KTARG ¢ hJAM
SET UP APRAY FOR TARGEY CRFrSS SECTIAN CA(CULATIAMNS
c106 D% 95 J & 1,MNTARG
fto? A{J,4) 8 (2,08107AR(J,3) ¢ B1GTAPC(J,2))/%,
cInm A(J,3) B8 (3,28IGTAR(J,1) ¢ SIGTAR(J,?) = 4 ,%8(J,u))/12,
c109 A(J,2) 8 S,0A(J,3) = SIGTAR(I,1) ¢ A(J,4)
0110 4(Jy1) 8 2,00(J,2) = U, 2A(J,%)
nity 95 CANTIMUE
vite RETURN
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ran SHEREITIrE TARSTI(JTAK)
c
c JT2P = TAKGE! *LI~KHER
(-
Cun CAVKAL L SCAN NP XT, IMTET, T, CLET, ENNTI™ eMPALE (30,20)
1 WC1,PIAVRY ,TARPT ,RALTA G TAILI(RN),HSTAR , Ma (301)
2 s AYTT (20,61, ¥YZF (20 ,4),THAPAS(20,7),51GJa" (2
3 s STGTARID,B) FHV(20),S16aM, ISH]T, TEMP AR
4 P SHIF(9),RC(30),RMADE (37 ,12),14%0E (30,2)
cocy CRMMAL /iy ENVTR(10),S5URC(3C),FF,CNM,CC,ACPN,RETA,
. [ATPI20) ,FULRL, IKFYF XK TAMS , XhYUTrN , TARPCS,=VL ,FOPT K, FAFTRSA
(Y] CAVMPNZE ZAC20C, 1)
vhos§ NIYErSTEY TEFP(4)
none TEFP(1) = PATP(JTaFR)
epe?y na ¢ 1 8 2,4
ronR 100 TEVP(]) 8 2,4TEMP(Je])asley,
G609 TARCS 8 2(JVER,u) & A(ITAR,3)«TEFP(Ud) ¢ 2 (JT2R,2)eTEMF(T)
) o A(JTAKR,1)*TEMP(2)
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DAVIS AND TRUNK

SUERMUTIMNE UFU'I(2,CA,CaNS)

CAMMAN HNSCAN NEXT NUMTGT, T, OLNT A0 TI™ ,&MEDE(30,20)
1 ePIPTOVRZ ,TANPT,RAPTAL,TAU(30),NSTAK,aL (30)
2 e XYZIU2C ,4) , XY2R(20,4),TRGPDS(20,7),8]1GJa%(2)
3 oSTGTARIDG,3),FHV (20),81GMAN,ISAIT,TENPRR
4 ¢SHIP(9),RC(30),R¥ANE(30,12),14PDE(R0,2)

CrvwON/R/ FNVIR(10),8URC(30),RE,CN*,CCH,0C0N,BET2,

» NETR(20) ,FALRL, IKEYF , XKTOMS XNMTAY , TARCS , 4Vl ,FRPIGE ,FARISH

CAMPLEX CA,CANS,(1,CAPS,02,CA1,C28,C013,CF1,CF1P,CGI,CRTIP
. oCF,CFP,CG,CGF,CHp,CH2P,CPL,CMA,C24,CA14,CCE,CCEA
. oCCoCCP,CATR,CALRP,CFM,CFP™,CGM,CCPY,CALNA

IF(ISKTT EQ,1) GM TA §

CT & (G, 001,)

€1 = ,35502P0539

¥C2 ® 258819403k

*TP] ® SQFY(P])

CXPY & CEXP(ClePl/3,)

Cat = CasCxP}

ALr? s 0

COMTINLE

IF(Z,EN,FLDZ) G TP 8¢

fLDY? 8 7

CZ s (Z2eCh)eCxF}

IMEY 8 0

TF(CARS(C2),GT,3,) IKFy B IKFYel

T1F(CARS(CA1),GT,3,) IRgY & TwFYep

TF(IPFY EQ,3) GA TA (0o

TE(TSHIT EQ, 1 AND TKEY EG,1) GP T8 1¢C

C23 & C20C2eC2

Co13 3 Chlelhinlh)

CF! s

cFIP &8 0

CGT = Cr1

cCGIP s ‘l

cre s 1,

CFPM 8 1 ,/CH)

(G~ s (€2

CGPM 3

XMULY w1

VL2 8 1

1 s ¢

1 8 Je1

AVELY & XMULY/(3a)e(3n1e)))

AMLL? & XMUL2/7((3e]e))ale])

CF' =& CFreC7Y

CFHM 8 CFPMeCAISa(30])/(MAXN(1,3s1e3))

CGr & FGMeC2Y

CGFv 8 CGFYeCA1Ya(3n]ey)/(38]e))

CF 8 YMUL1eCFM

5t ?ﬁ&/»"’
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(FF 3 aMiiL 1 oCBP™
CG & XML 2eChr
CAP & abIL2eCGFM
CF1 = CE]eCF
CFIP 3 (FIPeCFF
CC! = CGTeCH
CGIP 8 (GRIP4CGP
IVEYY B TREYey
GR TN (22,23,24), IKEYY
2? IF(tAHS(lCIt(F-ertCG).LY.,UUS-CAR5(1c1-rF]-lC?trGI),Arr.
’ CARS(XCI1#CFPexC2oCGP) LT, ,0084CLRAS(XCI*CFIP=xCPsCR]IF))
. GR TN 21
GA TA Do
P3 JF(CARS(XCI®(FPaX(24CGP),LT,,005+CARS(XCI#rF]PaXfRelTF))
. Gt TO 2!V
GA TR 20
24 TF(CARS(YCAI#CFeX(C22C6) LT, , "05aCARS(XC)srF)=XC24CGT))
. Gn 1P 2}
GR T 20
21 CerTIhHIE
TFOIKEY FG,1) (™ TF 2§
CHZ 8 C193,02617+(XClecFlexC2+CGT)
25 TF(IREY LT,2) (H2P 8 CT#3,026174(XC1oCFIFeXCP+(GIP)sCIPY
IF(IKEY ,FQ,0) £A TP 70
l'(lSkIV,EG.l,AND.YKEV,EO.Z) G* 1A 7n
10 CALTTNUE
(N2 & 2,/3,%CEXP(1,5#C NG(CZ))
COA 8 2,/3,4CEXP(1,S¢C L AG(CAY))
€24 = 1,/CSART(CSIRT(C2))
CAY14 8 CSURT(CSRRT(CALY)
Cft 3 CEYP(=CNZ)
CCFA s CFXP(=CPA)
CC 8 ,S4C24sCCE/FTF]
CCF & o, 5«CA1U~CCFA/RTPT
XMULY =& 9,
CalF =

ok LE
Er1ee o) NHIS PAGE IS BEST QUALTTY PRACTICAE
CFPM 5 1, FROM COPY FURNISHED T0DDC

1 = 0
4n 1 s Tt
¥ 8 el
ne §6 3w 1,3
YMULY =& ML ek
b3 Kep
CANTINLE
YMULY 2 ¥™UL1 /(218410 (p9]ey))
CF* & CFH/CP2
CF ® xMyLiaCE™
CFP™ & CFPYs ((6a141)/(1=627))/CN»

="
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DAVIS AND TRUNK

CFF & xMilL1eCFPM

CAIF 3 CATPe(ml)es]eCF
CAIRP & CAIRPe(=1)eelecFP
GR T (81,52,53), IKky
IF(CERE(CF) LT, 0:2) GA TP 60N

& T¢ un

IF(CARS(CFP) LT, "02) GP 1A ¢0

6Ff TN un

IF(CARS(CF) LT, 002, ,AND CARS(CFP) LT, ,002) GN TP &0

GA TP uo
cﬂlA"D‘l(E

TF(IREY ,NE,2) CH2 3 CTe3,N26174CCoCAIR
TFOIKFY CE,2) CHPP 8 C123,026170CCPeCAIRPaCXPY

CALTINIE

CANS & CI1eCH2/CHRP

COLDA = CAMNS
RPETURA

CA*S = CoLNA
RETURN

EnC
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