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SURVEILLANCE RADAR SYSTEMS EVALUATION MODEL (SURSEM) HANDBOOK

1 INTRODUCTION
1.1 Background

This handbook constitutes the documentation for the Surveillance Radar Systems
Evaluation Model (SURSEM), developed by the Radar Analysis Staff {Code 5308) of the
Naval Research Laboratory. This documentation has been sponsored by NAVSEA-
SYSCOM and NISC, with the objective of providing the Navy with a fully described,
user-oriented computer model of a surveillance radar.

1.2 Organization

This handbook serves two basic purposes: it reflects the current capability of the
computer model, and it provides the potential user with instructions for its independent
use. The handbook is divided into four sections. The first section, the introduction,
includes a general description of the model, followed by comments concerning its growth
potential. Instructions for the user make up the second section, which gives a complete
description of the input parameters and printed output. This section also includes a test
case that is explained in detail. The third section contains the documentation of the
individual computer subroutines. Such documentation consists of an analytical descrip-
tion, macro and micro flowcharts, a table of FORTRAN variables together with a de-
scription and units used, and a FORTRAN listing for each program subroutine. The
fourth and last section consists of two appendixes. Appendix A is a FORTRAN listing
of SURSEM as used on a PDP DEC-10 time-sharing system. Appendix B is a description
of MTIMOD (Moving Target Indicator Modification), a subprogram designed to use MTI
signal-processing techniques to calculate the signal-to-noise ratio in a rain and chaff en-
vironment. MTIMOD has been programmed but has not yet been fully tested or incor-
porated into SURSEM.

1.3 Model Overview

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.
An engagement (in the limited sense of a target flying into the detection range of the
stationary surveillance radar along a predetermined course and the radar attempting to
detect the target during its flight) is initiated at the time the target leaves its initial posi-
tion and is terminated when the target reaches its final position.

Manuscript submitted July 14, 1976.
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KAPLAN, GRINDLAY, AND DAVIS

SURSEM has been constructed as a modified time-step model. The time steps in-
volved are determined by the elapsed time between radar scans illuminating the target.
The surveillance radar under examination is characterized by its radar scan modes. A
radar scan mode is a device defining radar operating characteristics for the illumination
of a specific geometrical region. Typical radar scan modes include long-range search;
high-angle, low-energy search; burnthrough; and horizon scan. At the onset of the en-
gagement (i.e., when the target leaves its initial position), the time at which each opera-
tional radar scan mode will first illuminate the target is determined. The mode correspond-
ing to the smallest time is selected as the initial scan mode, and its time of occurrence
becomes the current engagement time.

The position and orientation of the target at the current time are calculated under
the assumption that the target follows a linear flightpath at constant speed. The positions
and orientations of any other defined targets, which are treated as additional sources of
jamming radiation, are determined in the same manner.

The probability that the radar will detect the target during the selected radar scan is
calculated by means of the user-designated Marcum-Swerling cross-section model [1].
SURSEM is concerned with the evaluation of surveillance radars and has no provision for
target tracking. Scan-to-scan independence is assumed in the calculation of the cumula-
tive probability of detection.

1.4 Future Growth

SURSEM will change and expand as the result of application to an increasing variety
of problems. Some areas of interest for the future modification of SURSEM have already
been identified and include the following:

1. Signal processing—integration of MTIMOD into SURSEM as menticned above,
as well as the development and incorporation of other signal-processing options,
such as pulse-compression and pulse-doppler techniques,

2. Detection confirmation—greater detail in the modeling of the process that con-
firms the detection of a potentially detectable target,

3. Area clutter—more faithful rendition of the effects of sea state, shadowing, and
polarization on the area-clutter return over a wide range of pulse widths,

4. Refractive-index models—inclusion of an exponential refractive-index model,

Point signals—development of an empirical point-scatterer model and modeling
of polarization effects,

6. Volume clutter—inclusion of a chaff model,

Antenna pattern—improved sidelobe modeling and computation of the hori-
zontal gain pattern factor when considering target detection with discrete-
beam-forming radar.

Modifications of the model will be reflected in revisions to this handbook. Revised
pages and new sections will be sent to any user who requests this information.

1-2
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The authors of this handbook are available on a limited basis for consultation on
problems related to the compilation and execution of the model. We are also interested
in negotiating with potential sponsors for the development of the model’s growth poten-
tial and in some aspects of performing analyses of radar systems through the application
of the model.

1.5 Acknowledgments
Large portions of the sea-clutter and multipath routines in SURSEM were program-

med by J. D. Wilson at NRL. O. F. Forsyth of the Stanford Research Institute contributed
to the development of early versions of the model.
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KAPLAN, GRINDLAY, AND DAVIS
2. INSTRUCTIONS FOR THE USER
2.1 Input

SURSEM is designed to generate radar single-scan and cumulative probability-of-
detection values as a function of target range and orientation in a specified environment.
An engagement scenario consists of a radar, one target to be detected, and up to nine
additional sources of jamming radiation set in a specified environment. The required
input information is divided into the definitions of radar, targets, and an environment,
together with several output control parameters. Each of these is considered in detail.

2.1.1 Radar

A radar is described by specifying 11 basic parameters followed by 16 descriptors
for each of up to 15 operational radar scan modes. Typical radar scan modes include
long-range search; high-angle, low-energy search; burnthrough; and horizon scan. The
11 basic radar input parameters are—

Radar frequency in megahertz

Antenna pattern indicator (O or 1, where 0 = pencil beam and 1 = cosecant-
squared beam)

Receiver noise in dB

Horizontal 3-dB beamwidth in degrees
Vertical 3-dB beamwidth in degrees

One-way antenna gain in dB

One-way sidelobe level in dB down from peak

Receiver line loss in dB

® ® R AR

Transmitter line loss in dB
10. Number of scan modes (to be) defined, not to exceed 15

11. Linear polarization in degrees, from O to 90, where 0° = horizontal and 90° =
vertical

Each radar scan mode (as specified in item 10 above) is described by the following
16 input parameters:
Lower limit of elevation-angle coverage in degrees
Upper limit of elevation-angle coverage in degrees
Peak power in megawatts
Pulse length in microseconds

Interlook period (time between scans) in seconds

S ok

Scan offset (relative to radar initialization) in seconds

2-1
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Instrumented range in nautical miles
Mode-dependent loss in dB
Number of pulses integrated

10. Minus logjo (false-alarm probability); for example, if the false-alarm probability
is 1076, it would be entered here as 6

11. Compressed-pulse length in microseconds
12. Sea clutter improvement factor in dB

13. Intermediate-frequency bandwidth in megahertz; if O is entered, bandwidth is
set at 1.0/(compressed-pulse length)

14. Mode-dependent frequency increment in megahertz; if nonzero, the effective
horizontal and vertical beamwidths and antenna gain for this scan mode are
also affected (see description of the SURSEM Executive Routine)

15. Blanking time in microseconds; if 0 is entered, blanking time is set at pulse
length

16. Rain-clutter improvement factor in dB

Radar scan modes are numbered in ascending order as they are defined, beginning
with number 1.

The location of the radar platform, which is assumed to remain stationary throughout
an engagement, and the antenna height above sea level are specified by three radar posi-
tion input parameters (in thousands of feet):

1. x position coordinate
2. y position coordinate
3. z position coordinate (antenna height above sea level)

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

2.1.2 Targets

The model can accommodate from one to nine moving objects called targets; how-
ever, only the primary target (the first target defined) is used in the calculation of the
radar detection-probability values. Additional targets can be defined as jammers. Each
target is described by the following 13 input parameters:

x coordinate
y coordinate initial target position in thousands of feet

2z coordinate

Ll o

Time in seconds at which target leaves its initial position

2-2
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x coordinate
y coordinate terminal target position in thousands of feet
2z coordinate

Time in seconds at which target reaches its terminal position

© ® 3o o

Head-on radar cross section in square meters

10. Broadside radar cross section in square meters

11. Minimum radar cross section in square meters

12. Jamming power density in watts per megahertz

13. Marcum-Swerling cross section model number (0, 1, 2, 3, or 4)—see discussion

of Subroutine MARSWR. for a description of cross-section models

All targets are assumed to follow constant-speed, linear flight paths calculated from
the initial and final positions and times specified above.

2.1.3 Environment

The effects of wind, rain, and multipath on the detection capability of the radar are
included in the model through the specification of the following environmental input
parameters:

Wind speed in knots
Height of wind-speed measurement in thousands of feet

Multipath indicator (0 or 1, where 0 = no multipath and 1 = multipath)

&~ e o

Rainfall rate in millimeters per hour

The wind speed and the height at which it is measured are used to determine the
sea state in the calculation of the sea-clutter return. The rainfall rate permits the calcula-
tion of the rain-attenuated signal energy and the contribution of rain backscatter to the
total noise energy.

2.1.4 Output Control

The output control parameters determine the amount of information to be printed
as the result of each engagement and select the radar scan modes (from those defined as
radar inputs) to be considered for use during the engagement. A line of output data
(discussed in the following section) can be printed for each radar scan performed during
which the target was within the instrumented range of the radar.

The six output control input parameters are as follows:

1. Lower bound for which single-scan probability of detection will be printed.

2. Upper bound for which single-scan probability of detection will be printed.
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Largest cumulative probability of detection to be printed. When the cumulative
probability exceeds this value, no more output will be printed for the engagement.

Line print indicator. For example, if this value were 5, then every fifth line of
generated output would be printed. The option to suppress all printed output
is available prior to scenario input, as noted in Example 1.

Total number of radar scan modes (from those defined earlier during radar
input) to be used during the engagement. If all scan modes defined are to be
used, a zero may be entered here and a single number (dummy) for the next
parameter.

Actual radar scan mode numbers to be used during the engagement, in ascend-

ing order. The first scan mode defined is mode 1, the second mode defined is

mode 2, etc. This option allows a series of engagements to be performed using
a number of scan mode combinations without redefining radar inputs for each

run. See Example 1 for details.

2.2 Output

An engagement begins at the time the primary target leaves its initial position. From
this time until the time the target reaches its terminal position, the model considers each
radar scan mode and corresponding scan time in turn and selects for operation the mode
that will next illuminate the target. For each scan mode selected, the following 15 out-
put values, constituting a line of output data, are generated:

Output Description

INDEX Scan counter
MODE Scan mode number
TIME Time of scan occurrence in seconds (relative to engagement initiliza-

tion at time 0)

RANGE Slant range of target from radar in thousands of feet

BV Elevation angle of target in degrees

BH Azimuth angle of target in degrees

SIGMA Target cross section in square meters

FCTR Multipath pattern-propagation factor in dB (caiculated by
subroutine MULPTH)

ESIG Signal energy in dB (with respect to a joule)

NAMB Ambient noise in dB (with respect to a joule)
NCLT Clutter energy in dB (with respect to a joule)
NJAM Jamming energy in dB (with respect to a joule)

E/N

Signal energy-to-noise energy ratio in dB

PDSS Single-scan probability of detection
PDCUM Cumulative probability of detection

The sequential generation of output data for each occurrence of selected scan modes
terminates when the target reaches its final position, thereby ending the engagement.

2-4



KAPLAN, GRINDLAY, AND DAVIS
2.3 Example

SURSEM has been used at the Naval Research Laboratory both in batch processing
on a CDC-3800 computer and on several time-sharing systems, including the CDC
KRONOS and an in-house PDP DEC-10 system. This example is directed toward the
time-sharing version of SURSEM. The difference between the batch and time-sharing
versions is in the input-output format structures. Modifications applicable to the opera-
tion of the batch version are noted in the next section, ‘“‘Batch Processing.” Appendix A
contains a listing of the time-sharing version of SURSEM.

Example 1

1. THIS IS SURSEM» THE NRL SURVEJLLANCE RADAR SYSTEM EVALUATIQN MCDELe
2. 00 YOU MESD A DESCRIPTION OF THE |NPUT VARIZBLES? NO

3. D00 YOU wANT DETAILED QUTPUT? YES

4, TYPE 11 8AS!C RADAR INPUTS: 35€8 1 5 1¢7 143 397 25 1252 1 §

5. TYPE 16 INPUTS FOR MODE
14

13 -445 «85 245 12 8 ¥ 2430 3 16 «05 % 20 8 @

6. TYPE SHIP/RADAR PGSITION COORDINATESV(X’YnZ) IN KFT: g 5 o1

TYPE NUMSJER OF TARGETS: 1

8. TYPE 13 PARAMETERS FOR TARGET 1: 248 D o1 0 30D 1 7201 1 1 0 @

9, TYPE 4 ENVIRONMENTAL PARAMETERS: 149 111

10. TYPE OUTFUT CONTFOL PARAMETERS: @ 1 1 4 1 1

11. INDEX TINE BV S1GHA ESIG NCLT E/N pDCUM
12. MOLE KANGE 8H FCIR NAMB NJAM PDSS

13. 1 33649 321 1o 187«  -35@0. -20459 BedER
14. 1 1422 Gef -34.  -199.  ~357. 8000

15. 1 3630 221 100 =18@s  -35%« -14+47 #eB20
16. 1 1358 Beid -28. -199. -350. Sed20

17. 1 18448 802 142 -174. -350. ~8042 et
18. 1 1282 ) ~23«  ~-199¢  -353. Ged8D

19. 1 428 ?eii3 149 -167. -35( -2434 BBl
20. ] 12149 8.3 ~17e -199.  -358. G220

2-5
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Example 1 Continued

21. 2 432 o0 24 1.8 -169.  -350. 3.77 833
29, 1 114.8 3 o -11e  =199.  -35§. 2.892
23. € 455 0 Behia 1.2 ~154.  -350. 955 Fe312
24, 1 16742 28 -6s  -199s  -358.  F.233
95. 14 459 .0 385 1.9 =147+ -35§. 1678 10640
26. 1 12800 de8 -#s  -199. -390, 10808
27. 14 S84.3 g6 Te0 -141.  -353. 1246 1980
28. 1 93.8 Deid de -19Q. -350. 1e 46
29. 18 5288 96 104 =136«  -353.  25.18 10840
30. 1 867 et 8.  -199.  -358. 1.422
31 22 552+ 0.37 143 =133~ -358.  27.74 1065
32. 1 796 Jed Ge -199. ~350« 1328
33. 26 57608 0.98 108 =131+ -184. 28.47 1664
34, 1 7248 3.0 9.  -199.  -35@. 14949
35. 38 600+0  £.03 196 =133+ =182+  25.95  1+620
36. 1 65+2 63 6+ -139. -352. 10300
37. 34 6249 .09 100 -143.  -181. 14458 1.892
38. 1 584 g0 -6+  -199.  -358. 8+992
39. 36 6489 8+18 18 -146e =179 1034 1.08¢
40. 1 518 8.0 =12+ -199e  -358. 8387
41. 49 67249 g.11 1.4 -123s  -177. 31.93 1202
42. 1 4449 8.0 8+ -199.  -358. 1.638
43. 44 6960 ge12 108 -122.  -174. 32028 14688
44, 1 3748 8.3 Te  -199.  ~357. 16639
45. 48 72042 Be12 143 -125+ =169 28451 14908
46. 1 3040 ¢o2 -%s  -139+  -358. 14229

47. DO YCU WANT TO SAVE DATA?  NO

48. IS THERE AMOTHER ENVIRONMENT? MO

49. (S THERE ANOTHER SHIP/TARGET SET? KO

50. IS THERE ANOTHER SET OF RADAR PARAMETERS?  NO
51. PROGRAM FINISHED.

52. sT19P
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Example 1 is the printed output from a PDP DEC-10 system time-sharing terminal
for a sample run of SURSEM. Line numbers have been added at the left of the listing
for reference, and user responses have been underlined. Immediately on initiating execution,
SURSEM prints a line of identification (line 1) and asks the user if he needs a description of
the input variables (line 2). The user types either YES or NO. A YES answer will pro-
duce a descriptive listing of the radar, target, environment, and output control parameters
discussed earlier. A NO answer, as shown here, causes the program to immediately print
line 3. Detailed output consists of a line of 15 output values for each radar scan per-
formed, modified by the output control parameters specified in line 10. A NO answer
results in no output values printed at the terminal. Line 4 instructs the user to enter the
11 basic radar input parameters described earlier in the section on radar input. In this
example the parameter values as entered are separated by spaces. Line 5 requests the
16 input parameters to define scan mode 1. If more than one scan mode is designated
as the tenth basic input parameter in line 4, the program requests inputs for scan mode 2
after receiving the 16 entries in line 5 for scan mode 1 and continues requesting scan
mode inputs until all scan modes are defined. Here only a single scan mode is to be de-
fined, after which the program continues to line 6, an instruction for the user to enter
the radar position coordinates. Line 7 requests the number of targets to be defined.
Line 8, in reply, instructs the user to enter a set of 13 input target parameters for each
target designated in line 7, one set at a time. Once all target information has been
entered (only one set in this example), the program requests the environmental param-
eters to be entered in line 9. The last input information, the output control parameters,
is requested in line 10. Once these six values have been entered, the scenario has been
defined and the engagement begins.

Prior to the occurrence of the initial selected radar scan mode, the output heading,
lines 11 and 12, is printed. Thereafter a line of output values is printed out at the ter-
minal after each radar scan occurrence, subject to the conditions defined by the output
control parameters. If no detailed output is desired, indicated by a NO answer to line 3,
both the printing of the output heading and scan output values are omitted. At the con-
clusion of the engagement, line 47 is printed, offering the user the option to save the
computer output data (from all scans actually performed for which the single-scan prob-
ability of detection equals or exceeds 0.001) on magnetic tape or disc file. (See discus-
sion of the SURSEM Executive Routine and program listing in Appendix A regarding
specification of, and writing on, magnetic tape or disc file for data storage.) Lines 48
through 50 offer the user the opportunity to perform another engagement using various
parts of the previously defined scenario, thereby limiting the amount of additional input
required. A response of YES to line 48 results in the program cycling back to line 9 and
continuing on for another engagement from that point. Thus the scenario would retain

“the radar and target parameters previously defined and require only environmental and
output control parameters (including scan modes to be used) to be entered. An answer
of NO to line 48 and YES to line 49 results in a transfer to line 6 and a request for new
radar position parameters. In this case only the basic radar and scan mode inputs from
the preceding scenario are retained. Then the program continues through lines 7, 8, 9,
10, etc., as before. A response of NO to lines 48 and 49 and a response of YES to line
50 transfer the user to line 1 at the beginning of the program to define a completely new
scenario. A NO answer to line 50 terminates the program. Note the first YES answer to
lines 48 through 50 results in a transfer to the corresponding location in the input se-
quence, and all parts of the scenario defined after that point in the input sequence must
be redefined.

2-7
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In Example 1, the output index numbers corresponding to lines 13 through 20 are
all 1. Each scan performed must result in a single-scan probability of detection of at
least .001 before it is stored for possible transfer to magnetic tape or disc file at the con-
clusion of the engagement. Currently, provision is made to store a table of up to 4000
such values during the course of the engagement. The index printed is actually the index
used to create the table, which starts with an index of 2, and its value is stepped up only
when a detection value meets the .001 criterion and is stored. However, the results of all
scans performed are printed (subject to output control parameter specifications). In this
example, the first four full lines of output, all with index 1, have corresponding single-
scan probabilities of detection less than .001 and thus were printed but not stored.

Lines 21 and 22, with an index of 2, have a corresponding single-scan probability of de-
tection of .002, and at this point the output control specification to print only every
fourth line of possible output comes into effect, along with storage of the detection data,
so that the next scan printed, lines 23 and 24, has an index of 6.

2.4 Batch Processing

The scenario input is accomplished in a batch-processing operation through the use
of data input cards that follow the program card deck. The information required is the
same as in the time-sharing version, and the same options are available. A SURSEM
FORTRAN program card deck suitable for batch processing exists at NRL. The data

cards required are described below.

Data card 1—Detailed output control integer (I5 format); 1 = detailed output to be
printed

Data card 2—Title. card, run identification (free-form)
Data card 3—Radar position (x, y, 2) in thousands of feet (3F8.2 format)
Data card 4—Eleven basic radar parameters (9F¥8.2,12,F6.2 format):

Radar frequency in megahertz

N

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

Receiver noise in dB

Horizontal 3-dB beamwidth in degrees
Vertical 3-dB beamwidth in degrees

One-way antenna gain in dB

One-way sidelobe level in dB down from peak

Receiver loss in dB

¥ ® o oew

Transmitter loss in dB
10. Number of scan modes

11. Linear polarization in degrees (0° = horizontal, 90° = vertical)

2-8
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Data cards 5 and 6 (one set for each radar scan mode)—Sixteen parameters for each
scan mode (10F8.2/6F8.2 format):
Lower boundary elevation-angle coverage in degrees
Upper boundary elevation-angle coverage in degrees
Peak power in megawatts
Pulse length in microseconds
Interlook period in seconds
Scan offset in seconds
Instrumented range in nautical miles
Mode-defendent loss in dB

Number of pulses integrated

I R A A N

[y
e

Minus log, (false-alarm probability)

Pk
[y

Compressed-pulse length in microseconds

—
N

Sea-clutter improvement factor in dB

-t
L

Intermediate-frequency bandwidth in megahertz; if 0, bandwidth will be
set at 1.0/compressed-pulse length

14. Mode-dependent frequency increment in megahertz
15. Blanking time in microseconds; if 0, set at pulse length

16. Rain-clutter improvement factor in dB
Data card 7—Number of targets (I5 format)
Data card 8—Thirteen parameters for each target (12F6,2,I3 format):

1-4. Initial coordinates x,y,z in thousands of feet and time in seconds
5-8. Terminal coordinates x,y,z in thousands of feet and time in seconds

9-11. Radar reflective areas for head-on, broadside, and minimum in square
meters

12. Jamming power density in watts per megahertz

13. Marcum-Swerling cross-section model number
Data card 9—Four environmental parameters (4F8,2 format):

Wind speed in knots
Height of wind-speed measurement in thousands of feet

Multipath indicator (1 = multipath, 0 = no multipath)

- W o

Rainfall rate in millimeters per hour

2-9
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Data card 10—Print control parameters (3¥8.2,1014 format):

LA

Lower bound for which single-scan probability of detection will be listed
Upper bound for which single-scan probability of detection will be listed
Largest cumulative probability of detection to be listed

Line print indicator; if this number were 5, then one out of every five
lines of possible output would be listed

Number of modes to be used

Mode numbers to be used

Data card 11—Recycle control parameter (I5 format):

W N

I

New radar, in which case the next data card is card 1
New targets
New environment

Run completed
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3 SURSEM PROGRAM
3.1 SURSEM Executive Routine

The SURSEM Executive Routine drives the surveillance radar systems evaluation
model. The model itself consists of a number of subroutines that perform specialized
functions; the executive routine links these routines together. The modular construction
of the model facilitates changes and additions to the existing version.

The executive routine initiates communication with the user, directly by means of a
keyboard terminal in a time-sharing system or through data cards in a batch-processing
operation. It monitors the input of scenario data (using Subroutines INITIAL, TARGETS,
and ENVIRN) and print control parameters (read directly). On the time-sharing system,
the user is given the option of having a description of the scenario parameters printed
prior to request for input. The executive routine also performs the housekeeping chores
for the model; it sets constants and conversion factors, and maintains various counters
and flags to keep track of the progress of the engagement.

Once the scenario has been defined, the executive routine calls on Subroutine
MATCH to determine the time at which each radar scan mode will first illuminate the
target. At this point program initialization is complete and the executive routine enters
its recursive portion as the engagement begins. A call to Subroutine NEXTSCN deter-
mines the scan mode that will next illuminate the target. Current engagement time now
becomes the time of occurrence of the selected scan mode. Subroutine NEWPOST com-
putes the current. position of each target in preparation for the calculation of the single-
scan probability of detection, which follows in Subroutine DETPROB. The cumulative
probability of detection (the probability that the target has been detected at least once
by this time into the engagement) is then calculated within the executive routine, which
also stores current time and single-scan probability of detection in a detection table for
optional future use.

If detailed output is desired and the conditions of the output control parameters are
met, the output data corresponding to the scan mode just processed are scaled and printed.
If the target has not yet reached its final destination, Subroutine NEXTSCN is called to
determine the scan mode that will next illuminate the target, and the sequence of events
described above is repeated.

The engagement ends when the target arrives at its terminal position. At this time
the user is presented with several options. He may specify that the detection table from
the completed engagement be saved on disk file or magnetic tape. He may conclude the
run or he may elect to repeat the engagement, changing some or all of the scenario input
parameters. The latter feature is particularly effective on the time-sharing system, in which
the executive routine queries the user as to which input parameters to change; this results
in a considerable saving of time and effort when only a limited number of parameter
changes are involved.

The dictionary of variables for the SURSEM Executive Routine is given in Table 3.1-1.

The SURSEM executive macro and Fortran flowcharts are shown in Figs. 3.1-2 and 3.1-3,
respectively.
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Table 3.1-1—SURSEM Executive Variable Dictionary

FORTRAN | Algebraic Description
Variable | Notation escrpil
ACON Constant used in sea-state calculations (see Subroutine JAM) !
|
ALPHAD Grazing angle of clutter patch (deg)
AMBN Nr Thermal noise energy (J) ‘
ANS1 Detailed output control; if YES, detailed output to be printed; !
if NO, no printed ocutput 1
ANS2 Recycle control parameter; if YES new case with new ship/ ,
target set or new case with new radar parameters, depending :
on query; if NO, continue query “
ANS3 Inpuf, parameter description control;if YES, detailed descrip-
tion of input parameters will be printed; if NO, description
skipped
BETA Constant used in sea-state calculations (see Subroutine JAM)
BVDEG B, Target elevation measured from the horizon (deg) ;
BHDEG By Target azimuth (deg)
CCM Speed of light (cm/s)
CNM Speed of light (n.mi./s)
CONV 10 log;g e, Conversion factor for converting natural logarithms to dB
CUM (1,J) Array used to store single-scan probability of detection (J = 2)
and time (J = 1) of the Ith detection event (for subsequent
use by other programs) |
CUMP | Largest cumulative probability of detection that will be listed I
DBE ' Signal energy (dB relative to a joule)
DBN Total noise energy (dB relative to a joule)
DWL (J) Frequency increment for mode J (Hz)
ENDTIME Game time limit (hr) (set in Subroutine ENVIRN to be shghtly I
greater-than time target reaches terminal position) i
FAC4 F Propagation factor to the fourth power ',
FOPIQB (4m)® | Constant :
FOPISQ (4m)% | Constant ;
GN One-way antenna gain (basic radar parameter) S
TANS Recycle control parameter; if YES, new case with new environ- .

l
i
ment; if NO, continue query ‘
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Table 3.1-1—SURSEM Executive Variable Dictionary (Continued)

- 1
. FORTRAN | Algebraic Description :
Variable Notation p
IKEYF Indicator
0 = program considering the event that is the first look at
target by a mode
1 = program considering subsequent event
i IREP Print control parameter; e.g., IREP=5 indicates that every 5th
line of output will be printed
' IREPF Counter for the number of events that are within program
print control limits
ISTEP Counter for the number of detection events (limited to 4000)
i MC Number of scan modes operational for engagement
MCC(I) Scan mode number of Jth operational scan mode
§ MUL Multipath indicator (1 = multipath, 0 = no multipath)
NSCAN Number of scan modes defined during radar input
OFR Frequency of mode under consideration (MHz)
PDCUM Cumulative probability of detection
PDSS Single-scan probability of detection
PBBS | Elevation of pencil-beam boresight for mode under considera-
| { tion (rad)
PS1 f Lower bound for which single-scan probability will be printed -
PS2 | i Upper bound for which single-scan probability will be printed
RC(1) Basic radar frequency (MHz)
RC(4) : Horizontal 3-dB beamwidth for mode under consideration
(degrees to radians)
RC(5) Vertical 3-dB beamwidth for mode under consideration
(degrees to radians)
RC(6) One-way antenna gain for mode under consideration
RC(12) Signal energy (J)
RC(14) Total noise energy (J)
RE 4/3 Earth’s radius (m)
RFR Ratio of basic frequency to frequency of mode under

' RMODE(J, 5)
]‘ SCDB

consideration
Lower elevation limit for mode J (rad)

Total sea-clutter energy (J)
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Table 3.1-1—SURSEM Executive Variable Dictionary (Continued)

FOR’_I‘RAN Algebl"aic Description 1I
Variable Notation ,
T Game time (hr)
THH Horizontal 3-dB beamwidth for basic mode (rad) ?
THV Vertical 3-dB beamwidth for basic mode (rad)
TRGP Slant range of target 1 (n.mi.)
TRGPOS(1,4) R Slant range of target 1 (n.mi.) .
TRGPOS(L,5) | Target azimuth (rad)
TRGPOS(1,6) Target elevation measured from horizon (rad) ‘
TSEC Game time (s)
v Range extent of clutter cell (m)
XJAMN Total jamming and sea-clutter energy (J)
XJAMNDB E; Total jamming and sea-clutter energy (dB relative to a joule)
XKTOMS Conversion factor (knots to m/s) ,
XNMTOM Conversion factor (nautical miles to meters) —!
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SET CONSTANTS AND
CONVERSION FACTORS

Y

SPECIFY LOGICAL UNIT FOR
OPTIONAL OUTPUT SAVED
DATA FILE(S)

ITAPE

@————7/PRINT PROGRAMIDENTIFICATION/

Y

QUERY USER:
DESCRIPTION OF INPUT
ARIABLES NEEDED?

PRINT DESCRIPTION /
OF INPUT VARIABLES
(SUBROUTINE INSTRC) /

QUERY USER:
ALREADY COMPUTED
RADAR DATA TO BE SAVED?
ANS4

Y

QUERY USER:

DETAILED OUTPUT
DESIRED?

ANS1

Fig. 3.1-2—SURSEM executive macro flowchart
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ENTER RADAR INPUT PARAMETERS
(SUBROUTINE INITIAL)

R

ENTER RADAR POSITION PARAMETERS
AND INPUT PARAMETERS FOR TARGET(S)
(SUBROUTINE TARGETS)

+v—
)

Y
ENTER ENVIRONMENTAL PARAMETERS/

{SUBROUTINE ENVIRN)

Y

INITIALIZE PRINT PARAMETERS

DETAILED
OQUTPUT DESIRED?
ANS1

ENTER OUTPUT
CONTROL PARAMETERS

DETERMINE TIME EACH W
RADAR SCAN MODE FiRST *®

ILLUMINATES TARGET
(SUBROUTINE MATCH)

Fig. 3.1-2—SURSEM executive macro flowchart (Continued)
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DETAILED PRINT OUTPUT
OUTPUT DESIRED? HoouruT
(ANS1) /

DETERMINE SCAN

MODE THAT
@————& NEXT ILLUMINATES
TARGET
% (SUBROQUTINE NEXTSCN)

v

i - | SET FREQUENCY-DEPENDENT
; RADAR SCAN PARAMETERS *

DOES
CURRENT
TIME EXCEED
MAXIMUM
ENGAGEMENT
TIME?

ISSELECTED
SCAN MODE
OPERATIONAL FOR
THIS
ENGAGEMENT?

Fig. 3.1-2—SURSEM executive macro flowchart ( Continued)
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DETERMINE CURRENT POSITION
OF ALL TARGETS
(SUBROUTINE NEWPOST)

¥
H

Y

CALCULATE SINGLE-SCAN
PROBABILITY OF DETECTION
{SUBROUTINE DETPROB)

r
Y

CALCULATE CUMULATIVE
PROBABILITY OF DETECTION

l

IS
SINGLE-SCAN
PROBABILITY OF
DETECTION -~
>'001,;7,///

Yes

DETAILED

STORE CURRENT TIME
AND DETECTION
PROBABILITY IN

DETECTION TABLE
FOR OPTIONAL
SAVE DATA

OUTPUT DESIRED?
(ANS1)

Fig. 3.1-2—SURSEM executive macro flowchart (Continued)
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OUTPUT CONTROL
PARAMETER CONDITIONS
MET?

No

SCALE OUTPUT
DATA FOR PRINTING

)

PRINT OUTPUT DATA
FOR CURRENT SCAN

HAVE DETECTION
TABLE LIMITS
BEEN
EXCEEDED?

PRINT DETECTION
TABLE EXCEEDED,
RUN TERMINATED

QUERY USER:
SAVE DATA?

WRITE TAPE

FILE

Fig. 3.1-2—SURSEM executive macro flowchart (Continued)
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QUERY USER:
IS THERE ANOTHER
ENVIRONMENT?

Yeas

QUERY USER:
IS THERE ANOTHER
SHIP/TARGET SET?

-

QUERY USER:
IS THERE ANOTHER
SET OF RADAR
PARAMETERS?

PRINT PROGRAM
FINISHED

END

Fig. 3.1-2—SURSEM executive macro flowchart (Continued)
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( ENTER )

CONV=4.342944819
RE=8392375.04
CNM=161883.56474
CCM=30000000000.
BETA=0.718565021
ACON=0.607701593
XKTOMS=0.51444444
XNMTOM=1852.
FOPISQ=157.9136706
FOPIQB=1984.401711

{o

OFR=0

READ ANS1

(CALL INITIAL) Read radar inputs,
convert units, etc,
¢ 10

( CALL TARGETS )

® 11

(CALL ENViRN)
®

Fig. 3.1-3—SURSEM executive flowchart
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9

PS1=0.
PS2=1.
CUMP=1.

I

DO 111 1C=1,NSCAN

MCC(iC)=IC
¢ 111
MC=NSCAN
ANS 12 Yes, detailed output not required
No
Read output control READ PS1,PS2,CUMP,IREP,
parameters MC,[MCC(IC),1C=1,MC}]

Yes

KCO=MC

Yes

KCO=1

PRINT PS1,PS2,CUMP,IREP,MC,
MCC(IC),IC=1,KCC

Yes

MC £ 0?

%

MC=NSCAN
MCC(1)=1

Fig. 3.1-3—SURSEM executive flowchart (Continued)
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IKEYF=0

I Determine initial time
( CALL MATCH ) at which each scan

T mode sees target

ISTEP=2

IREPF=0

PDCUM=0,

20

CALL NEXTSCN Dgtermme which scan mode
will next see target

New mode being
Yes considered

RC(1)+DWL(NEXT)#OFR

ISWIT=0

OFR=RC(1)+DWL(NEXT)
RFR=RC(1)/OFR
RC(6)=GN/RFR**2
RC(4)=THH*RFR
RC(5)=THV*RFR
PBBS=RMODE(NEXT,1)+RC(5)/2
TSEC=T *3600.

. Yes
Game over? T>ENDTIME? 110

Fig. 3.1-3—SURSEM executive flowchart (Continued)
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DO 21 1C=1,MC

Is output desired
from next mode to
see target?

NEXT=MCC(IC)

21

CCALL NEWPOSD Calculate current position
of all targets

ALPHAD=0
SIGC=0
SIG=0
AR1=0
AR2=0
V=0

l Determine single-scan
(CALL DETPROB (PDSS)) probability of detection

for primary target

Yes

ISTEP=2 Yes

?

First mode to see
target?

1

CUM(1,2)=PDCUM

PDCUM=1,-{1.-PDCUM}*{1.-PDSS)

Yes

PDS$>0.001 —

CUM(ISTEP,1)=TSEC
CUM(ISTEP,2)=PDSS
ISTEP=|STEP+1

]

Fig. 3.1-3—SURSEM executive flowchart (Continued)
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Yes, detailed output not required

ANS1#1
5
. Yes, single-scan

probability too

PDSS<PS1 small to print out

Yes, first lock at target

Yes, single-scan
probability too large

Yes, cumulative
probability too large

IKEYF=1
IST=ISTEP-1
IREPF=IREPF +1

MOD(IREPF,IREP}#0
?

BVDEG=TRGPOS(1,6)*RADIAN
BHDEG=TRGPOS(1,5)*RADIAN
DBE=CONV*ALOG[RC(12)]
DBN=CONV*ALOGIRC(14)]
SN=DBE-DBN
TRGP=TRGPOS(1,4)*6.0802

AMBNDB=CONV*ALOG[AMAX1(AMBN,1.0E-90)]
XJAMNDB=CONV*ALOG[AMAX1(XJAMN,1.0E-90)]
SCDB=CONV*ALOG [AMAX1{SIGC,1.0E-90)]
SFAC4A=CONV*ALOGIAMAX1{FAC4,1.0E-90)]

.

PRINT IST, NEXT, TSEC, TRGP, BVDEG, BHDEG,
TARCS,SFAC4,DBE,AMBNDB,SCDB, XJAMNDB,
SN,PDSS,PDCUM

~¢

80

Fig. 3.1-3—SURSEM executive flowchart (Continued)
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ISTEP <4000? Yes @

110

ISTEP=ISTEP-1

¢ 301

XJAMN=0,

READ IANS

GO TO (70,10

11,140)IANS

Make another
pass for new
radar

140 ¢

New
environ-
ment

New
target

END

Fig. 3.1-3 -SURSEM executive flowchart (Continued)
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3.2 Function BEAM

Function BEAM is used by the JAM, DETPROB, and GAIN subroutines to determine
the normalized beam pattern factor. The function is capable of handling cosecant-squared
and pencil-beam patterns. The dictionary of variables and the BEAM flowchart are pre-
sented in Table 3.2-1 and Fig. 3.2-2, respectively.

The function is called with four calling parameters: ALPHA, BETA, GAMMA, and
KEY1l. ALPHA is the angle between the pencil-beam boresight and target, measured
positively in the clockwise direction (see Fig. 3.2-1). For cosecant-squared beams ALPHA
is measured from the center of the main beam. BETA is the 3-dB beamwidth. GAMMA
is an indicator that specifies whether the beam pattern factor is being determined in the hori-
zontal or the vertical direction, and KEY1 is also an indicator that identifies the beam type.

The BEAM function uses a (sin x)/x curve to represent the horizontal and vertical
beam patterns of the pencil beam and the horizontal beam pattern of the cosecant-
squared beam. The vertical beam pattern of the cosecant-squared beam is modeled by a
main beam with a (sin x)/x representation and an extended fan above the main beam in
which the antenna gain will vary with elevation angle according to RZ/h2.

Table 3.2-1 — BEAM Variable Dictionary

FORTRAN | Algebraic

Variable Notation Description

ALPHA o Angle between boresight and target for (rad)
BETA B The 3-dB beamwidth (rad)

DBDOWN First sidelobe power level ratio

GAMMA Y Beam pattern indicator (0 = pencil beam, 1 = csc2 beam)
HOFK | )8 Angle at which the slope of the (sin px)/px beam pattern

equals zero (rad)

KEY1 Beam pattern factor indicator (0 = horizontal, 1 = vertical)
PBBS E The elevation of the “boresight” of the main beam portion of

the csc2 beam (rad)

RMODE(J,2) E, Upper elevation limit for mode J (rad)

SINC f Normalized beam pattern factor (power)
THETA 0 Normalized angular position of target (rad)
THETBK B The 3-dB beamwidth of the main beam portion of the csc2

beam multiplied by a constant % that sets THETBK equal to
twice the elevation of the pencil-beam boresight (rad)

3.2-1
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/

f a___ TARGET

RADAR HORIZON

(a)

TARGET

RADAR HORIZON

(b)

Fig. 3.2-3—Beam patterns: (a) pencil beam; (b) cosecant-squared beam

The first step in the calculation is to normalize the angle «; that is, the beam pattern
is assumed to be a (sin ka)/ka curve with a 3-dB beamwidth given by f3, so that the nor-
malized angle § on a (sin x)/x curve that corresponds to « is found from

b =S5~ « (8.2-1)

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

The next step in the calculation process depends on beam type and 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 determined from

. 02
f= (ﬂné——) (8.2-2)
unless # < 1076 or |#] > 7, in which case f is set as follows:
f=10 < 10'6) s (3.2-3)
f=fo 01>m) (3.24)

where fg;, is the input sidelobe level.

When the beam is a cosecant squared beam and the vertical beam pattern factor is
being determined, the process is more complicated. The main beam is pointed at some
angle E above the horizon (see Fig. 3.2-3). This can be expressed as a function of the
3-dB beamwidth 8 and a constant k:

_ kB
E = (3.2-5)
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The location of the point on the main beam at which the tangent to the beam is zero deter-
mines the start of the cosecant-squared portion of the beam. Assuming that 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 ¢ has a radius R or normalized power magnitude given by

. 2
R = (Smp 9> 3.2-6
=5 (3.2:6)
where
2.78
p = T (3.2-7)
and
0 =¢ - E. (3.2-8)

Expressing R in rectangular coordinates and differentiating yields

x + yy' sin p@ [cos po sinpf)] ,
7Y =9 - 0 2-
where
§ = tan-1 2
= tan"1 (3.2-10)
and
!
1 y y
po (1o, N
1+ y2e2\x x2) . (3.2-11)
or
!
r_ Xy - )
g = ——————RZ. . (3.2-12)

At the angle 6; where the cosecant-squared beam pattern starts, y' = 0. Combining Egs.
(8.2-9) and (8.2-12) and inserting y' = 0 gives

x sin pb, [cospﬁh sin Pﬂh] y
X _.4 Oh - Eay 3.2-13
R P peh p@h (peh).'z R2 ( )
or
in pf 0 in po
R = op SnPO [cosp h _sinp h] san o, (3.214)
pOy | pOn (00n)?

Substituting the expression for R found in Eq. (3.2-6) gives
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0=1+2 (cot PO - ;};) tan ¢y, . (3.2-15)

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

1 POn
cot kO — 20n =~ 3 (3.2-16)
and
tan pdy ~ pop . (8.2-17)
This reduces Eq. (3.2-15) to
202616
—-p—gi—@ =1 (3.2-18)
or
2p2¢p(¢n - E) = 8, (3.2-19)
which can be expressed as the quadratic form
2 3 _
¢p — OpE - — =0 (3.2-20)
2p2
with the root
E + (E2 +6/p2)}/?
o = ( 3 ") . (3.2-21)
Using Eqgs. (3.2-5) and (3.2-7), this can be further expressed as a function of g:
1/2
202 2
®n =% gﬁ Y L (3.2-22)
4 (2.78)2
or ‘
= B 2 1/2
o = [k + (B2 +3.1)'/2]. - (3.2:23)

The normalized beam pattern factor (power) for the vertical pattern of the cosecant-
squared beam can now be determined aecording to the position of the target. If the
target elevation is above ¢y, the antenna beam pattern factor will vary with elevation ac-
cording to the square of the cosecant:
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F@) = =% ,
where K is readily found to be
K = f(¢n) csc? ¢p (3.2-24)

and

o) = fon (S52). (3.2:25)

csee ¢
If the target elevation is less than or equal to ¢y,
. 2
f(e) = [%J . (3.2-26)

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

S T BICRLY
f®) =< .. 2.78 csc2 ¢y
sinc2 Blon - (RB12)] esc? g (Ey > ¢ > ¢p)

first sidelobe-level (o> Ey),

where the term sinc (x) = sin x/x.

This completes the computation process, and control of the program is returned to
the calling subroutine.
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Subroutine CLUTSIG is called by Subroutine JAM to evaluate the normalized reflec-
tivity og, which corresponds to given values of radio frequency (XFRE), Beaufort sea
state (XBEAU), incident angle (XANG), and the angle of linear polarization. The dictionary
of CLUTSIG variables is given in Table 3.3-1, and the flowchart is shown in Fig. 3.3-2.

Table 3.3-1 — CLUTSIG Variable Dictionary

FORTRAN

Algebraic

Variable Notation Description
ANG Linear polarization (rad) :
INDEX(L J) The INDEX (3,2) array identifies the values in the XPAR array
that straddle the values of RF, Beaufort scale, and incidence
angle that are being considered :
NDZX(I) Parameter bookkeeping array:
NDX(1) = number of RF considered
NDX(2) = number of Beaufort scales considered ;
NDX(3) = number of incident angles considered |
PAR(1) Parameter 1 is assigned the value of the RF if it is within the |
boundary values 500 to 35 000 MHz; otherwise it is a551gned
the boundary value that is closest to the RF ‘
PAR(2) Similar to parameter 1 but for the Beaufort scale with a range
of1to 6
PAR(3) Similar to parameter 1 but for 10 times the incident angle with
a range of 1° to 100° :
POLRZ Op Linear polarization (deg) (0° = horizontal)
SIGN Normalizing factor applied to TEMP ‘
i SIGOH(I, J,K) Three-dimensional array relating normalized reflectivity to
RF(I), Beaufort scale (J), and incident angle (K), for hori- .
zontal polarization ;
SIGOV(L,d,K) Similar to SIGOH but for vertical polarization
SIGZ 0o Normalized reflectivity (dB below a 1-m2 target/m?2) |
SIGZP Normalized reflectivity associated with vertical polarization
(dB below a 1-m2 target/m2) ’
TEMP Weighting function applied to the value of the normalized re-
flectivity at each vertex of a ““cube” in the SIGOV or SIGOHE
matrix; the cube surrounds the point defined by PAR(dJ) |
XANG Incident angle (rad)
XBEAU Beaufort scale %
XFRE f RF (MHz) 5
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( ENTER )

ANG=POLRZ*3.14159/180.
PAR{1)=AMAX1[500.,AMIN1{XFRE,35000.)]
PAR(2)=AMAX1[1.,AMIN1(XBEAU,8)]
PAR(3)=AMAX1[1,AMIN{IQ*XANG,100.}]

DO 101=1,3
|
ND=NDX(I)
|
K=1
C - |
30 K=K+1
PAR(I)>)§PAR(I,K> —&-
No
No

INDEX(!,1)=MAXO(K-1,1)
INDEX(1,2)=K

INDEX(1,2)#12

INDEX(1,2)=2

INDEX(1,1)=INDEX{1,2)
AND INDEX(2,1)=INDEX(2,2) AND
INDEX(3,1)=INDEX{3.2)

Fig. 3.3-2—CLUTSIG(XFRE, XBEAU, XANG, SIGZ,POLRZ) flowchart

3.3-2
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O

SIGZ=0
SIGZP=0

DO 40 1=1,2

DO 40 J=1,2

DO 40 K=1,2
I

IT1=INDEX(1,1)

IT2=INDEX(2,J)

IT3=INDEX(3,K)
IT1P=INDEX(1,3-)
IT2P=INDEX(2,3-J)
IT3P=INDEX(3,3-K)

TEMP=ABS [{XPAR(1,IT1P)-PAR(1)}* {XPAR(2,1T2P)-PAR(2)}* | Linear interpola-
{XPAR(3,IT3P)-PAR(3)}] tion for vertica
SIGZP=SIGZP-SIGOV(IT1,1T2,IT3)*TEMP polar

¢ 40

SIGZ=SIGZ+SIGOH(IT1,1T2,IT3)*TEMP Linear interpolation
Y ‘ for horizontal polar

SIGN=1.
I

DO 80 1=1,3

IT1=INDEX(I,1)
IT2=INDEX(!,2)

Yes

XPAR(I,IT1)=XPAR(/TZ)

SIGN=SIGN*[XPAR(I,IT2)-XPAR(1,1T1}]

(®)

Fig. 3.3-2—CLUTSIG(XFRE, XBEAU, XANG, SIGZ,POLRZ) flowchart (Continued)
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SIGZ=SIGZ/SIGN
SIGZP=SIGP/SIGN

IT1=INDEX(1,1)
IT2=INDEX(2,1)

IT3=INDEX(3,1)
SIGZ=SIGOH(IT1,1T2,1T3)
SIGZP=SIGOV(IT11T2,1T3)

60

1

SIGZP=10.**(SIGZP/10)
SIGZ=10.**(SI1GZ/10)
SIGZ=SQRT[{SIGZ*COS(ANG)}* *2+{SIGZP*SIN(ANG)}**2]

RETURN

Fig. 3.3-2—CLUTSIG(XFRE, DBEAU, XANG, SIGZ,POLRZ) flowchart (Continued)
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The normalized reflectivity represents the observed mean radar cross section from
each unit of area in the clutter cell; that is, if 09 = ~20 dB, each square meter in the
clutter cell will contribute a radar cross section that is 20 dB below a 1-m?2 target.

Values of oo for various radio frequencies (I), sea states (J), and incidence angles
(K) are stored in two three-dimensional arrays: SIGOH(,d,K) and SIGOV(I,J,K), cor-
responding to horizontal and vertical polarization, respectively. These values are based
on tables that were presented in Ref. 2 and have been extended for greater utility. The
range of values for the various parameters is as follows:

Parameter Range of Values
Frequency, MHz 500, 1250, 3000, 5600, 9000, 17 000, 35 000
Beaufort scale 1,2, 3,4,5,6

Incident angle, degrees 0.1, 0.3, 1, 3, 10

In its current configuration, Subroutine CLUTSIG considers only linearly polarized
radars. For a given set of parameters values of og are drawn from the SIGOH and SIGOV
arrays by means of a linear interpolation scheme. These values of the normalized reflec-
tivity are for horizontal and vertical polarization, respectively. The normalized reflectivity
for a given linear polarization angle ), is found from

. 1/2

This value of gg is returned to Subroutine JAM, thereby completing the process.
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3.4 Subroutine DETPROB

Subroutine DETPROB is called by the SURSEM Executive Routine to determine the
single-scan probability of detection for a given target position and environment. The
process is detailed and takes into account such factors as target aspect angle, target fluctua-
tions, multipath, rain attenuation, rain clutter, sea clutter, and jamming. The process is
outlined below, followed by a flowchart of the subroutine (Fig. 3.4-1) and a list of
FORTRAN variables (Table 3.4-2).

DETPROB first calls Subroutine TARSIG to compute the target’s radar cross section

o as a function of aspect angle. This is then used to determine the free-space returning
signal power at beam maximum according to

P - PpG2N26Lp L7Ly

(3.4-1)
" R4(4m)3
where
Ppr = peak power (watts)
G = one-way antenna gain (with respect to omnidirectional case)
A = radar wavelength (meters)
o = target cross section (square meters)
L, = receiver antenna losses
Lt = losses between transmitter output and free space
Ly = mode-dependent losses
R = target range (meters)
Received signal energy for a pulse of duration 7 is then given by
So = B.T. (3.4-2)

If the radar under consideration is not a pencil beam or tracking radar, adjustments
have to be made to the signal energy to account for the target’s being off 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

Sy = Solf()1%. (3.4-3)

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 [3].
‘Accordingly the total cross section is given by

R = Vm 3. 0 (3.4-4)

where Vi, is the volume of the radar resolution cell and

3.4-1
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T,
T c
Vm = (Z) RzﬂBdB (?) N (3.4‘5)
where 0p and ¢p are the horizontal and vertical 3-dB beamwidths in radians, respectively,

and 7, is the compressed-pulse length in seconds.

It can be shown that if the raindrop diameter D is small in comparison to A, then o;
can be represented by

5
o; = %— (K|2D® (3.4-6)

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 param-
eter, expressions have been developed that relate drop diameter to rainfall rate (in mil-
limeters per hour):

Z DS = 200rL6, (3.4-7)

]

Combining Eqs. (3.4-4), (3.4-5), and (3.4-6) and using a value of 0.93 for K2 gives
the total rain cross section o0p in the resolution cell as

orp = 6.706X 1078 7,05¢gR2r160-4, (3.4-8)
This expression for op 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 [4]. The data show a logarithmic relationship between attenuation and fre-
quency that can be expressed algebraically as
2a = 1.753X 1073 f1.87 (3.4-9)
where 2« is the two-way attenuation (decibels per nautical mile per millimeter per hour)

and f is the frequency in gigahertz. The two-way attenuation A, (absolute) for a given
rainfall rate r, range R (meters), and wavelength A (meters) is given by

logig Ay = -1078 RrA71-87 (3.4-10)

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 prop-
agation factor F. The rain-attenuated signal energy for IF bandwidth B is then

S = SyF4A, [min (Brpe,1)] (3.4-11)
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where the bandwidth adjustment is consistent with matched-filter analysis.

The four components that are considered to be contributory to noise energy—
thermal noise, jamming energy, sea clutter, and rain backscatter—are now computed.

Thermal noise energy is determined from
Np = F,kTy (3.4-12)

where F,, is the receiver noise figure, %2 is Boltzmann’s constant, and Ty is the system
temperature in kelvins.

Jamming energy and sea clutter are calculated by Subroutine JAM.
Rain backscatter energy is computed according to

60RpP.I.T
Ep = —21% (3.4-13)

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 reinforce-
ment regions.

The ratio of signal energy to noise energy is now determined by

% = S[(Np + Ej + E, + Ep) max (Bypr, 1)1 (3.4-14)

where E; and E, represent the jamming energy and clutter energy, respectively, and the
adjustment to the total noise energy allows for increased noise due to an unmatched IF
bandwidth. The signal-to-noise ratio is finally utilized by Subroutine MARSWR, which
provides the signal-scan probability of detection for a specified Marcum-Swerling cross-
section model. This completes the process, and control of the program is returned to the
main program.
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ENTER |

CALL TARSIG

WV L=300./RC({1)+DWL(NEXT)
' |

S=RMODE(NEXT,3)*RC(6) *RC(6) *WVL*WVL*TARCS
R=TRGPOS(1,4)
RM=R*XNMTOM
R=R*R
R=R*R
RMT=R*XNMTOM*XNMTOM* XNMTOM*XNMTOM
RC(11)=S*RC(8)*RC(9)*RMODE(NEXT,8){RMT *FOPIQB)
FHV=1,

PENCIL BEAM

RC(2)#1?

Yes

‘ FH=1.
OAV=[PBBS-TRGPOS(1,6)]

( FV=BEAM[OAV,RC(5),RC(2),1] >

FHV(1)=FH*FV

COSECANT-SQUARED BEAM

TRGPOS(1,6)< No. target out of beam

RMODE(1,2)?

.

FHV{1}=AMAX1[FHV(1), DBDOWN]

50

Fig. 3.4-1—DETPROB(PDSS) flowchart
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RC(12)=RC{11)*RMODE(NEXT 4)
TEMPWR=RC(12)
RC{12)=RC{12)*FHV(1)*FHV(1)

|
(MU LPTH(1 ,FAC)> Compute propagation factor

Compute rain cross section L

FAC4=FAC*FAC*FAC*FAC
RNCS=6.706E-6* TAU{NEXT)*RC(4)*RC(5)
*RM*RM*WVL**(-4)*ENVIR(4)**1.6

Compute two-way rain attenuation

RA=10**{-1.E-8*RM*ENVIR(4) *WVL**(-1.87)}

Compute signal energy

RC(12)=RC(12*FAC4*MINTF[RMODE(NEXT,12)*TAU(NEXT),1.] *RA

Compute system noise energy L

RC(14)=RC(3)*RC(10)
AMBN=RC(14)

CALL JAM Compute jamming and

clutter energy

RC(14)=RC(14)+RC(12)*6.*RNCS/(TARCS*FAC4)*SMODE(NEXT 2)+EJ*RA

M=IMODE(NEXT,1)*IMODE(NEXT,2)

Compute signal-to-noise ratio

SNR=RC(12)/RC(14)*FLOAT[IMODE(NEXT,2)]

(CALL MARSWRI[SNR,M,SMODE(NEXT,3), MODE L,PDSS])

RETURN

Fig. 3.4-1—DETPROB (PDSS) flowchart (Continued)
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Table 3.4-2 — DETPROB Variable Dictionary

FORTRAN Algebx.'aic Description
Variable Notation
EJ E; + E, | Jamming and sea-clutter energy
ENVIR(4) r Rainfall rate (mm/hr)
FAC F Propagation factor
FHV(1) f(6) Beam-pattern factor (power)
IMODE(J,1) n Number of pulses integrated
IMODE(J,2) max (Bip7e, 1) for mode J (rounded to nearest integer)
R R Range (n.mi.)
RA A, Two-way rain attenuation
RC(3) F, Receiver noise figure
RC(4) 0p Horizontal 3-dB beamwidth (rad)
RC(5) oB Vertical 3-dB beamwidth (rad)
RC(6) G Antenna gain, one-way with respect to omnidirectional
RC(8) Lp Receive antenna losses (dB)
RC(9) Lp Losses between transmitter output and free space
RC(10) kTy Boltzmann’s constant times system temperature
RC(11) P. Power received (W)
RC(12) S Signal energy (J)
RC(14) Nt Thermal noise energy (J)
RM R Range (m)
RMODE(J,3) P, Peak power (W) for mode J
RMODE(J,4) T Pulse length for mode J
RMODE(J,8) Ly Mode-dependent losses for mode J
RMODE(J4,12) Brr Intermediate-frequency bandwidth (Hz)
RMT R4 Range to the fourth power (m4)
RNCS oR Rain cross section for rain in resolution cell (m?2)
SMODE(J,2) I, Rain-clutter improvement factor
SMODE (J,3) P False-alarm probability
TARCS o Target cross section (m?2)
TAU(NEXT) Te Compressed-pulse length (s)
WVL A Wavelength (m)
XNMTOM Conversion factor (nautical miles to meters)
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3.5 Subroutine ENVIRN

Subroutine ENVIRN is called by the SURSEM Executive Routine. It controls the
input of the four environmental parameters: wind-speed, height of wind-speed measure-
ment, multipath indicator, and rainfall rate. The subroutine also determines the standard
deviation of the wave height by the method described below.

Burling [5] suggests the following relationships

Hq3 = 4oy (3.5-1)

where Hy /3 is the significant wave height and o}, is the standard deviation. The significant
wave height is related to the wind speed at the sea surface by

Hy3 = 2.667X10°2 V2 (3.5-2)
where V and Hy /3 are given in meters per second and meters, respectively.

Pierson [2] has shown that the windspeed at 10 meters above the surface is related
to the speed at greater heights by

10 0.09682
Vio = Vg (‘ﬁ) (3.5-3)
where Vy is the windspeed as measured at height H above the sea. Combining Egs.
(3.5-1), (3.5-2) and (3.5-3) yields (substituting V; for V)
-0.19364
o (H
o = 0.00667 (Vy) (TO—) . (3.5-4)

Before returning control of the program to the SURSEM Executive Routine,
ENVIRN also clears the initial and final altitudes of the clutter cell to zero, sets the
initial game time to the time the target leaves its initial position, and sets an indicator
that designates the target as being originally below the horizon.

The dictionary of variables used in Subroutine ENVIRN is given in Table 3.5-1. The
ENVIRN flowchart is shown in Fig., 3.5-2.

3.5-1



KAPLAN, GRINDLAY, AND DAVIS

Table 3.5-1 — ENVIRN Variable Dictionary

FORTRAN Algeb¥aic Description
Variable Notation
ENDTIME Time limit that ends run (s)
ENVIR(1) Vy Wind speed at height H (knots)
ENVIR(2) H Height of wind-speed measurement (103 ft)
SIGMAH op Standard deviation of the wave height (m)
T t Game time (hr)
TRGPOS(1,4) R Target range, set to ~1 in ENVIRN to indicate that the target
is beyond the horizon
XYZF(NUMTGT, 3) Final altitude of clutter patch (set to zero)

XYZI(NUMTGT, 3)

Initial altitude of clutter patch (set to zero)

( ENTER )

PRINT INPUT4ENVIRONMENTAL
PARAMETERS

READ,[ENVIR(I),1=1,4]

FAC4=1
ENVIR(2)=ENVIR(2)/6.0802

SIGMAH=0.00666667* [X KTOMS*ENVIR({1)] **2
*[XNMTOM*ENVIR(2)/10.] **(-0.19364)

XYZI(NUMTGT,3)=0
XYZFINUMTGT,3)=XYZI{NUMTGT,3)
T=XYZi(1,4)
ENDTIME=XYZF(1,4)*1.000001
TRGPOS(1,4)=-1.

‘ RETURN >

Fig. 8.5-2—ENVIRN flowchart
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3.6 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.

The program is called with the indicator IKEY specifying which ray is under con-
sideration (see Table 3.6-1 and Fig. 3.6-2 for the dictionary of variables and flowchart,
respectively). If a direct ray is being considered, the field strength ratio is determined 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 first target and the target
called for (ITAR) is determined. and used by the BEAM function to calculate the hori-
zontal beam pattern factor (fpr). The angle between the direct ray and the reflected ray
is then calculated according to (see Fig. 3.12-3)

2R sin Y cos ¥

sin oy = o)
Table 3.6-1 — GAIN Variable Dictionary
FORTRAN | et
ALFV oy Angle between direct and reflected rays at antenna (rad)
FH frH Horizontal beam pattern factor (power)
FHV(K) Pattern function (total) for target K
FV fev Vertical beam pattern factor (power)
GAINR f(B) Ratio of field strength in direction of specified ray to the field
strength in the beam-maximum direction
IKEY Indicator in calling sequence (0 = direct ray, 1 = reflected ray)
ITAR Target number
OAH Horizontal angle between boresight and target (rad)
OAV Vertical angle between boresight and target (rad)
RC(2) Beam pattern indicator (0 = pencil beam, 1 = csc2 beam)
RC(4) Horizontal 3-dB beamwidth (rad)
RC(5) Vertical 3-dB beamwidth (rad)
RC(7) One-way sidelobe level (v)
SRTAR R Slant range from target to reflection point (m)
TRGPOS(1,4) R Slant range of target I (m)
TRGPOS(I,5) Target I azimuth (rad)
TRGPOS(1,6) 7} Target I elevation with respect to the horizon (rad)
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ENTER

Direct or Direct

reflected ray?

]
GAINR=SQRT[FHV(ITAR)] h

ALFV=(2.*SRTAR*SINPSI*COSPSI [TRGPOS(ITAR,4)(XNMTOM)]

OAH=SMLANG[TRGPOS(1,5)-TRGPOS(ITAR,5)]

Cosecant-squared beam?

sin< 1?

PRINT
WARNING Y

40 ¢
ALFV=1,

P §
T

ALFV=ASIN(ALFV)
ALFV=TRGPOS(ITAR,B)-ALFV
OAV=SMLANG[TRGPOS(1,6)-ALFV]

RC(2)=1 Yes
) 1
' OAV=(PBBS-ALFV)

i |

Yes

I

GAINR=RC(7)

FH=BEAM[OAH,RC(4),RC(2),0]
FV=BEAM[OAV,RC(5),RC(2),1]
GAINR=FH*FV
GAINR=AMAX1[RC(7),SQRT({GAINR)]

RETURN

Fig. 3.6-2—GAIN(IKEY,ITAR, GAINR) flowchart
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This information is used to calculate the vertical angle between boresight and target.
For the cosecant-squared beam, this amounts to the angular difference between pencil-
beam boresight and the target. For the pencil beam, the beam is assumed to be on the
first target at all times, and the vertical angle between the first target and the target under
consideration 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

fe = fpufpv

and the field strength ratio from

@) = 2.

If this value exceeds the first sidelobe level, it is retained; otherwise, the field strength
ratio is assigned the value of the first sidelobe level. The first sidelobe level is also
assigned to the field strength ratio if the target is not within the 3-dB beamwidth in the
pencil-beam case.

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

Function GAM is called by several statements in Subroutine MARSWR. It is used to
evaluate the incomplete gamma function of the form

a ~u.,p
fla,p) = | &= du (3.7-1)
J, <
fla,p) =1 - f e tuf du. (8.7-2)

a

The evaluation is completed as follows: integration by parts yields

e 9P ¢ gmuyp-l
fla, p) = >t J; e du. (3.7-3)

This is a recursive process and leads to

b -a,k
fep)=1- ) 5, (3.7-4)
k=0
or equivalently to
o e 9k
fap) = ). - (3.7-5)

k=p+1

Equations (3.7-4) and (3.7-5) are the expressions that are then used by GAM to
evaluate the incomplete gamma function. The choice of Eq. (3.7-4) or (3.7-5) is
determined by the convergence characteristics of the respective summations.

It has been found that Eq. (3.7-4) converges faster than does Eq. (3.7-5) when e > p,
whereas the reverse is true when ¢ < p. Selection is made on the basis of this criterion,
and an iterative loop is set up that calculates each term of the summation. As the pro-
gram is currently configured, the loop is terminated whenever the value of an single term in
the summation is less than the accuracy of the computer that is exercising the program.
The loop involving Eq. (3.7-4) is also terminated when k& = p.

After the iterative loop is terminated, the value of GAM is determined and control
of the program is returned to MARSWR.

A dictionary of the variables used in function GAM is given in Table 3.7-1. The
flowchart is shown in Fig. 3.7-2.

3.7-1



NRL REPORT 8037

Table 3.7-1 — GAM Variable Dictionary

RORTRAN. | Mg
B a Parameter used in the incomplete gamma function
GAM f(a, p) | Value of incomplete gamma function corresponding to a and p
N p Parameter used in the incomplete gamma function
TEMP Partial sum of Z5_q e"%a*/k! or Ty ,.; e ?ak/k!
TERM - | The kth term in the above summations

3.7-2
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Nor

J=N+1

TERM=EVALI(B,J)

TN=TERM*FLOATF(J)/B

—

TEMP=SUM+TERM

No® 16

SUM=TEMP
J=J+1
FJ=J
TERM=TERM*B/FJ

TERM=EVAL(B,J)
TN=TERM

1

TEMP=SUM+TERM

Yes 20 Yes SUM-TEMP
>0
J=J+1
TERM=TERM*FJ/B
SUM=TEMP
Yes
J-1 36
>0 Fd=J
?
40
GAM=SUM GAM=1.-SUM

( RETURN }

Fig. 3.7-2—GAM(B, N, TN) flowchart
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Subroutine INITIAL is called by the SURSEM Executive Routine. Its primary pur-
pose is to establish constants, read in data, and convert variables to the correct units for
utilization by the other subroutines. (See Table 3.8-1 and Fig. 3.8-2 for the dictionary
of variables and flowchart.)

Table 3.8-1 — INITIAL Variable Dictionary

FORTRAN | Algebraic Description
Variable Notation
DWL(J) Frequency increment (MHz), mode J
iMODE(J,1) Number of pulses integrated
IMODE (J,2) max (BipTe, 1) rounded to the nearest integer
MILLION 1x 108
MM Effective number of pulses integrated
NSCAN Number of scan modes
PI T 3.1415926536
PIOVER2 w2
POLRZ Linear polarization (deg)—(0° = horizontal, 90° = vertical)
RADIAN 57.29578 deg
RC(1) f Radar frequency (MHz)
RC(2) Antenna pattern function indicator (0 = pencil beam, 1 = csc2
beam)
RC(3) Receiver noise
RC(4) Horizontal 3-dB beamwidth (degrees to radians)
RC(5) Vertical 3-dB beamwidth (degrees to radians)
RC(6) One-way antenna gain
RC(7) One-way sidelobe level
RC(8) Receiver losses
RC(9) Transmitter losses
RC(10) kT Boltzmann’s constant times system temperature (W-s)
RMODE(J,1) Lower limit of elevation angle coverage (deg) for mode J
RMODE(d,2) Upper limit of elevation angle coverage (deg) for mode J
RMODE(J, 3) Peak power (megawatts to watts)
RMODE (J,4) Pulse length (microseconds to seconds)
RMODE(J, 5) Interlook period (seconds to hours)
RMODE (J,6) Scan offset (seconds to hours)
RMODE(J,7) Instrumented range (n.mi.)
RMODE(J, 8) Mode-dependent losses
RMODE(J,11) Compressed-pulse length (us) for mode J
RMODE((J,12) Intermediate-frequency bandwidth (megahertz to hertz) for
mode J
SM Blanking time (us)
SMODE((J,1) Blanking range (n.mi.)
SMODE (J,2) Rain-clutter improvement factor
SMODE(J,3) Equivalent to XMPF
SUBC(J) Sea-clutter improvement factor
TAU Te Compressed-pulse length (s) for mode J
TWOPI 27
XMPF Negative logig of the false-alarm probability
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( ENTER )

RC(10)=290.%1.38*10.**(-23)

MILLION=1.0E+6
P1=3.1415926536
TWOPI=P1*2.0
PIOVER2=P|/2.0
RADIAN=57.29578

READ,[RC(1),1=1,9] ,NSCAN,POLRZ

NSCAN>15
?

NSCAN=15

Maximum
number of
-~ modes = 15

RC{4)=RC({4)/RADIAN
RC(5)=RC(5)/RADIAN
THH=RC(4)
THV=RC(5)
RC(6)=10.**[RC(6)/10.]
GN=RC(6)
RC{3)=10**[RC(3)/10.]
RC(7)=10**[-RC(7)/20.]
RC(8)=10**[-RC(8)/10.]
RC(9)=10**[-RC(9)/10.]

DBDOWN=RC(7)*RC(7)

®

Fig. 3.8-2—INITIAL flowchart
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®

FOR SCAN MODE J
READ,[RMODE(J,1),1=1,8] ,IMODE(J,1), XMPF,RMODE(J,11)
SUBC(J),RMODE(J,12),DWL(J),SM,SMODE(J, 2)

Interlook period

|
RMODE (J,5)=10.

RMODE(J,1)=RMODE(J,1)/RADIAN
RMODE(J,2)=RMODE(J,2)/RADIAN

Yes

|
SM=RMODE (J,4) 1

SMODE(J,1)=150.*SM/XNMTOM
SMODE(J,2)=10.**[-SMODE(J,2)/10.]
SMODE(J,3)=XMPF

RMODE(J,5)=RMODE(J, 5)/3600.
RMODE(J,6)=RMODE(J,6)/3600.
RMODE(J,4)=RMODE(J,4}/MILLION
RMODE({J,8)=10**[-RMODE(J,8)/10.]
RMODE(J,3)=RMODE(J,3)*MILLION
TAU=RMODE(J,11)/MILLION

Yes
RMODE(J,12) <0

7
RMODE (J.12)=1.0/RMODE (J,11 $

RMODE(J,12)=RMODE(J,12)*MILLION
IMODE(J,2)=MAX1[RMODE{(J,12) *RMODE(J,11)/MILLION+0.5,1.0]
RMODE(J,11)=10.**(-XMPF)
SUBC(J)=10.**[SUBC(J)/10.]

Yes
RETURN

Fig. 3.8-2—INITIAL flowchart (Continued)
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The subroutine also performs a series of checks on the input data:
1. Tt checks the number of scan modes and limits the number to 15.

2. It checks the interlook period. If the input value is less than or equal to zero,
the interlook period is set equal to 10 sec.

3. It checks the blanking time. If the input value equals zero, the blanking time is
set equal to the pulse length.

4. It checks the IF bandwidth. If the input value is less than or equal to zero, the
bandwidth is set equal to the reciprocal of the compressed pulse length.

3.8-4
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3.9 Subroutine JAM

Subroutine JAM is called by Subroutine DETPROB to determine the magnitude of
received jamming and sea-clutter energy. The subroutine can account for both self-
screening and standoff jammers.

After initializing the required variables, the subroutine considers the jamming energy
transmitted from each target. For each jammer a beam pattern factor must be determined
to account for the jammer’s being off beam center. If the antenna beam pattern has been
designated as a pencil beam, the antenna beam pattern (power) is approximated by a
[(sin kx)/kx]2 curve in both the horizontal and vertical directions. In this case a check
is made to determine whether the jammer is beyond the first null. Jammers that are not
inside the first null are assigned a corresponding beam pattern factor that is equal to the
sidelobe level. For those jammers whose angular position places them within the first
null, the function BEAM is used to determine a horizontal (fg) and vertical (fy) beam
pattern factor. The total beam pattern factor is then given by

fav = fulfv- (8.9-1)
A similar procedure is followed with the cosecant-squared beam.
The free-space jamming energy for each jammer is now found from

z GrLerijHV)\2
07" (an2)R?

(3.9-2)

where G, is the one-way antenna gain, L, is the receiving antenna loss, Ly, is the mode-
dependent loss, S; is the jamming power density, A is the radar wavelength, and R is the
slant range from radar to target.

Subroutine MULPTH is called to account for multipath effects. It calculates a one-
way amplitude propagation factor F, which is used to determine individual jamming
energy as follows:

E; = EgyF2. (3.9-3)
Total jamming energy is given by
Ny
Ery =) Ey (3.9-4)
1

where Ny is the number of jammers.

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 nor-
malized mean backscatter gg. This is performed by Subroutine CLUTSIG, which evalu-
ates 0 as a function of radio frequency, Beaufort sea state, incidence angle, and polariza-
tion orientation. The Beaufort sea state is calculated from the input wind velocity and
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the height at which the velocity measurement is assumed to take place [2]. An equiva-
lent wind speed at a height of 10 m is found from

. 0.09682
Vio = Vy (F) (3.9-5)
The Beaufort sea state is then given by
Bsg = 0.6077(Vy0)2-7186 (3.9-6)

The other parameters required by CLUTSIG (i.e., 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 (see Fig. 3.9-1). The energy received (dE) from this
element is given by

G2
dE = C — rd¢dr (3.9-7)
rh
where
PpNL,L;L
C = TN Lrlilim 00 (3.9-8)
473

and G, the antenna directional gain, is a function of the horizontal and vertical angular
displacement of the clutter cell with respect to the beam center; that is,

G=Glr+ao,¢). (3.9-9)

Here Op is the angle between the local horizontal and the target or beam center (see
Fig. 3.9-2)

hp - h
Op ~ sin-l(—TR—’ - 2%) (3.9-10)

and « is the angle between the local horizontal and the reflected ray; to a first-order ap-
proximation « is given by

h
@ ~ sin~l (E’ - 2%); (3.9-11)

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

The total sea-clutter energy is now considered to be the energy that is reflected from
an annulus (see Fig. 3.9-3) of width AR given by

AR = 1/2c¢tsec ¢ (3.9-12)

3.9-2



NRL REPORT 8037
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Fig. 3.9-1 —Differential clutter element
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¥

Fig. 3.9-2—Geometry of clutter element
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CLUTTER ANNULUS

Fig. 3.9-3— Annulus of total sea clutter
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where 7 is the pulse width and y is the grazing angle. The total sea-clutter energy is ex-
pressed as

2n  ~min(v/2aR,R+AR) 2
Cf f (G, ¢)]

E = 3 dr do (3.9-13)
¢=0 “r=min(v/2ah,R) r
where
0 =0p + o, (3.9-14)
or
9 = 0p +sin1(2 - L 3.9-15
T r 2a ( = )

and r is the range to the differential sea-clutter element.

Equation (3.9-13) can be rewritten in a simplified form through the use of a unit
gate function U.(R1, R,):

2m oo G2
E=2¢C j f Y U.(R1,R9o)drdg¢ (3.9-16)
»=0 r=0 T
where
Ry = min (R, v/2ah), (3.9-17)
Rs = min (R + AR, \/2ah) . (3.9-18)

Essentially this procedure restricts consideration of the sea-clutter return to that
from within the horizon range; that is, if the target range is greater than the horizon
range, there is no clutter return. The sea-clutter return is now considered as coming from
two distinct areas: (a) The surface area that is within the 3-dB beamwidth and (b) 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

2n bn 8
cf f -——Ug( ;,—29) U¢(—92§,f’-’2§) U.(Ry,Ro)drdé (3.9-19)

=0

where ¢g and 0p represent the horizontal and vertical 3-dB beamwidths, respectively, and
G has been assigned the value of unity or the value of G corresponding to beam center.

Equation (3.9-19) can be simplified by carrying out the integration on ¢:
* g 6
= Cop f L Up ( g B) U.(R1,R9o)dr. (3.9-20)
r=0 T 3
From Eq. (8.9-15) it is possible to express r as a function of 6:
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r(9) = 2h . (3.9-21)
sin (8 — 07) + [sin2 (0§ — O1) — (2h/a)] /2
Thus the integral of Eq. (3.9-20) can be expressed entirely as a function of r:
B ® 1 6B 7]
E, = C¢p - U, |r -3 ) r\5 U.(R1,R9)dr, (3.9-22)
: r=0 r .
or
B “ 1 ;] . ;)
E{ = Cop = U.{ max |Rq,r -5 )|» min Ro,r 5 dr .(3.9-23)
r=0 T
This can be simplified with the following definitions:
1
S1 = max| Rq,r “5) | (3.9-24)
. ]
S = min |Ro,r 5/ | (3.9-25)
Equation (3.9-23) can now be written as
Ey = Cép f ls U,(Sy, So) dr . (3.9-26)
' r=0 T
Integration of Eq. (3.9-26) yields
Ey = 5 Cop = - —15) (3.9-27)
Sy S
Similarly the energy from the remainder of the annulus can be expressed as
Ey = CS [‘n (iz - -15) - H] (3.9-28)
Ry Rj

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

1 1 1 ‘
H = 2 ¢B<—2- - ——2-) (3.9-29)
Sy S

The total sea-clutter energy can now be expressed according to
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C|5n —15—% - HS-1)|.
Ry Ry

(3.9-30)

The sea-clutter energy is further reduced by the input sea-clutter improvement factor I,

E, = El,, (3.9-31)

and the total jamming energy plus clutter energy is found from

Ejoc = E7y + E¢ . (3.9-32)

The variables used in Subroutine JAM are listed in Table 3.9-3. The flowchart is

shown in Fig. 3.9-4.

Table 3.9-3 — JAM Variable Dictionary

FORTRAN Algebl_raic Description
Variable Notation
ALPHA « Grazing angle of clutter cell (rad)
ALPHAD o Grazing angle of clutter cell (deg)
ACON Constant used in sea-state calculation
BEAUS Beaufort sea state
BETA Constant used in sea-state calculation
DBDOWN One-way sidelobe level
DC Distance to clutter cell (on 4/3 Earth’s radius) (m)
DSTAR Distance to radar horizon (n.mi.)
DWL(J) Incremental change to RF for mode J
EJ E; Jamming and sea-clutter energy (J)
ENVIR(1) Wind speed (knots)
ENVIR(2) Vi Height of wind-speed measurement (103 ft)

FH fu Normalized horizontal beam pattern factor (power)
FHV(J) fav Total normalized beam pattern factor for jammer J (power)
FOPISQ 472 Constant

FV fv Normalized vertical beam pattern factor (power)

HR hy Height of radar (m)

HT hp Height of target under consideration (m)

NUMTGT Number of targets to be considered plus one
PAH Horizontal angle between target being tracked and jamming

target (rad)
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Table 3.9-3 — JAM Variable Dictionary (Continued)

FORTRAN Algebl"ajc Description
Variable Notation
PAV Vertical angle between target being tracked and jamming
target (rad)
PBBS Pencil-beam boresight elevation with respect to the horizon (rad)
PHIB 0B Horizontal 3-dB beamwidth (rad)
PJ Sy Jamming power density (W/Hz)
POLRZ Linear polarization (deg)
R1 Rq min (slant range, horizontal range)
R2 Ro max (slant range plus pulse width, horizontal range)
RC(1) Radar frequency (Hz) for mode 1
RC(2) Antenna pattern function indicator (0 = pencil beam, 1 = csc2
beam)
RC(4) 0B Horizontal 3-dB beamwidth (rad)
RC(5) Op Vertical 3-dB beamwidth (rad)
RC(6) G, One-way antenna gain (dB)
RC(8) L, Receiver antenna loss (dB)
RC(9) Ly Losses between transmitter output and free space (dB)
RPTB r(6p/2) | Range corresponding to 6g/2 (m)
RE a 4/3 of the Earth’s radius (m)
RMODE((J,2) Upper boundary of elevation-angle coverage (rad)
RMODE(J,8) L Mode-dependent losses for scan mode (J)
RMTB r(-6g/2) { Range corresponding to —0p/2
SIGC E, Total sea-clutter energy adjusted by improvement factor (J)
SIGJAM Sy Jamming power density (W/Hz)
SIGZ 0o Normalized mean backscatter (m2/m?2)
SINALF ‘sin @« Sine of grazing angle at clutter cell
SR R Slant range of target (m)
SUBC(J) I, Clutter improvement factor for mode J
TEMPWR Signal energy with target at center of beam
THETB 0g Vertical 3-dB beamwidth (rad)
THETT ar Target elevation with respect to the local horizontal (rad)
TRGPOS R Slant range of target (n.mi.)
TRGPOS(J, 3) Height of target J (n.mi.)
TRGPOS (J,4) Slant range of target J (n.mi.)
TRGPOS(J,5) Azimuth angle of target J (rad)
TRGPOS(J,6) Elevation angle of target J (rad)
v 1/2c7sec Y| Range extent of clutter cell (m)
WVL A Wavelength (m)
WS H Intermediate parameter
XFRE RF of scan mode under consideration (MHz)
XJAMFA Ey Jamming energy from jth jammer (J)
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ENTER

EJ=0.0
FACTOR=WVL*WVL/FOPISQ*RC(6)*RC(8)*RMODE(NEXT,8)
HR=SHIP(3)*XNMTOM
SL=DBDOWN*DBDOWN
AGAIN=1
THETB=RC(5)

PHIB=RC(4)

PJ=SIGJAM{J)
SR=TRGPOS(J,4)*XNMTOM

All jammers
Yes 25 accounted
> far. Calcu-
late clutter
return,
PJ<0. AND J=1
OR
SR<0
?
OAH=SMLANG [TRGPOS(1,5)-TRGPOS(J,5)]
OAV=SMLANG[TRGPOS{1,6}-TRGPOS(J,6}]
RC(2)=1 Yes
Cosecant-squared beam? ; e \
Pencil beam OAV=PBBS-TRGPOS(J,6)
OAH<1.13*RC(4) Yes

Beyond first null? AND

OAV<1.13*RC(5)

FHV(J)=DBDOWN

Fig. 3.9-4—JAM(EJ) flowchart
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Cosecant-squared beam,
target below upper
coverage bound, and
horizontal beam shape
factor > sidelobe level?
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FH=BEAM[OAH,RC(4),RC(2),0]
FV=BEAM[OAV,RC(5),RC(2),1]
FHV{J)=FH*FV

RC{2)=1 AND
TRGPOS{1,6)<RMODE(NEXT,2)

AND FH>DBDOWN
?

FHV(J)=AMAX1[DBDOWN, FHV/(J)]

— ]
®

XJAMFA=FACTOR*PJ*FHV(J)/(SR*SR)

GALL MULPTH(J, FA(D

XJAMFA=XJAMFA*FAC*FAC
EJ=EJ+XJAMFA
XJAM=E]J

Fig, 3.9-4—JAM(EJ) flowchart (Continued)
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%

SR=TRGPOS(1,4)**XNMTOM

Wind speed ENVIR(1)<O) Yes 1
negative? <> 2

DC={1.-HR/(2.*RE)] *SQRT(SR*SR-HR*HR)

Clutter all

beyond horizon? DC2DSTAR*XNMTOM

?

SINALF=HR/SR-SR/(2*RE)

Yes
SINAI;F<0. @

ALPHA=ASIN(SINALF)
ALPHAD=ALPHA*RADIAN
TEMP=ENVIR{1)*XKTOMS*[7.5/{ENVIR{2)*XNMTOM}] **0.09682 | Sea State
BEAUS=ACON*(TEMP/XKTOMS)**BETA
XFRE=RC(1)+DWL(NEXT}

Y

GALL CLUTSIG[XFRE,BEAUS,ALPHAD,SIGZ,POLRZD

Y

V=TAU(NEXT)*CNM/[2.*COS(ALPHA}] *XNMTOM
THETT=ASIN[(HT-HR)/SR-SR/{2.*RE}]

RC(2)=1 Yes
Cosecant-squared beam? ; THETT=PBBS-DSTAR*XNMTOM/RE
1 |

SMTB=-SIN(THETB/2.+THETT)
SPTB=SIN(THETB/2.-THETT)

RADM2=SMTB*SMTB-2,*HR/RE
RADP2=SPTB*SPTB-2.*HR/RE

cr/2

r(—65/2)

r{fg/2)

Fig. 3.9-4—JAM(EJ) flowchart (Continued)
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I

| RMTB=1.E+100

1.

2.*HR/[SMTB+SQRT(RADM2)]

Yes RADM<O. No
?
RMTB=
¢ ¥

| RPTB=1.E+100 ]

~ _
2 Yes RADP2<0, No
I 2
| RPTB=1.E+100 RPTB=2.*HR/[SPTB+SQRT(RADP2)]
RPTB<0 Yes
Y 2
29 1
> — <
1
R1=AMIN1(SR,DSTAR*XNMTOM)
R2=AMIN1({SR+V,DSTAR*XNMTOM)
RMTB<O Yes
? 1
/ | RwTB-1.E+100 |
]
S1=AMAXI(R1,RPTB)
S2=AMINI{R2,RMTB)
WS=0.5*PHIB*[1./(S1*S1)-1./(S2*52)]
WR=PI*[1./(R1*R1)-1./(R2*R2)]
WS=AMAX1(0.0,WS)
ARI=WR
AR2=WS
C=TEMPWR*SR**4*SIGZ/TARCS
SIG=C
SIGC=C* [(AGAIN-SL)*WS+SL*WR)*SUBC(NEXT)]
EJ=EJ+SIGC

No

J=J+1

RETURN

Fig. 3.9-4—JAM(EJ) flowchart (Continued)
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3.10 Subroutine MARSWR

Subroutine MARSWR is called by Subroutine DETPROB. Its function is to calculate
the probability of detection, given the signal-to-noise ratio, the number of pulses inte-
grated, the probability of false alarm, and the Marcum-Swerling target model. The dic-
tionary of variables and flowchart are given in Table 3.10-1 and Fig. 3.10-2.

Table 3.10-1 — MARSWR Variable Dictionary

FORTRAN
Variable

Algebraic
Notation

Description

DEVAL(A,B,C)
DGAM(X, Y)

EO
E1
EN
ENPR
EVAL(A,B)
FA

FAN
FAPREV
FLOATF(J)
GAM(X,Y)
GAMPR

GS

H
KASE

KS
N
NPREV

PN
PYB

SNR
~ STEP
SUMLOG(K)
X
YB
YBPR

£(Y))
(Y1)
N

f(Yj+1)

A double-precision function that evaluates e_AyB /eC

A double-precision function that determinegs a value of the
incomplete gamma function with parameters X and Y

Current value of derivative of f(Y)

Incremented value of derivative

Number of pulses integrated

Probability of false alarm

Single-precision version of DEVAL

False-alarm probability expressed as an absolute value of a
power of 10

Logarithm of the false-alarm number

Probability of false alarm on previous pass through subroutine

A function which changes an integer J to floating-point form

Single-precision version of DGAM(X,Y)

Current value of f(Y)

S e T

Increment on the bias level for use with Huen’s method

Swerling fluctuation model identifier (KASE = 0 for the non-
fluctuating case)

Maximum value of summation parameter

Number of pulses integrated

Number of pulses integrated on preceding pass through
subroutine

Probability of detection

Py is the probability that there will not be a false alarm in the
false-alarm time

Ratio of signal energy to noise energy

Incremented value of f(Y)

A function that evaluates = N=1 log N for any integer K

Ratio of signal energy to noise energy

Bias level

Estimated value of bias level
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ENTER

FAN=DLOG10[DLOG(0.5)/DLOG{1.-(10.)**(-FA)}]

5
ENPR=0
$6
ENPR=FAN Number of DUISGS and
EN=N probability of false alarm
YBPR=0. have not changed from
preceding pass

NPREV=N
AND
FAPREV=FA

?

Yes 277

Yes

7 8
? W

YBPR=EN*{1.+1.3*ENPR/EN**(0.5+0.011*ENPR)}

YBPR=EN*[1.+2.2*ENPR/EN**{(2.D/3.D)+0.015*ENPR }]

L

11 1 Estimate
ENPR=10.**ENPR bias
f(Yp) GAMPR=DGAM(YBPR,N-1) Compute bias level tevel

PYB=0.5**{1./ENPR)
SUML=SUMLOGI(N-1) FlYy = P(;/n'?

GAMPR-PYB Yes .2

H=-0.01 ? H=0.01

| 1% ]
YO=YBPR
EG=DEVAL(YO,N-1,SUML)

Fig, 3.10-2—MARSWR(SNR, N, FA,KASE, PN) flowchart
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()

Y1=YO+H
A E1=DEVAL(YO,N-1,SUML)
STEP=GAMPR+H*{EOQ+E1)/2.

GAMPR=STEP 1/n’
YO=Y1 SIGNF(1.,STEP-PYB) Has [F(Y)) - Po"" ]
EQ=E1 18 -SIGNF{1.,H)=0 changed sign?

No Yes

v

YB=Y1-H*(PYB-STEP)/(GAMPR-STEP)

YB=YO+H*(PYB-GAMPR)/(STEP-GAMPR)

I

Y

BIAS=YB

I

YB=BIAS
NPREV=N
FAPREV=FA

X=SNR
K=KASE+1

l ‘Select case
GO T0O{100,200,300,400,500)K

© © 9 ® ©

Case 0 Case 1 Case 2 Case 3 Case 4

Fig. 3.10-2—-MARSWR(SNR, N,FA,KASE, PN) flowchart (Continued)
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SUM=0
P=EN*X

Yes YB-P-EN
<0?

150

| KS=—(EN+T)/24SQRTF [{{EN-1./2} *2+pryp] | SSlect maximum value

______________ I of k
A

KS=XMAXOF(KS,0}
GS=1-GAM(YB,KS+N-1,TN)
TS=EVAL(P,KS)*GS
G=GS
K=KS
TERM=TS
TL=TN

110 -~
Summation from

Kemax t0 0 TEMP=SUM+TERM

TL=TL*FLOATF(K+N)/YB
G=G-TL
K=K-1
TERM=TERM*FLOATF(K)*(G—TL}/)P*G

SUM-TEMP

Con nce
vergenc ~07

test

TL=TN*YB/FLOATF(KS+N)
K=KS+1
G=GS+TL
TERM=TS*P*G/{GS*FLOATF(K)}
> 4120
IEMP=SUM+TERM—| Summation from
Kmax t0
TERM=TERM*P*(G+TL)/G*FLOATF(K)
K=K+1
TL=TL*YB/FLOATF(K+N)
SUM=TEMP
N
A 0 SUM-TEMP Convergence

>0? test

Fig. 3.10-2—MARSWR(SNR, N, FA,KASE,PN) flowchart (Continued)
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LKS=—1.—EN/2.+SQRTF(EN**2/4.+P**YB) |

Select maximum .value

of k
------------- | N1+ i
4 KS=XMAXOF(KS,0.) . “2':" _ o e
GS=GAM(YB,KS+N-1,TN) - !
- j=0 j=N+k
GS>0 No
?
TS=EVAL(P,KS)*GS
G=GS
TERM=TS
K=KS
Summation from TL=TN
Kkmax t0 O
K=K-1
160 d—e TL=TL*FLOATF{K+N—-1)/YB
¢ G=G+TL
TERM=TERM*FLOATF(K)*(G+TL)(P*G)
TEMP=SUM+TERM ]
Yes
SUM=TEMP
4 Yes .
————————————— 166 - _————
| A
TL=TN*YB/FLOATF(KS+N)}
K=KS+1
G=GS-TL
TERM=TS*P*G/[GS*FLOATF(K)]
> 170
TERM=SUM+TERM 1 Summation
Ko R+ . from .
G=G~TL max 10

TERM=TERM*P*{G—-TL)/[G*FLOATF(K+1)]
TL=TL*YP/FLOATF(K+N) .

SUM=TEMP
A
No
SUM-T

EMP

Fig. 3.10-2—MARSWR (SNR, N, FA,KASE,PN) flowchart (Continued)
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No

N>1 1210

PN=EXPF[-YB/{1.+X)]

220

TEMP=1.+1./(EN*X)

]

PN=1.-GAM(YB,N-2,DUM)+EXPF [(EN-1.)*
LOGF(TEMP)=YB/(1.4+EN*X)] *GAM(YB/TEMP,N—2,DUM)

Case 2

No

N?/ ]

PN=EXPF[-YB/(1.+X)]

PN=1.~GAM[YB/(1.+X),N=1,DUM] 4

Fig. 3.10-2—MARSWR (SNR, N, FA,KASE, PN) flowchart (Continued)
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Case 3
2
420 ¢— l 410
PN=[1+2*X*YB/(X+2)**2] *EXPF(—2*YB/(2+X)
430 9 3
C=2./(2+EN*X)
D=1~C
Y
PN=[1+YB/(1+X}] *EXPF[-YB/{1+X}]
No
YB*D-EN<O 480
?
SUM=0,
TERM=1,
J=N
442
TEMP=SUM+TERM
SUM=TEMP
TERM=TERM*YB*D/FLOATF{J)
J=J+1
446 ¢ No
PN=1.-GAM(YB,N-2,DUMHC*YB*EVAL({YB,N-2)+
D*EVAL({YB,N-1)*[1.+C*YB-(EN-2.}*C/D] *SUM

PN=1.-GAM(YB,N-3,DUM)+YB*EVAL(YB,N-3)
*C/D+EXPF[-C*YB-(EN-2.}*LOGF(D)] *
Y [1.+C*YB-(EN-2)*C/D] *GAM(YB*D,N-3,DUM)

+

Fig. 3.10-2—MARSWR (SNR,N,FA,KASE,PN) flowchart (Continued)

3.10-7




NRL REPORT 8037

Case 4

SUM=0,
C=2./{2+X)}
D=1-C
Q=C/D
P=C*YB

l

KS=[3.*EN+{YB*D)}}/2.-SQRTF [{EN-1.+(YB*D)}**2/4.+{YBD*D) *{(EN+1.)]
KS=XMINOF(KS,N)
KS=XMAXOF(KS,0}

K=KS
J=N-KS
FKS=KS

K=XMINOF(KS,N)

Yes
YB-EN*(1+D) <0 550
?
501
GS=1.-GAM({P,2*N-1-KS,TN)
No
GS>0 526
?

TS=EXPF[FKS*LOGF{C)+(EN-FKS)*LOGF(D)+SUMLOG({N)-
SUMLOG(KS)-SUMLOG(J)+LOGF(GS)]

G=GS
TERM=TS
TL=TN

Fig. 3.10-2—MARSWR (SNR, N, FA,KASE, PN) flowchart (Continued)
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Case 4 (Continued)

A

F

LTEMP=SUM+TERM ]
SUM>TEMP No 9512
?/ SUM=TEMP
516 <
TL=TL*P/FLOATF(2*N-K)
TERM=TERM*FLOAT(K)*(G+TL}/
[Q*FLOATF{N-K+1)*G]
G=G+TL
K=K-1
< KS>N
?
518 % No
TERM=TS*Q*FLOATF(N-KS)*(GS-TN)/[FLOATF (KS+1)*GS]
G=GS-TN
TL=TN*FLOATF(2*N-1-KS)/P
K=KS+1
520
TEMP=SUM+TERMJ
< SUM>TEMP
No > 522

TERM=TERM*Q*FLOATF(N-K)*{G-TL)/
FLOATF(K+1)*G
G=G-TL

Y

TL=TL*FLOATF(2*N-1-K/P)
K=K+1

Fig. 3.10-2—MARSWR (SNR, N, FA KASE,PN) flowchart (Continued)
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Case 4 (Continued)

GS=GAMI(P,2*N-1-KS,TN)

A

GS>0
?

552 ¢ Yes
TS=EXPF[FKS*LOGF(C)+(EN-FKS) *LOGF(D)+
SUMLOG(N)-SUMLOG(KS)-SUMLOG{J)+LOGF(GS)}
G=GS
TERM=TS
TL=TN

560 |

LTEMP=SUM+TERM

SUMS TEMP SN2
?

SUM=TEMP

566

TL=TL*P/FLOATF(2*N-K)
TERM=TERM*FLOATF(K)*(G-TL)/

< KS<N [Q*FLOATF(N-K+1)*G]
Z G=G-TL
Yes § 568 KoK -1

TERM=TS*Q*FLOATF(N-KS)*(GS+TN)/

[FLOATF(KS+1)*GS]
G=GS+TN
TL=TN*FLOATF(2*N-1-KS})/P
K=KS+1

570 e
LTEMP=SUM+TEFIM—|

A

Y

p 574

TERM=TERM*Q*FLOATF{N-K}*(G+TL)/FLOATF{K+1}*G
G=G+TL
TL=TL*FLOATF(2*N-1-K)/P

K=K+1

es

- =0 <
RETURN

Fig. 3.10-2—MARSWR(SNR, N,FA,KASE, PN) flowchart (Continued)
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The subroutine is entered with a value for the exponent of the false-alarm probability.
This is initially converted to the logarithm of the false-alarm number (n') according to

1 = [_____m 2o ]
ogion = logio In (1 - Ppa) . (3.10-1)
For a pulse radar
n
n' = N (3.10-2)
and
n = the number of pulse lengths in the false-alarm time
= the number of pulses integrated
Py = the probability of false alarm during the false-alarm time (taken to be 0.5)
Ppp = the probability of false alarm at each opportunity.

Having determined the false-alarm number, the next step in the process is to establish
the bias level. This is derived for the square law of the combined detector and integrator.
Marcum and Swerling [1] have shown that the square law permits an easy solution that
differs little from the linear law. Consequently the bias level Y} is calculated from

Yy yN-1,-Y

! Y

f(Yy) = P(}/" = f TﬁTeT)T dy. (3.10-3)
0

This is accomplished through the use of an iterative procedure. An initial value for the
bias level (Y}) is calculated from equations that are fitted to curves developed by Marcum:

.
Yy = N [1 y —220 | (N> 19) (3.10-4)
N(2/8+0.015n") |
and
1.3n' ]
= —_— < . 10-
Y, = N [1 t oty | V<12 (3.10-5)

The integral of Eq. (3.10-3) is in the form of the incomplete gamma function, which is
readily integrated by using the value Y, for Y,. This value, f(Y), is compared with

P(l,/ " or f(Yp) and, if the difference is greater than zero to eight significant digits, a fixed-
step integration process (Huen’s method) is initiated. This produces an improved value
according to

F(Vn) = 1) + AX [P(¥) + F(¥)]  @=0,1) (3.10-6)
2

where
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' _ yN-leg-Y
and
Yy = Yy + AY. (3.10-8)

A value of *0.01 is currently being used for AY and has been found to provide sufficient
accuracy. The integration is continued until f(Y;) is sufficiently close to f(Y}).

Having selected the bias level, the probability of detection is now determined for
the appropriate Marcum-Swerling target case. The five cases are identified by number,
with the nonfluctuating case being designated case 0. Each case will be considered in
turn.

Case 0

The probability of detection for a target with a nonfluctuating cross section (case 0)
is given by Marcum’s Eq. (49),

) y (N-1)/2
Py = f (A—,;C) e Y-Nxpy (2 /NxY)dY, (3.10-9)
Yy
where x is the signal-to-noise ratio and I is the modified Bessel function of the first kind.

Fehlner [6] has shown that this integral can be expressed as an infinite summation
as follows:

oo N-1+k ~Ypvi
B} (Nx)* e °Y]
Py = e"Nx ) = > — (3.10-10)
k=0 Jj=0
or alternatively
) oo _Yb j
_ (Nx)* e Y,
Py =1 - ¢ Nx 2 . T E T (3.10-11)

k=0 j=N+k

It has been found that Eq. (8.10-10) converges faster than Eq. (3.10-11) if Y > N(x + 1).
The summation is carried out within the program by first identifying the maximum term
and then performing the summation about that point. For Eq. (3.10-10) the maximum
term is associated with the value of k that maximizes

(Nx)e YR
R (N-1+Ek)’

(3.10-12)

Through the use of Stirling’s approximation for the factorial, the value of k& that produces
a maximum is estimated to be
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9 1/2
N+1 _
b = — 5 ) 4 [(N > 1) + YbNx:l . (3.10-13)

For Eq. (3.10-11) the maximum term is associated with the value of % that maximizes

(Nx)e YR

B! (N+ER) ‘ (3.10-14)
This is found to be
N N2 1/2
Emax = -—(1 + §)+ (T + YbNx) . (3.10-15)

Case 1

Swerling extended Marcum’s square law results to cover fluctuating-target returns.
Case 1 applies to targets that can be considered as several large independent fluctuating
reflectors with approximately the same reflective cross section. The echo pulses are
assumed to be constant on any given scan but are independent from scan to scan. The
probability density function for the input signal-to-noise ratio is assumed to be

[uny

Wx,X) = = e *I% (x>0) (3.10-16)

K

where X is the mean signal to noise ratio over all target fluctuation. The resulting for-
mulas for the probability of detection are then given by

Y
Pp = exp \- I+ % N=1) (3.10-17)

and

Yo ,-uyN-2 Y;
-1 - e w2 1 b
Pp =1 fo (N—2)!dv+<1+m)e"p(1+x)

XJ‘Yb/(1+1/N3"€) e~VpN -2

-2y ¥ WN>1). (3.10-18)

0

Both integrals in the above equation are in the form of the incomplete gamma function
and are readily integrated through the use of the GAM function.
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Case 2

Case 2 applies to the situation in which the fluctuations are independent from pulse
to pulse and the probability density function for the input signal-to-noise ratio is given by
Eq. (97). The resulting formulas for the probability of detection are given by

Yb/(1+§) e—uuN—l
Pp=1- ‘L‘ m dv . (3.10-19)
For N = 1 this reduces to
Yy
Pp = exp “Tr %/ (3.10-20)

The integral in Eq. (3.10-19) is in the form of the incomplete gamma function, which
again can be readily evaluated through the use of the GAM function.

Case 3

Case 3 applies to targets that can be represented as one large reflector together with
other small reflectors or as one large reflector subject to fairly small changes in orienta-
tion. This type of target exhibits a probability density for the input signal-to-noise ratio
according to

W(x, &) = 25 o255 (x30). (3.10-21)
(x)

For case 3 the fluctuations are considered to be independent from scan to scan. The re-
sulting formula for the probability of detection is given by

Y, -v/(C-1) _ —
C2 J‘ b _ J‘ e-uyN-2

Ppb =1+ ———— ve~vC ———— dv du
D (C"‘ 1)N"‘2 0 0 (N" 2)!

N-2)c2 (Yo “U/(C-1) -y, N-2
+ .(____L__ f e~vC f .e;_u_' dv du
(C_l)N"l 0 (N - 2)!
Yo -u,N-1
—(N — 2 e U - .
N-1C J; - 1)1 du (3.10-22)
where
C = 1
S TENER (3:10-23)
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Fehlner [6] has shown that Eq. (3.10-22) can be expressed as follows:

cyy leT¥o N2 o Yoy]

Pp=—m—gn * 71
=0

e Y (N -2)C N=2 ,~Yu(1-C)ry, (1 — oy}
T - op? [1 Ta-o T CYb] { ; i (3.10-24)

For N = 1 this reduces to

2xYy 2Yy )
Pr =11+ exp |- 5——1 3.10-25
and for N = 2,
Yy Yy '
Py = (1 + T+ k_)exp (—1 T E) (3.10-26)

For N > 2, Eq. (8.10-24) is readily evaluated with the GAM function.

Case 4

Case 4 applies to targets that exhibit the same probability density function as those
considered in case 3 but with the fluctuations considered to be independent on a pulse-
to-pulse basis.

The resulting formula for the probability of detection is given by

N Y Yog -u (2N-1-k)
N! b8 7%y
Php=1+ ( ) VI IAY] f o1 — o du (3.10-27)
(g - 1) E k! (N - B)! o (2N-1-FR)!
where
_ 1
g8 = 1——{.—3?/—2' (3.10-28)

Equation (3.10-27) can be expressed as

N N-k -gYy j

N 1-g e 2 b(gYp)

Pp=1-gN 2 RN =) ( Z ) E 5 (8.10-29)
k=0 j=2N-k

After the probability-of-detection calculation is completed, control of the program is
returned to DETPROB.
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3.11 Subroutine MATCH
Subroutine MATCH is called by the SURSEM Executive Routine. For each scan
mode the subroutine calculates the time at which the mode first scans the target after it
has come within the instrumented range.
This is accomplished as follows: The components of vectors A and B (see Fig. 3.11-1)

are first calculated from the input initial and final position of the target and the coordi-
nates of the ship. The distance d is then calculated from

A‘B 2
d2 = 'T| - (A2 -Rj, (8.11-1)

where Rjys is the instrumented range. The ratio x/|B| is now found:

x _ distance from initial point to a range of Rins (3.11-2)
|B| distance from initial point to final point )
and is given by
x 1 (A ‘B, )
= = - — (— dj. 3.11-3
EREANE (3.11-3)

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

TARGET'S INITIAL POSITION

TARGET'S FINAL POSITION

Fig. 3.11-1 —Target-ship geometry
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th= t; + IiBl (tr - t) (3.11-4)

where t; and ¢, represent the initial and final times of the target’s trajectory, respectively.
The quantity

(3.11-5)
is found and truncated to the next lowest integer. This represents the number of scans
made by mode J during the time interval in which the target is covering the distance

from its initial point to a range of Rj,s. The time at which mode J first scans the target
after it has come within the radar’s instrumented range can now be determined.

teean (D) = Gi(J) + [N(J) + 11 At(J) (8.11-6)
where £;(J) is the starting time for mode J. This is determined by assuming that the radar
is initially scanning in mode 1 and pointing at the target. Time offsets between the modes

are provided by inputs, and the quantity Af(J) represents the interlook period for mode J.

Table 3.11-2 is a dictionary of the variables used in Subroutine MATCH. The flow-
chart is shown in Fig. 3.11-3.

Table 3.11-2 — MATCH Variable Dictionary

FORTRAN | Algebraic

Variable Notation Description

A(K) The kth component of the vector A (n.mi.)
ADOTB A-B Dot product of vectors A and B
ADOTB2 (A+B)2 | Dot product squared
AMAG2 |A2 Magnitude of A squared

B(K) The kth component of the vector B (n.mi.)
BMAG2 IB|2 | Magnitude of B squared

DISC d2B2 Quantity used in simplifying calculations
NSCAN Number of scan modes

RMODE(I,7) Ring Instrumented range (n.mi.)

RMODE(L9) tscan(J) | The time at which mode J first scans target after the target has
come within instrumented range

RMODE(J,5) At(J) Interlook period for mode J (hr)

RMODE(J,6) Time offset for mode J (hr)
SHIP(K) Position coordinates of ship (n.mi.)
TERM |dBl| Square root of DISC
UMINUS x/IB| See Eq. (112)
XN N(J) The number of scans made by mode J while the target is going
from its initial point to instrumented range
XSCAN tscan(d) | Time at which mode J first scans the target after it has come
within instrumented range (hr)
XYZF(1,K) Final position coordinates of target 1 (n.mi.)
XYZI(1,K) Initial position coordinates of target 1 (n.mi.)
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{ ENTER }

DO 10 K=1,3

A{K)=XYZI(l,K)=SHIP(K)
B(K)=XYZF(I,K)=XYZI(l,K)

1o

AMAG2=A{T)*A(1}+A(2)*A(2) +A(3}*A(3)
BMAG2=B{1)*B(1}+B(2)*B(2)+B(3}*B(3)
ADOTB=A(1)*B(1)+A(2)*B(2)+A(3}*B(3)
ADOTB2=ADOTB*ADOTB

DO 80 I=1,NSCAN

RMODE(1,9)=RMODE({l,6)-+XYZI{1,4)
R2=RMODE(!,7) *RMODE(I,7)
DISC=ADOTB2-BMAG2*(AMAG2—-R2)

Does target ever DISC=0

No

come within range? ?/

*150

RMODE(!,9)=ENDTIME+1.0

TERM=SQRT(DISC)

UPLUS=({TERM-ADOTB)/BMAG2
WMINUS=AMAX1(UMINUS,0.0)
WPLUS=AMIN1{UPLUS,1.0)

UMINUS=-1.0*(ADOTB+TERM}/BMAG2

Fig. 3.11-3—MATCH flowchart
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Additional check to
WMINUS>WPLUS

see if target comes

within range ?

@

XSCAN=XYZI(1,4) +WMINUS* [XYZF(1,4)-XYZI(1,4)]

Is target initially
within instrumented

Yes

RMODE(},9)=XSCAN
range for this mode? ?

No

XN=AINT [{XSCAN-RMODE(I,9)}/RMODE(I,5)]
RMODE(I,9)=RMODE(I,9)+XN*RMODE(I,5)

Is mode / looking at

target at the instant Yes

it comes within XSCAN=RMODE(1,9)

instrumented range?

RMODE(I,9)=RMODE((,9)+RMODE(I,5)

80

RETURN

Fig. 3.11-3—MATCH flowchart (Continued)
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3.12 Subroutine MULPTH

Subroutine MULPTH is called by Subroutines DETPROB and JAM. Its purpose is
to calculate the pattern-propagation factor (FAC) for a specified target (ITAR).

For computational purposes the atmosphere is divided into three regions: the inter-
ference region, the intermediate region, and the diffraction region (see Fig. 3.12-1). The
propagation factor is determined only for targets above the horizon—that is, in the inter-
ference region and 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 method employed to find the pattern-propagation factor for
targets in the intermediate region is an interpolation procedure that interpolates 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. Details of the analytical
process are outlined below.

The initial step in the calculation process, which is carried out for each new fre-
quency mode, is the determination of the complex dielectric constant, given by

€c = €1 — i60Ao (3.12-1)

where €7 is the ordinary dielectric constant, A is the wavelength, and o is the conductiv-
ity. Values of €1 and o as a function of frequency are given in Refs. 7 and 8. The
values used in MULPTH are given in Table 3.12-2. A linear interpolation process is used
for intermediate values.

INTERFERENCE
REGION
TANGENT RAY
ANTENNA
. - —— INTERMEDIATE
z —__ _ _ REGION
. Il ==
“z
1 DIFFRACTION
REGION

EARTH

Fig. 3.12-1—Interference, intermediate, and diffraction regions

Table 3.12-2—Values of Frequency, Dielectric Constant, and Conductivity Usedin MULPTH

f (MHz) €1 0 (mhos/m)

<1500 80 4.3
1500 to 3000 80— [0.00733(f — 1500)] 4.3 + [0.00148(f — 1500)]
3000 to 10 000 69 — [0.0005714 (f — 3000)] 6.52 + [0.001354 (f — 3000)]

3.12-1



KAPLAN, GRINDLAY, AND DAVIS

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 given by (see Ref. 8, page 141)

F=2./7X e C1%|Uy(Z1) U1(Z2)| . (3.12-2)

X is the target ground range in natural units,

X= (8.12-3)

L
L 2

where L is the natural unit of range,

4R\ 1/
L=2{—] , (3.12-4)

a

a is the Earth’s effective radius, and k& is the radar wave number multiplied by the index
of refraction at the Earth’s surface. Only the factors that are target independent—namely,
C; and Uy(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 also used in evaluating U, (Z,) in
Subroutine UFUN. The parameter A, is given by (Ref. 8, page 111)

_ 2m), 1
Aq = 2.3381 exp ( 3 )+ Hp (3.12-5)
where H is the natural unit of height,
-1/3 :
2k2 : .
H= (79) ,  (3.12-6) TARGET
p is given by
in 0
p =ikg(e, - 1)1/2 (cosG + 31en ) ,
[+

(3.12-7)

and 0 is the linear polarization.

The location of the reflection point
and the determination of the grazing
angle is the next step in the calculation
process. The ground range of the reflec-
tion point (r1) is a function of target
height (hg), antenna height (k1 ), and
target ground range (r) (see Fig. 3.12-3).
This relationship is expressed by Fig. 3.12-3—Geometrical parameters
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2r3 - 3r12 + [r2 - 2a(H; +Hy)lry + 2aHyr = 0 (3.12-8)
where
hx’
Hp = hi|1-— (i=1,2). (3.12-9)

Equation (3.12-8) has the solution

+
M =+ sgn (Hy - Hp)P cos(¢ . ”) (3.1210)
where
2 1/2
4
P = {§ [a(Hl + H9) + (%)]} . (3.12-11)
and
Qar|Hy - H
¢ = arccos(————————arl Pl3 2')- (3.12-12)

The grazing angle is then found from the approximation

h1 hy ry
tan Y ~ <1 - 7) - 20" (3.12-18)
If the grazing angle is found to be less than or equal to zero, the pattern-propagation
factor is set equal to 1 X 10720 and control of the program is returned to DETPROB. If
V is greater than zero, the divergence factor D and the path-length difference AR are
calculated according to

1/2

B hi + hso (R1 + R9)2 asin  cos ¢ (1)
b= {(1 T T ){(Rl +Rpasin § + 2R1R2] 7} (8:12:14)
and
AR = Bt B2 ' (3.12-15)
1+ (1-G)Y2
where

G = (3.12-16)

|
DS
™
= DN
w
+| 5
e RS
%)
e,
b=
[y
el
)

and Rq, Ro are slant ranges from the antenna and target to the reflection point, respectively.
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Equation (3.12-14) is a simplified version of Eq. (16) in Ref. 8, page 406, and Eq.
(3.12-15) 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 < N\/4,
the target is assumed to be in the intermediate region, and the preliminary step in the
interpolation 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 is discussed under Subroutine RNGCEN. This information is used
in the interpolation scheme for determining the pattern-propagation factor in the inter-
mediate region.

The next step in the calculation process is the computation of the complex reflection
coefficient. The reflection coefficient is related to the linear polarization, and the equa-
tions for the horizontal polarization and vertical polarization reflection coefficients are
given by

-ip, _ €e sin ¢ — (e, — cos? Y)1/2

(3.12-17)
€csin Y + (ep — cos2 Y)1/2

L, = pye

and

-igp, _ Siny — (e - cos2 y)1/2

r
h sin ¢ + (€, — cos2 y)1/2

i
it

phe (3.12-18)

where p is the intrinsic reflection coefficient and ¢ is the phase change for seawater. For
other than vertical or horizontal polarization the reflection coefficient is given as the
vector sum of the horizontal and vertical components:

. 1/2
T = pye® = [(F,, cos )2 + (T, sin 9)2] (3.12-19)

The two remaining parameters that contribute to the pattern-propagation factor are
the roughness factor and the directional field strength ratio. The roughness factor is
calculated from a formula found in Ref. 7:

2
ry = exp [—2 (2 - I;\Isln w)] ] (8.12-20)

Equation (3.12-20) 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.

H = 4% _. 3.12-21

The field-strength ratios f(§1) and f(02) for the direct and reflected rays are com-
puted in Subroutine GAIN.
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It is now possible to compute the pattern-propagation factor for the point in question
according to

f(62)

F = 1+mp

o Drs exp(~i[kgAR + ¢]) (3.12-22)

The point in question will be either 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 process is now complete, and
control of the program is returned to DETPROB.

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 procedure. 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 Uy (Z3)
for this point, and the pattern-propagation factor is calculated according to Eq. (3.12-2).
The upper bound for the interpolation procedure is the value of pattern-propagation fac-
tor that was calculated for the point with a path-length difference of A/4 [Eq. (3.12-22)].
The lower and upper bound values of the pattern-propagation factor are presented to
Subroutine INTER, which carries out the interpolation process to determine the pattern-
propagation factor at the target. This completes the calculation process, and control of
the program is returned to Subroutine DETPROB.

A dictionary of the variables used in Subroutine MULPTH is given in Table 3.12-4.
Figures 3.12-5 and 3.12-6 are macro and micro flowcharts, respectively.

Table 3.12-4 — MULPTH Variable Dictionary

romTma | st
CA Aq Function of complex dielectric constant and polarization used
in UFUN
CGAM r Reflection coefficient
CGAMH Ty Horizontal polarization reflection coefficient
CGAMV I'y Vertical polarization reflection coefficient
CTEMY €. Complex dielectric coefficient
Cu1 U,(Z,) |Parameter used in evaluating F (see UFUN)
DISP D Divergence factor
EPSI €1 Ordinary dielectric constant
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Table 3.12-4 — MULPTH Variable Dictionary (Continued)

FORTRAN Algebx:ajc Description
Variable Notation
FAC F Pattern-propagation factor
FAC1 F Pattern-propagation factor
GD f(61) Field strength ratio for direct ray
GRRAD r Ground range from radar to reflection point (m)
GRRT r Ground range to target (m)
GRTAR ) Ground range from target to reflection point (m)
GV f(0s) Field strength ratio for reflected ray
H H Natural unit of height = (2k2/a)™/3
HR hq Height of antenna (m)
HT hq Height of target (m)
ITAR Target under consideration
ISWIT Indicator takes on values 0, 1, where 0 = initial pass or new
mode, 1 = same mode as preceding pass
L L Natural unit of length = 2(ko4/a2) /3
PHIREF 0] Reflection coefficient phase angle (rad)
POLRZ 0 Linear polarization (deg) (0° = horizontal, 90° = vertical)
PTHDIF AR Path-length difference (m)
RE a 4/3 radius of the Earth (m)
RHOREF Po Intrinsic reflection coefficient
SIG1 o Conductivity (mhos/m)
SRRAD R, Slant range from radar to reflection point (m)
SRTAR R, Slant range from target to reflection point (m)
TANPSI tan Y Tangent of grazing angle
WVL A Wavelength (m)
XFRE Frequency of the next mode to be considered (MHz)
XIMCA Imaginary part of CA
XKPAR k Wave number = 27/A
XKZERO kg kng
XMUR Ts Roughness factor
XNAT r/L Ground range to target in natural units
XNAT1 Range corresponding to AR = A\/4 in natural units
XNAT2 2ry/L | Twice the horizon range in natural units
XNZERO no Index of refraction at the Earth’s surface
Z1 Zq Antenna height in natural units
72 Z2 Target height in natural units
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?

Assign constants
T

Determine complex
dielectric coefficient

1
Set parameters
for Subroutine UFUN

CALL UFUN

5

Locate reflection point.
Determine grazing angle.

Grazing
angle <0
?

Pattern-propagation factor =

Calculate field strength
ratio for reflected ray

"

Calculate field strength
ratio for direct ray

|

Calculate pattern-
propagation factor

Interference
region?

Set range equal to twice
the horizon range

CALL UFUN

Calculate pattern-
propagation factor

Interpolate

1.E-20

<

Calculate divergence factor
and path length difference

Path-length
difference
<AN4?

Compute complex
reflection coefficient

|
Compute roughness
factor

Calculate location of reflection
point and grazing angle that
corresponds to a path-length

difference of M4

>

Fig, 3.12-5—MULPTH macro flowchart
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ENTER

No First time or

No

new mode

New Mode

XNZERO=1.000313
HR=SHIP(3)*XNMTOM
RAR=HR/RE
CHR=HR(1.-RAR)
XKPAR=2.*PI/WVL
XFRE=RC(1)+DWL(NEXT)

XFRE>1500

EPS1=80
SIG1=4.3

?

No

XFRE>3000

EPS1=80.-.0073*(XFRE-1500.)
SIG1=4.3+.00148*(XFRE-1500.)

EPS1=69-.00057A* (XFRE-3000.)
SIG1=6.52+0.001354*{XFRE-3000.)

8

- = v o= o — e — -

Cl=(0.0,1.)
CTEMY=CMPLX(EPS1,-60.*WVL*SIG1)

- e e e e o . o - - - am e e w . v e w me mr ee me e e e . - -

Determine complex dielectric coefficient

Fig. 3.12-6 — MULPTH(ITAR,FAC) flowchart
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Set parameters for Subroutine UFUN

XKZERO=XKPAR*XNZERO
H=(2.*XKZERO*XKZERO/RE)**(-1./3)
XL=2[XKZERO*4/(RE*RE)] **(-1./3)
Z1=HR/H
CP=CI*XKZERO*CSQRT(CTEMY-1.)*{COS(POLRZ/
RADIAN)+SIN(POLRZ/RADIAN)/CTEMY}
CA=2.3381*CEXP(CI*2.*PI/3,)+1./(H*CP)
XIMCA=AIMAGI(CA)

CCALL UFUN(Z1,CA,CU1) )
I Determine U(Z1) for

ISWIT=1 antenna

IKEY=-1
GRRT=TRGPOS(ITAR,7)*XNMTOM

@

Locate reflection point Determine grazing angle

HT=TRGPOS(ITAR,3)*XNMTOM
HSUM=HR+HT
RAT=HT/RE
CHT=HT*(1.-RAT)

TEMP=SQRT{4/3* [RE*(CHR+CHT)+GRRT*GRRT/4.] }
TEMPHI=ACOS(2.*RE*GRRT*ABS(CHR-CHT)/TEMP*TEMP*TEMP)
GRRAD=GRRT/2.+SIGN(1.,CHR-CHT)*TEMP*COS {{TEMPHI+PI1}/3.}
GRTAR=GRRT-GRRAD
SRRAD=SQRT {HR*HR+(1.+RAR)*GRRAD*GRRAD}
SRTAR=SQRT{HT*HT+(1.+RAT)*GRTAR*GRTAR}
TANPS|=CHR/GRRAD-GRRAD/(2.*RE)

Fig. 3.12-6—MULPTH(ITAR,FAC) flowchart (Continued)
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TANPSI<0

FAC=1.E-20

COSPSI=GRRAD/SRRAD*(1.+RAR)
SINPSI=GRRAD/SRRAD*(TANPSI+HR/GRRAD*RAR)

DISP=SQRT {(1.-HSUM/RE)*PREF/GRRT
*COSPSI/[1.+TEMW/(RE *SINPSI)]}
TEMG=(2.*SINPSI/RREF)**2*PRREF
PTHDIF=RREF*TEMG/1.+SQRT(1.-TEMG)

Yes

Second pass?

Path-length difference -
>N4?
Yes

RETURN

—4 50
RREF=SRRAD+SRTAR Calculate divergence
PRREF=SRRAD*SRTAR factor and path-
"TEMW=2,*PRREF/RREF length difference

tKEY=1
CRITR=GRRT
XNAT=CRITR/XL
SINPSI=2.*WVL/4.¥*HSUM/(WV L/4.*WV L/4.+ 4. *HR*HT)

CALL RNGCEN{WVL/4,GRRAD,GRTAR,SRRAD,SRTAR.SI NPSD

CRITR=GRRT=GRRAD+GRTAR
COSPSI=SQRT(1.-SINPSI *SINPSI)
XNAT1=CRITR/XL

m

\— If path-length difference is less than
M4, calculate location of reflection
point and grazing angle correspond-
ing to AR = N4

Fig. 3.12-6—MULPTH(ITAR,FAC) flowchart (Continued)
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Compute complex reflection coefficient

CTEMW=CSQRT (CTEMY-COSPSI *COSPSI)
CGAMV=(CTEMY*SINPSI-CTEMW)/(CTEMY *SINPS| +CTEMW)
CGAMH=SINPSI-CTEMW)/(SINPSI +CTEMW)
CGAM={1.5*CLOG[CGAMH*COS(POLRZ/RADIAN)]}**2
+{CGAMV*SIN(POLRZ/RADIAN)}**2
CGAMI=AIMAG (CGAM)

Y
CGAMI>0 e

?

CGAM=CMPLX{REAL(CGAM),3.1416+CGAMI}

51 ¢ ~—
Calculate roughness factor

CGAM=CEXP (CGAM)
RHOREF=CABS(CGAM)
PHIREF=AIMAG {CLOG (CGAM)}
TEMG1=(2.*XKPAR*SIGMAH*SINPS|)**2
XMUR=EXP(-TEMG1/2)

Field strength ratio CALL GAIN(1,ITAR,GV)
for reflected ray

Field strength ratic
for direct ray

Interference region?

Twice the
horizon range

1
( CALL GAIN(0,ITAR,GD) >

-

FAC1=CABS{1.+GV/GD*RHOREF*DISP*XMUR*
CEXP[CI*(-XKZERO*PTHDIF-PHIREF)]}

Yes

FAC=FAC1

Z2=HT/H
XNAT2=2.* {SOQRT(2.*RE*CHT)+SQRT(2.*RE*CHR)}/XL

Fig. 3.12-6—MULPTH(ITAR, FAC) flowchart (Continued)
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©
CCALL UFUN (ZZ,CA,CUQ))

FAC2=2.*SQRT (PI*XNAT2) *EXP (-XIMCA*XNAT)*CABS{CU1*CU2)

Interpolate Pattern-propagation

for target
{ CALL INTER(0,FAC1,XNAT1,FAC2,XNAT2,FAC,XNAT) )

( RETURN )

Fig. 3.12-6—MULPTH(ITAR,FAC) flowchart (Continued)

Pattern-propagation factor

3.12-12
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3.13 Subroutine NEWPOST
Subroutine NEWPOST is called by Subroutine NEXTSCN and the SURSEM Execu-
tive Routine. When called by NEXTSCN, it provides position information for the primary
target (i.e., the target that is being considered for detection purposes); when called by the
Executive Routine, it provides position information for all targets.

NEWPOST first determines the ratio of elapsed time to total target time according to

t = to(J)

T = m (3.13-1)

where t is current time, to(J) is the initial or starting time for target J, and ¢7(J) is the
final time for target J.

The target coordinates with respect to the designated origin are computed from AT
as follows:

x(k, J) = xo(k, J) + AT[xfp(k, ) = xo(k, )]  (k=1,2,3). (3.13-2)

These coordinates are transformed to a radar-centered coordinate system by the following
equation:

y(k,J) = x(k, J) = x4, (R, J) (R=1,2,3). (3.13-3)
The range is then given by
3
R2 = ) [y(k d)]12. (3.13-4)
k=1

The target elevation with respect to the horizon («) is determined from approxima-
tions made to the geometry of Fig. 3.13-1. The distance D can be found from

/2

1
D [y(l,J)2+y(2,J)2] . (3.13-5)

]

It can also be represented by

D = (2agh1)!'? + (2a0hg)’? (3.13-6)

b

where ag is 4/3 of the Earth’s radius. Equation (3.13-6) can now be solved for h; to yield

2
— L - 1/2
h1 = {95'2 (ha) ] (3.13-7)

where h is in nautical miles. If it is assumed that triangle ABT is a right triangle, which
is a good approximation for targets at ranges of less than 100,000 feet, then
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T

TARGET

A
ANTENNA h

Fig. 3.13-1—Target geometry

hr - h
tan o = —p (8.13-8)
or
2
1/2
_ hr D1/2 hy
tanoz—-ﬁ -(9—5—.2 ——D-'l—l-z" . (3.13-9)
Target azimuth § is given by
y(2,dJ)
= -1 =", -
f = tan v(L,J) (3.18-10)

This completes the computational procedure in NEWPOST, and program control is
returned to the calling subroutine.

Table 8.13-2 lists the variables used in Subroutine NEWPOST. The flowchart is
shown in Fig, 3.13-3.
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Table 3.13-2 — NEWPOST Variable Dictionary

FORTRAN Algebx:aic Description
Variable Notation
BPRIME tan « Tangent of target elevation measured from the horizon
D D Ground range to target under consideration at time T (n.mi.)
DEL(I) Coordinates of target J with respect to radar at time T (n.mi.):
y(1, d) I = 1, x coordinate
¥(2, ) I = 2,y coordinate
y(3,J) I = 3, z coordinate
DOTP Dot product of vectors defined by VEL(I) and DEL(I) or
cosine of angle between the vectors
DSTAR Distance from ship to horizon (n.mi.)
DT AT Ratio of time in flight to total flight time for target under
consideration
DX ¥(1,J) | x component of DEL(I) (n.mi.)
DY y(2,J) | y component of DEL(I) (n.mi.)
DZ ¥(3,dJ) | 2 component of DEL(I) (n.mi.)
NOLD Number of targets considered on preceding pass
NT Number of targets to be considered
SHIP(4) Vhg Square root of antenna height (v/n.mi.)
T t Time for which the position of targets will be considered; set
by NEXTSCN (s)
TOLD Value of T on preceding pass (s)
TRGPOS (J,I) Position of target J at time T (n.mi.)
x(1, J) I = 1, x coordinate
x(2, J) I = 2,y coordinate
x(3, J) I = 38,z coordinate
TRGPOS(J,4) R Slant range to target (n.mi.)
TRGPOS(J,5) 0 Target azimuth (rad)
TRGPOS(J,6) a Target elevation measured from the horizon (rad)
TRGPOS(J,7) D Ground range to target J (n.mi.)
VEL(I) Coordinates of target’s final point with respect to its initial
point (n.mi.):
I = 1, x coordinate
I = 2,y coordinate
I = 3, z coordinate
VELMAG2 Magnitude of vector VEL(I)
XYZF(J,1) Final position and time for target J
XYZI1(J,1) Initial position and time for target J (n.mi.):
xg(1,J) I = 1, x coordinate
x0(2,d) I = 2, y coordinate
x0(3,d) I = 3,z coordinate
to(J) I = 4, time (s)
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ENTER

Yes

Same time as on preceding

T#TOLD
? pass through subroutine

Same number of targets
Yes or less

RETURN

NT<NOLD
?

N1=NOLD+1

1

NOLD=NT
TOLD=T

DO 90 J=N1,NT

DT=[T-XYZI(J,4)]/IXYZF (J,4)-XYZI (J,4)]
DOTP=0

DO 51=1,3

TRGPOS (J, 1) =XYZI (J,1)+DT*[XYZF (J,1)-XYZ! (J.1)]
DEL (1)=TRGPOS (J,1)-SHIP (1) New;fr:gft
DOTP=DOTP+[DEL (1) *VEL(1)] coordinates

$5

DSTAR=95,2*SHIP(4)

DX=DEL{1)

DY=DEL(2)

DZ=DEL(3)

D=SQRT(DX*DX+DY*DY)
DHALF=SQRT(D)
TRGPOS (J,4)=SQRT (DX*DX+DY*DY+DZ*DZ)
TRGP0OSJ,7)=D

DOTP=DOTP/[SQRT(VELMAG2)*TRGPOS (J,4)]

®

Fig. 3.13-3—NEWPOST(NT) flowchart
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No

D>0.00001
?

|

es, not

TRGPOS({J,6)=PIOVER2

overhead

B=DHALF/95.2-SHIP (4)/DHALF
BPRIME =TRGPOS (J,3)/D-B*B

Target out of sight

TRGPOS{J,4)=-TRGPCS({J,4)

BPRIME<O.
AND D>DSTAR?

TRGPOS(J,6)=ATAN (BPRIME)

30 ¢

Yes

L

ABS (DX)>0.000001

BTEMP=ATAN (DY/DX)

BTEMP=PIOVER2

BTEMP=BTEMP+PI

| BTEMP=-PIOVER2 |

Y

40

|

BTEMP=0.0
?

| BTEMP=BTEMP+TWOPI

TRGPOS (J,5)=BTEMP

90

{ RETURN )

Fig. 3.13-3—NEWPOST(NT) flowchart {Continued)
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3.14 Subroutine NEXTSCN

Subroutine NEXTSCN is called by the Executive Routine. Its primary function is to
determine which scan mode will next try to see target 1 and to increment game time to
correspond with this event. NEXTSCN also determines the range, azimuth, and elevation
of target 1 at this instant.

This is accomplished by considering the time at which each scan mode will next see
the target and by selecting the mode that has the shortest time until target illumination.
Subroutine NEWPOST is then called to calculate the range, elevation, and azimuth of the
target that correspond to the time at which the selected mode next sees the target. This
essentially completes the process; however, checks must be made to ascertain that the
target is (a) above the radar horizon, (b) within the 3-dB beamwidth for a pencil beam or

within the first null for a cosecant-squared beam, (c) within instrumented range, and (d) be-

yond minimum range. If these conditions are satisfied, control of the program is returned
to the Executive Routine. If not, the scan mode with the next shortest time until target
illumination is addressed, and this procedure is continued until all conditions are met or

the game time is exceeded.

See Table 3.14-1 for the variables used in NEXTSCN. The flowchart for this sub-
routine is shown in Fig. 3.13-2.

Table 3.14-1 — NEXTSCN Variable Dictionary

FORTRAN Algebl.‘aic Description
Variable Notation
ENDTIME Time at which game is ended (s)
NSCAN Number of scan modes
RC(2) Antenna pattern function indicator (0 = pencil beam, 1 = csc?
beam)
RC(5) 3-dB vertical beamwidth (rad)
RMODE(J,2) Upper elevation coverage for mode J
RMODE(J, 5) Interlook period for mode J (s)
RMODE(J,7) Instrumented range for mode J (n.mi.)
RMODE((J,9) Next time at which scan mode J will see target (s)
SMODE(J,1) Minimum range (n.mi.)
T Current game time (s)
TMIN Minimum value of RMODE (J,9) when all scan modes are
considered (s)
TRGPOS(1,6) E Target elevation (rad)
TRGPOS(J,4) R Range to target J (n.mi.); set negative in NEWPOST if target is
beyond horizon
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ENTER

TMIN=1,E38
NEXT=0

DO 20 J=1,NSCAN

Yes
RMODE(J,9)=TMIN
Select lowest time for next
TMIN=RMODE(J,9) look time from all modes
NEXT=J
* 20
T=TMIN
J=NEXT
| . Increment next look
RMODE(J,9)=RMODE (J,9)+RMODE (J,5) time by interpulse
time
Calculate R, E, 6 based on time T
No Yes

TRGPOS({1,4)>0.0 Target above horizon

T<ENDTIME
Game ?

not over

TRGPOS(1,6)>RMODE{J,1)
-RC(2)*0.63*RC{5).AND.TRGPOS(1,6)<
RMODE(J,2).AND.TRGPOS(1,4) <RMODE(J,7)

Check minimum
range, maximum
range, and
elevation

{ RETURN )

Fig. 3.14-2—NEXTSCN flowchart
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3.15 Subroutine RNGCEN

Subroutine RNGCEN is called by Subroutine MULPTH. Its function is to determine
the location of the reflection point on a 4/3 Earth’s radius, corresponding to a path-length
difference of A/4. This information is utilized in evaluating the propagation factor in the
intermediate region.

The subroutine is entered with a value of sin { that corresponds to the flat-Earth
solution to the problem:

/)‘) hr + he (3.15-1)

siny = 2(&) LM
\4/ \/a)2 + ahhy

where A\/4 represents the path-length difference and h,, h; are defined in Fig. 3.15-1. This
value of sin { is used to calculate the path-length difference A from the following equa-
tion, whose development will be discussed later:

4 sin ¢
= . (3.15-2)
1 + [1 + (2hy/asin2 y)]V/2 L L1+ @hya sin2 ) ]4/2
hr ht
The function f, defined as
F=a-1%, (3.15-3)

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

$in Ynew = sin Youd — f[m]- (3.15-4)

A new value of A is then computed using sin Ynew, and this process is continued until
the convergence criterion |f| < A/40 is satisfied. When this occurs, the corresponding
values of r1, rg, R1, and Rg are calculated and control of the program is returned to
MULPTH.

TARGET

RADAR

ny

Fig. 3.15-1—Flat-Earth geometry
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Equation (3.15-2) is developed as follows: From Fig. 3.15-2 it is seen that

1/2
R =[R2 + RZ + 2R R, cos 2¢] ! (3.15-5)
2 1/2
= [(R1 + R2)?2 - 2R1R3(1 - cos 2¢))] (8.15-6)
= 2 Ty 1/2
= [(R1 +R2)? - 4R1Rgsin2 y] . (3.15-7)

Equation (8.15-7) can be rewritten as

1/2
4R{Rg sin?
R = (R; +Ry) [1 - —(El—?—;l-ri)—z—‘lf] , (3.15-8)
1t Rg
and since A = R — (R1 + R9),
SRRy s 2 g1/
A= (Ry +Rg) <-1 + [1 - ——1—2—-833—5—-] : (3.15-9)
. (B1 + R2)
or
4R1Rj sin2 Y)/(R1 + R2)? -
A = (R +Ry) (AR1 R, sin” $)/(Ry * Ro) . (81510)

{1 - [(4R1R2 sin2 ¥)/(Rq +R2)2]}1/ 21

When the path-lehgth difference is close to A/4, sin Y =~ 0, and consequently Eq.(3.15-10)
can be simplified to

sin2 ¥ . (8.15-11)

TARGET

Fig. 3.15-2—Spherical-Earth geometry
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In order to reduce Eq. (3.15-11) to Eq. (3.15-2), R; and Ry must be expressed in terms
of hy, hs, and sin Y. This is accomplished as follows: From Fig. 3.15-2 observe that

. hZ - R% + 2an, h, [h, R,
sin § = 5R,a = R—l ('2—; + 1) T 94" (3.15-12)
Neglecting h,./2a gives
. _ hr Ry
sin 1,!/ = IT{ -QE . (3.15-13)
Applying the quadratic formula to Eq. (3.15-13) yields
2h,
Ry = e (3.15-14)
sin y + [sin? ¢ + (2h,/a)]
Similarly
2hy
Ro = (3.15-15)

sin ¢ + [sin2 ¢ + (2h;/a)]V?
The above substitutions reduce Eq. (3.15-11) to Eq. (3.15-2).

The variables used in the RNGCEN subroutine are listed in Table 3.15-3. The flow-
chart is shown in Fig. 3.15-4.

Table 3.15-3 — RNGCEN Variable Dictionary

FOR’.I‘RAN A_‘lgebx.*aic Description
Variable Notation
DELT A4 Wavelength divided by four (m)
HR h, Height of antenna (m)
HT h Height of target (m)
R1 Rq Slant range from radar to reflection point (m)
R2 Ry Slant range from reflection point to target (m)
RE a 4/3 of the Earth’s radius (m)
S sin Sine of the grazing angle
SR1 r Ground range from radar to reflection point (m)
SR2 ro Ground range from reflection point to target (m)
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( ENTER )

1=0

-F

ASS=RE*S*S
V1=SQRT (1.+2.HR/ASS)
V2=SQRT(1+2.HT/ASS)

V=(1.+V1)/HR+(1.4+V2)/HT
F=4.*S/V-DELT
FP=4.*V+8./ASS*(1./V1+1./V2)
FP=FP/(V*V)
S=S-F/FP

Has process No

|fI<DELT/10.

converged? N

ASS=RE*S*S
T=2.*HR
R1=T/[S+SQRT(ASS+T)/RE]
T=2.*HT
R2=T/[S+SQRT (ASS+T)/RE]
SR1=SQRT[(R1*R1-HR*HR)/(1+HR/RE)}]
SR2=SQRT([(R2*R2-HT*HT)/(1+HT/RE)]

( RETURN )

Fig. 3.15-4—RNGCEN(DELT,SR1,SR2,R1,R2,8S) flowchart
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3.16 Subroutine TARGETS

Subroutine TARGETS is called by the SURSEM Executive Routine. Its primary
function is to read and list position and timing data for each target. The data are also
modified for compatibility with other subroutines; that is, position data in thousands of
feet are converted to nautical miles, time in seconds is converted to hours, and watts per
megahertz are converted to watts per hertz.

Subroutine TARGETS also sets up a dummy target used to locate a clutter cell. This
target is assigned the x and y coordinates, and the initial and final times of target 1. Its
elevation is assumed to be zero.

In addition, the subroutine determines coefficients used in Eq. (3.16-1) for calculating
the target’s radar cross section as a function of aspect angle. This calculation is performed
by Subroutine TARSIG. Equation (3.16-1) was developed under the assumption that the
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 26,
cos 48, and cos 80, where 0 is the angle between the line of sight to the target and the
target’s broadside axis (see Fig. 3.17-3):

0(0) = Ajcos20 + Agcos40 + Agcos 80 + Ay . (3.16-1)
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 ¢(0) is differen-
tiated and expressed in terms of cos 0 and sin 20, that is,

0'(0) = 241 sin 20 + 8A3(2 cos2 0 — 1) sin 26
+82A3(16 cos8 0 — 24 cost 6 +10 cos2 6 — 1) sin 20 . (3.16-2)
It is now assumed that the minimum radar cross section occurs at § = w/3, or 60
degrees off broadside. (This is consistent with measurements made on the type of air-
craft that is normally encountered in applications of the program.) Setting ¢’ = 0 and
cos f = —1/2 in Eq. (8.16-2) yields
443 — 249 + A1 = 0. (3.16-3)

For 6 = 0, the radar cross section is given by the input value for the broadside cross
section B. These values together with Eq. (3.16-3) reduce Eq. (3.16-1) to

0(0) = 349 — 3A3 + 449 = B. (3.16-4)

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

-Ag + BAg + A4 = N. (3.16-5)

For § = m/3, the radar cross section is given by the input minimum value M. This yields
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-34A9 + 3A3 + 244 = 2M. (3.16-6)
Solving Eqs. (3.16-3) through (3.16-6) for A1, Ag, Ag, and Ay gives the following results:

B + 2M

4y = B2 (3.16-7)
B + 3N — 4A

Ay = 5 4, (8.16-8)

Ag = DAg — N + Ay, (3.16-9)

Al = 245 — 443 (3.16-10)

Equations (3.16-7) through (3.16-10) are the expressions that are found at the end of the
subroutine. The values generated are passed to Subroutine TARSIG for computing the
radar cross section.

The reader is referred to Table 3.16-1 for a dictionary of the variables used in
TARGETS. The flowchart for this subroutine is shown in Fig. 3.16-2.

Table 3.16-1 — TARGETS Variable Dictionary

SIGTAR(L,J)

XYZF (J,K)

XYZI(4,K)

(5]

FomTRN | i
A(I) A; Weighting factors used in determining the radar cross section
(RCS)
MODEL(J) Marcum-Swerling cross-section model indicator
NUMTGT Number of targets
SIGJAM(J) Jamming energy for target J (W/MHz or W/Hz)

Radar cross section for target I (m2):
J = 1, head-on RCS
J = 2, broadside RCS
J = 3, minimum RCS

Final coordinates for target J:

K = 1, x coordinate
K = 2,y coordinate » (103 ft or n.mi.)
K = 3,z coordinate
K = 4, time (s or hr)

Initial coordinates for target J
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( ENTER )
PRINT SHIP X,Y,Z
COORDINATES
READ
[SHIP(1},1=1,3]

DO 301=1,3

SHIP(1)=SHIP(1)/6.076

’ 30
SHIP(4)=SQRT[SHIP(3)]

| PRINT YOU HAVE
ENTERED ZERO
TARGETS

5
PRINT NUMBER
OF TARGETS

/ READ NUI\/ITGT/

NUMTGT>0
?

NUMTGT=9

PRINT NO MORE THAN NINE
TARGETS ALLOWED

Fig. 3.16-2—TARGETS flowchart
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DO 50 J=1,NUMTGT

READ, [XYZ1{J,1),1=1,4), [XYZF{J,1),1=1,4]
[SIGTAR(J,1),1=1,3] ,SIGJAM (J), MODEL (J)

DO 351=1,3

XYZ1{J, 1) =XYZI(1,4})/6.0761
XYZF(J,1)=XYZF(l,J)/6.0761

¢* 35

XYZI(J,4)=XYZ1{J,4)/3600
XYZF (J,4)=XYZF (J,4)/3600
SIGJAM(J)=SIGJAM{J)/1.0E+6

NUMTGT=NUMTGT+1
XYZIH{NUMTGT,1)=XYZI(1,1)
XYZI (NUMTGT,2)=XYZI (1,2)
XYZIH{NUMTGT,4)=XYZI (1,4)
XYZF(NUMTGT, 1)=XYZF(1,1)
XYZF (NUMTGT,2)=XYZF(1,2)
XYZF (NUMTGT,4)=XYZF (1,4)

SIGJAM(NUMTGT)=0

Set up dummy
target for clutter
cell

A(4)=[2.SIGTAR(1,3)+SIGTAR(1,2)1/3.

A(3)=[3.*SIGTAR(1,1)+SIGTAR(1,2)-4.*A(4)]1 /12.

A(2)=5*A(3)-SIGTAR{1,1)+A(4)
A{1)=2.*A(2)-4.*A(3)

( RETURN )

Fig. 3.16-2—TARGETS flowchart (Continued)
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3.17 Subroutine TARSIG

Subroutine TARSIG (Table 3.17-1) is called by subroutine DETPROB. TARSIG’s
primary function is to determine the target’s radar cross-section as a function of aspect
angle. (See Fig. 3.17-2 for the subroutine flowchart.)

The radar cross section for an aspect angle 0 is given by
F() = Aj cos20 + Agcos40 + Agcos 80 + Ay.

The cos 2k0 functions generate a lobing structure that is weighted by the A; coefficients.
The coefficients A; are functions of the input values of the target’s head-on and broadside
radar cross-section, and the minimum radar cross-section that is encountered over the
range of aspect angles. The angle 8 is the angle between the line of sight to the target
and the target’s broadside axis (see Fig. 3.17-3), and the coefficients A; are determined

in subroutine TARGETS.

Table 3.17-1 — TARSIG Variable Dictionary

FORTRAN Algebl.raic Description
Variable Notation
A(D) Constants determined in Subroutine TARGETS
DOTP cos 0 Cosine of the angle between the line of sight to the target and
the target’s velocity vector

TARCS o(6) Target cross section (m?2)
TEMP (2) cos 26
TEMP(3) cos 40
TEMP(4) cos 86

TEMP(1)=DOTP

DO 10 1=2,4

TEMP(1)=2*TEMP (1—1)**2—1

$ 10

TARCS=A(4)+A(3)*TEMP(4)+A(2)*TEMP (3)—A(1)*TEMP(2)

RETURN

Fig. 3.17-2—TARSIG flowchart
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Fig. 3.17-3—Target geometry
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3.18 Subroutine UFUN

Subroutine UFUN is called by Subroutine MULPTH to calculate the U functions that
are used in determining the pattern-propagation factor F in the diffraction region. The
~ equation as given by Kerr [8] for the pattern-propagation factor in the diffraction region
is

F = 2(aX)2 XUy (21) U1 (Zo)
and UFUN evaluates the function Uy(Z) for the values of Z given in its calling sequence.
The term Z is alternatively assigned the height of the radar (Z1) and the height of the

target (Z3) in the so-called natural units discussed in Section 3.12.

The rationale followed in evaluating U(Z) is as follows: The term Uj(Z) can be
expressed in terms of the function hg(x). This is found (see Ref. 8, page 109) to be

ho(Z + A4)

U1(Z2) = i
1(Z2) = i oAy

The quantity A1 is calculated in MULPTH and corresponds to CA in the calling sequence,
and h indicates the derivative of ho.

The function hg(x) can in turn be expressed in terms of Airy functions:
ho(x) = i24/331/6 Aj(xemil3),

Expressions for evaluating the Airy functions are found in Ref. 9. The Airy function is
expressed as

Ai(z) = c1f(2) — c28(2)
where f(z) and g(z) are given by power series for small values of |z]:

1 14 o . 1:47
fla) = 1 + 3y 2% + Gy 2% + =

2 25 2:5-8
g(z)=Z+Z!-z4+ i 27 + o1 210 4+ ...

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

n-1/25-1/40-u Z (~1yenpuk
0

Ai(z) ~ 5

where
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The variables used in Subroutine UFUN are listed in Table 3.18-1. The calculation
. procedure is outlined in the macro flowchart shown in Fig. 3.18-2 and detailed in

3/2
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I'(3k +1/2)
5AkRIT(k + 1/2)

ng =

Fig. 3.18-3.
Table 3.18-1 — UFUN Variable Dictionary
FORTRAN Algebx:aic Description
Variable Notation
CA A; Function of complex dielectric constant and polarization,
evaluated in MULPTH
CAl A;eiT/3 (argument of Airy function)
CA13 (Aqeim/3)3
CAl4 (Aqeim/3y~1/4
CAIR The kth term of asymptotic expansion of Airy function with
argument (Z; + Aq)ei™3
CAIRP The kth term of asymptotic expansion of derivative of Airy
4 function with argument (4)ei™/3
CANS U; U function used to determine propagation factor in diffraction
region
cc 1/27-1/2(CZ)~4e K
CCP -1/27~1/2(CAI)L/4e 1
CDA 2/3(Aqein/3)3/2
CDZ 2/3[(Z; + Ay)ein/3]3/2
CF1 fl(Z; + A1)ei™/3] summed to the kth term
CFIP f'1A1ei™3] summed to the kth term
CGI g1(Z; + A1)e'™ 3] summed to the kth term
CGIP g'[A1ei™3] summed to the kth term
CH2 ho(Z1 +A1q)| h Function used in determining Uy
CH2P h5(A1) | Derivative of h function
CI i V-1
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Table 3.18-1 — UFUN Variable Dictionary (Continued)

FORTRAN

Algebraic

Variable | Notation Description
COLDA Previous value of CANS
CXP3 eim/3
CcZ (Z2 + A1)ei™3 (argument of Airy function)
CZ3 [(Z; + Ap)einl8]3
CZ4 [(Z; + Ap)ein/3]71/4
I k Counter indicating which term of the power series or asymp-
totic expansion is under consideration
IKEY Indicator that determines which expansion to use for Airy
functions:
(0) |CZ] and |CA1l| < 3
1) ICZI> 3
(2) ICA1|>3
(3) ICZ| and |CA1| > 3
ISWIT Indicator takes on values of 0, 1, where 0 = initial pass or
new mode, 1 = same mode as previous pass
OLDZ Value of Z on previous entry to UFUN
RTPI VT
XC1 c1 Constant used in evaluating Airy function
XC2 co Constant used in evaluating Airy function
XMUL1 Coefficient of kth term of power series for f(z)
XMUL2 Coefficient of kth term of power series for g(z)
Z Z; Height of point in space under consideration
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Yes
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ENTER

Set constants

Is

—~ i=it]

Evaluate /th term of
asymptonic expansion

Has desired
accuracy been
achieved?

No

?

i=itl |-

Evaluate ith term of
power series

Has desired
accuracy been
achieved?

Form complex
sum and evaluate
ha(Z+A1) and hy(A4)

Evaluate U1(2)

( RETURN )

Fig. 2.18-2—UFUN macro flowchart
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ENTER

ISWIT=1

Yes

First time or

Cl=(0.,1.)
XC1=.3550280539
XC2=.2588194038

RTPI=SQRT(PI)
CXP3=CEXP(CI*Pi/3))
CA1=CA*CXP3
OLDZ=0

new mode?

r -0~

CANS=COLDA

RETURN

oLDZ=Z
CZ=(Z+CA}*CXP3
IKEY=0

Same height?

IKEY=IKEY+1

Yes
CABS(CA1)>3

IKEY=IKEY+2

Yes

ISWIT=1
AND

IKEY=1
?

Fig. 3.18-3—UFUN(Z,CA, CANS) flowchart
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CZ3=CZ*CZ*CZ
CA13=CA1*CA1*CA1
CFi=1
CFIP=0
CGI=CAl
CGIP=1,
CFM=1
CFPM=1./CA1
CGM=CZ
CGPM=1
XMUL1=1
XMUL2=1
=0

©

I=141
XMULT=XMUL1/{3*1*(3*I-1)}
XMUL2=XMUL2/{3*I+1)*3*}

CFM=CFM*CZ3

CFPM=CFPM*CA13*(3*)/MAX (1,3*1-3)

CGM=CGM*CZ3
CGPM=CGPM*CA13*(3*1+1)/(3*]-2)
CE=XMUL1*CFM
CFP=XMUL1*CFPM
CG=XMUL2*CGM
CGP=XMUL2*CGPM
CFI=CFI+CF
CFIP=CFIP+CFP
CGI=CGI+CG
CGIP=CGIP+CGP

Fig. 3.18-3—UFUN(Z, CA, CANS) flowchart (Continued)
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[ IKEY1=IKEY+1 1

| GO TO (22,23,24) IKEY1

IKEY=0 IKEY=2
IKEY=1

22

Ai{Z+A)nth term

- . +
A;(Z+A)n terms A;(Z+Alnth term

A;(Z+A)n terms

A} (A7)nth term
A;.(A) term

< .005

Aj(A)nth term
AjlAYn terms

Check accuracy

CDZ=2/3*CEXP{1.5*CLOG(CZ)}
CDA=2/3*CEXP{1.6*CLOG(CAT}}
CZ4=1./CSQRT {CSQRT(CZ)}

Initialize CA14=CSQRT{CSQRTI(CA1)}
asymptotic CCE=CEXP(-CDZ)
expansion for CCEA=CEXP(-CDA) .
A|ry function cc =.5*CZ4*CCE/RTP| @

CCP=-5*CA14*CCE/RTPT

and its
derivative XMUL1=1.,
CAIR=1.
CAIRP=1,
CFPM=1.
1=0

Fig. 3.18-3—UFUN(Z,CA, CANS) flowchart (Continued)
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_ 1
1=1+1
K=6*I-1

DO 560 J=1,3
XMUL1=XMUL1*K
K=K-2

¢ 50

XMUL1=XMUL1/{216*1*{2*1-1)}
CFM=CFM/CDZ
CF=XMUL1*CFM
CFPM=CFPM*{(6*I+1)/(1-6*1)}/CDA

Summation of
terms of asymptotic

CFP=XMUL1*CFPM expansion
CAIR=CAIR+(-1)**| *CF
A CAIRP=CAIRP+(-1)**|*CFP
51 IKEY =1 /l\ IKEY=3 53 Check accuracy
IKEY

- CABS(CF)

<.002
?

CABS(CF)
AND CABS(CFP)
<.002
?

IKEY=2

CABS(CF)

<.002
?

No

IKEY#2?

CH2=C!*3.02617*CC*CAIR

No

IKEY=2?

CH2P=CI*3.02617*CCP*CAIRP*CXP3

70

CANS=CI*CH2/CH2P
COLDA=CANS

RETURN

Fig. 3.18-3—UFUN(Z,CA,CANS) flowchart (Continued)
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SURSEM FORTRAN PROGRAM LISTING






96100

28299
66309
gBang
88500
g0600
80700
gosee
88999
81048
L ARTT
g12a¢
21308
B14p0
#1504
#1609
81700
21859
21909
220898
p2108
p2200
02309
92406
b2508@
p2600
62708
928090
629090
038008
831249
93290¢
#3309
#3408
23500
#3660
03760
33848
#3938
24009
04109
94200
84300
24400
4508
p460dp
24790
24892
pagug
#5000
g519¢
gs2e8
25360
85409

B55¢%
85600

95709
n5800
2590¢
26900
06190
#6200

()

[$N v

73

U S -

1
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THIS IS SURSEM» THE NRL SURVEILLANCE RADAR SYSTEM EVALUATION MODEL

COMMON NSCANINEXTINUMTGToTsOLOTENDTIME »SMODE(15019)
sPIsPIOVERZ»TWOP12RADIANSTAU(15) 2 DSTARDWL(15)
sXYZI(1894)9XYZF(1014) » TRGPAS( 182 7) 951 GJAM{14)

»SIGTAR(1823) s FHV( 13) 2SI GMAH» ISWI Te TEMPWR
sSHIP(4)sRC{15) sRMODE( 15+ 12) 9 I HODE( 1592 )s CUM(4000+2)

COMMON/B/ ENVIR(10)»SUBC(15)sREsCNMsCCMs ACONI BETAY

DOTPsPOLRZ» I KEYFoXKTOMS sXNMTOM2 TARCS s WVL#FOP1QB2FOPISO

COMMON/D/ ALPHADPSIGZs VoAR1»AR29315CS16

COMMON/H/FACA 2 ANBN® XJAMNS | KEYJG 9 XXXXX

COMMON/1/ PBBS»HOFAS»THETBK +DBDOWNY THH» THVPGN

INTEGER ANS1sANS29ANS3»ANSS

DIMENSION MCC(15)

CONV=4+342944819

RE = 839237584

CNM = 1618835474

CCM = 390002008000,

BETA = 718565821

ACON = 607701593

XKTOMS = 0514444444
XNMTOM = 1852
FOPISO = 157+8136786
FOPI0B = 19844401711

SPECIFY LOGICAL UNIT FOR OUTPUT SAVED DATA FILE(S)
I TAPE = 1
OFR=¢

TYPE 5

5 FORMAT(1H®s'THIS IS SURSEMs THE NRL SURVEILLANCE RADAR SYSTEM EVA

18
"

12

15

)

LUATION MODEL"')

TYPE 6

FORMAT(/' 0O YOU NEED A DESCRIPTION OF THE INPUT VAR!ABLES? 's)
ACCEPT 7 ANS3

FORMAT(A3)

IF(ANS3 «FQe 3HYES) CALL INSTRC

TYPE 9
FORMAT(/' DO YOU WANT DETAILED OUTPUT? '$)
ACCEPT 7» ANS1

CALL INITIAL

CALL TARGETS

CALL ENVIRN

PS 1'—ﬂo

PS2=1e

CUMP:]-

DO 12 1C = 1»NSCAN
MCC(IC)=i1C
CONTINUE

MC=NSCAN

{F(ANS1 oNEe 3HYES) 60 TC 17

TYPE 15

FORMAT(1H@» 'TYPE OUTPUT CONTROL PARAMETERS: '$)
ACCEPT#sPS1sPS2sCUMP s |REPSMCo(MCC(IC)»IC=1sMC)



g63ue
064849
26500
866849
86709
0680¢
969480
879840
p7108
87208
27380
87409

97599
27600
07708
g7800
¥7900
gsond
08189
082493
28300
28400
88500
#8608
3873¢
#8800
48909
p98eo
#9169
092¢¢
69300
49428
89589
#9604
B897¢0
89800
29908
18064
16100
14260
18389
10489
17508
10600
10789
16800
14940
1108¢
11129
112¢¢
11388
11490
115¢9
116¢0
11708
11804
11908
1280¢
12108
12208
1236¢
12400

17

49

20

21
22

42

43

145
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IF(MC «NEe @) GO TO 17
MC=NSCAN

MCC(1)=1

CONT I NUE

IKEYF=8

CALL MATCH

ISTEP=2

IREPF = @

PDCUM=0 «9

IF(ANS1 eNEe 3HYES) GO TO 28
TYPE 48

FORMAT(//' INDEX'6X'TINE'T7X'BV'6X'SIGMA'SX'ESIG 4X'NCLT'5X E/N'SX»

1 'PDCUM! /76X "MODE '6X *RANGE *TX 'BH'TX'FCTR'4X 'NAMB ' 4X ' NJAK'6X 1
2 'PDSS'/)

CALL NEXTSCN
IF{RC(1)+DWL(NEXT) eNEWOFR) I SWIT=§
OFR=RC( 1)+DWL(NEXT)

RFR=RC(1)/0FR

RC(6)=GN/RFR*e2

RC(4)=THH*RFR

RC(5)=THVY*RFR

PBBS = RMODE(NEXTs 1) + RC(5)/2.
TSEC=T+3690 ¢

IF(TeGTeENDTIME) GO TO 110

DO 21 1C=1sMC
IF(NEXTeEQeMCC(IC))GO TO 22

CONT! NUE

GO 10 29

CONT I NUE .

CALL NEWPOST(NUMTGT)

ALPHAD = @

S16Z
S16C
SI6
AR1
AKR2
V =
CALL DETPROB(PDSS)
IF(ISTEPeEQe2)CUM(122) =PDCUM
POCUM=1eG~-(1e3-PDCUM)*(168-PDSS)
IF(PDSSeGEeeBd1)G60 TO 42

60 70 43

CONT i NUE

CUM{ISTEP»1)=TSEC
CUM{ISTEP#2)=PDSS

ISTEP = ISTEP+1

CONTINUE

IFCANS1 oNEe 3HYES) GO TO 84
IF(PDSSeLTePSt) GO 1O 89
IFCIKEYFeEQed)G0 TO 145
IF(PDSSeGTePS2) GO 10 88
IF(POCUMeGT«CUMP) GO TO 8%

2w N

8
g
9

CONTINUE
IKEYF=1
IST = ISTEP-1

IREPF = IREPF+1

IF(MOD( IREPFs|REP)eNE#B) GO TO 89
BVDEG=TRGPOS{1+s6)*RADIAN
BHDEG=TRGPOS(145)«RADIAN
DBE=CONV*ALOG(RC(12))
DBN=CONVaALOG(RC(14))



12508
12680
12769
12808
129069
130449
13109
13209
133689
13449
13500
13684
13799
13868
139990

14908
14108
14282
14300
14409
145649
14608
14780
14800
14960
15000
15108
15208
15340
15408
15549
15608
15740
15889
15904
160089
16189
16200
16398
164060
16500
16699
16700
16848
16980
170998
17162
17230
17349
17449
1750¢
17640
17749
178449
17900
18088
18180
168228
18369
18490

18500
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SN=DBE-0O8BN

TRGP = TROGPOS(1s4)*6.8882

AMBNDB = CONV*ALOG(AMAXT1(AMBN»149E-35))
XJAMNDB = CONV*ALOG(AMAX1(XJAMN? 1eBE-35))
SCDB = CONV*ALOG(AMAX1(SI1GC»1e8E-35))
SFAC4=CONV*ALOG(AMAXT(FAC4»18E~-35))

TYPE S5@s 1STsTSEC»BVDEGH» TARCS»DBE»SCDB2SNsPDCUMY
1 NEXT» TRGP »BHDEG*» SFAC4»AMBNDB Y XJAMNDB »PDSS
53 FORMAT(IS5sF11e19F18e29F10e19F9eDsFBedsF3e29F3e3/199F1201sF18 e
1 F19e0+12FBeBrF1de3/)
88 CONTINUE
IF (ISTEPeLE«438@) GO TO 20
TYPE 92
9¢ FORMAT(1H@s' PROBABILITY OF DETECT!ON TABLE EXCEEDEDe RUN TERMINAT

1EDe'/)
118 ISTEP=|STEP-1

CUM(121) = ISTEP

TYPE 115
115 FORMAT(1HZ»'DO YOU WANT TO SAVE DATA? 's)

ACCEPT T7s1INP

IFCINP oEQe 2HNO) GO TO 381
€ WRITE FILE

WRITE(ITAPE»118) ISTEP» (CUM(191)sCUM(192)s1=19|STEP)

118 FORMAT(1Xs 14/(1Xs5(F7e1sF745)))

c
381 CONTINUE
XJAMN= o
TYPE 120
120 FORMAT(/' IS THERE ANOTHER ENVIRONMENT?  '$)
ACCEPT 7»1ANS
IF(IANS oEQe 3HYES) 60 TO 11
c
TYPE 122
122 FORMAT(/' 1S THERE ANOTHER SHIP/TARGET SET?  'S§)
ACCEPT 7+ANS2
IF (ANS2 +EQe 3HYES) 6O TO 10
c
TYPE 125
125 FORMAT(/' IS THERE ANOTHER SET OF RADAR PARAMETEKS? '$)
ACCEPT 7saNS2
IF (ANS2 «EQe3HYES) GO TO 78
140 CONTINUE
c

TYPE 159
158 FORMAT(/' PROGRAM FINISHEDe'/)
138 CONTINUE

SToP

END

(222 XY XIS Y R X222 S22 AR 2R SRR RS2 22220 R2R2 2

SUBROUTINE INSTRC

c
c PRINT INPUT INFORMATION
C
TYPE 1o
10 FORMAT(1HZs' THERE ARE 11 BASIC RADAR INPUT PARAMETERS'/! 1 RAD
1AR FREQUENCY [N MHZ /¢ 2 ANTENNA PATTERN FUNCT!ON INDICATOR!/!

A-3



1868¢
18708

18890
18949

19899
19144

192¢¢
19304
194¢¢
19508

19680
19708

19800
19998
20000
20100

20200
28300

20400
23500

206¢p
20780
20808
20900

21408
21100
21208

213900
21408
21509
2164049
21788
21899
218089
22002
22108
22260
22302
22499

22509
22608

22789
22800
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2 @ = PENCIL BEAM!'/! 1 = COSECANT SQUARE BEAM'/! 3

3RECEIVER NOISE IN D8*/! 4 HGRIZONTAL 3DB BEAMWIDTH IN DEGREES'/
4’ 5 VERTICAL 308 REAMWIDTH IN DEGREES'/! 6 ONE-WAY ANTENN
54 GAIN IN DB!' /! 7 ONE-WAY SIDELOBE LEVEL IN DB DOwN'/! 6 REC
6EJVER LOSS IN DB'/! 3 TRANSMITTER LOSS IN D3/ 12 NUASER OF

TSCAN MODES' /¢ 11 LINEAR POLARIZATION §N DEGREES'/! 8 = HO
8RIZONTAL! /! 9¢ = VERTI1CAL')

TYPE 15

15 FORMAT(1HB»* FOR EACH RADAR 3CAN MUDE» THERE ARE 16 INPUT FPARANETE

RS/ 142 LOWER AND UPPER BOUNDARY FOR ELEVATION ANGLE COVERAGE |
2N DEGREES'/! 3 PEAK POWER TN MMW' /¢ 4 PULSE LENGTE IN MICROSE
o, 5 INTERLOOK PEKRIOD IN SEC'/? 6 SCAN OFFSET I 3ECH/!

4 7 ENSTRUMENTEC RANGE Ik Nm|) /0 8 VCDE DEPENDENT LOSS 1M DR' /Y

5 9 NUMBEK OF PULSES INTEGRATED'/’ 18 MINUS LO61# (FALSE ALARM

6PROBARBILITI) /! 11 COMFRESSED PULSE LENGTH IN MICROSEC'/! 12 3

TEA GLUTTER IMPROVEMENT FAGTOR IN DB /! 13 leFe BANDWIDTH IN MHe
8 |F 3» BANDWIDTH witL BE'/? SET AT 1.8/(COMPRESSED PULSE LE

GNGTH) s/ 14 ¥ODE DEPENODENT FREQUENCY INGREKENT [N MMZ'/? 15 AL
1ANAING TIME IN MICROSECONDSs IF gy t/! SET AT PULSE LENGTH!
27! 16 RAIN GLUTTER IMPROVEMENT FACTOR !N D3')

TYPE 28

2¢ FORMAT(1HZ»' THERE ARE 13 INPUT PARAMETERS FOGR EACH TARGET'/' 1-4

1 INITIAL COORDINATES (XsYsZ2T) INAFT AND SEC'/* 5-8 TZRKIML COO
2RDINATES (»Y»ZsT) IN KFT AND SEC'/' 9-11 RADAR REFLECTIVE AKEAS F
30R HEAD=GNs '/ BROADSIDE AND MINUMUM N SQe METERS'/! 12

4 JAMMING POWER ODENSITY IN W/MHZ'/' 13 MARCUM SWERLING CROSS SECTY

510N MODEL')
TYPE 25
25 FORMAT(1H#»! THERE AKE 4 ENVIRONMENTAL | NFUT PARAMETERS'/! 1 ¥l
IND SPEED IN KNOTS'/0 2 HEIGHT OF WIND SPEED MEASUREMENT IN KFT!
2/ 3 MULTIPATH INDICATOR!'/? 1 = MULTIPATH! /! 2 =
3INO MULTIPATH! /! 4 RAINFALL RATE IN MM/ HR')
TYPE 38
3¢ FORMAT(1HZ»' THERE ARE SEVERAL PRINT CONTROL PARAMETERS'/'  1+2 LO
1WEK AND UPPER BOUNDS FOR WHICH SINGLE SCAN'/? PROBABILITY 0
2F DETECTION WILL BE LISTED'/! 3 LARGEST CUMULATIVE PROBAA(LITY
30F DETECTION' /! TO BE LISTED!'/! 4 PRINT FREQUENCY [NDICA
4TORe |F THIS NUMBER WERE 5» THEN ONE OQUT'/® 0F EVERY 5 LIN
S5ES OF POSSIBLE OQUTPUT WOULD BE LISTED'/! 5 NUMBER OF MODES 710 B
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22908
23000
23198
23208
233046
23499
23509
23689
23706
23869
23994
24000
24140
24200
24348
2449043
24500
246089
24700
24800
24999
25008
251949
25298
25309
25498
25508
25649
25700
25809
25909
26600
261409
26200
26309
26440
26500
26600
26700
26800
26980
27080
27100
27220
27304
27400
275849
27600
27708
27809
27900
2800¢
281949
28200
28300
28449
28509
2860¢
28700
28800
28900
29000
29199

W WAD
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6E UsEpt/ 6 MODE NUMBERS TO 3E USED'/143)

RETURN
END

Q..ti.ttittttﬁ..t.".th*tﬁ**##t'Q*.Qt.ﬁ."i'...t..tti.iﬁ‘ﬁ'

SUBROUTINE INITIAL

DIMENSION AMODE(15s2)

COMMON NSCANSNEXTONUMTGTsToOLOTPENDTIME» SMODE(15218)
tPLoPIOVER2s TWOP I »RADIANSTAU(15) 2 DSTAR»OWL(15)
sXYZI(1028)9XYZF(1894) s TRGPOS(1827)9S1GJaAM(14)

2SIGTAR( 189 3)sFHV(18)»SIGMAHYISHI T2 TEMPWR
sSHIP(4)»RC(1S5)1RMODE(16912) » LHODE(1592)sCUM(40200+2)

COMMON/8/ ENVIR(18)s»SUBC(15)sREICNMICCMsACONIBETAY

1 DOTPsPOLRZy IKEYFoXKTOMS s XNMTOM TARCS sWVL»FOP|QBFOPISO

COMMON/!/ PBBSsHOFKs THETBKoDBDOWNS THH» THYsGN

RC(19)=290e0n1e38%1FeB0a(-23)
MILLION=10E+8
P1=341415926536

TWOP =P | 9240

PIOVER23P /248
RADIAN=57429578

- b =

TYPE §
FORMAT(IH@»'TYPE 11 BASIC RADAR INPUTS: 's)
ACCEPT*»(RC(1)91=199)»NSCANs»POLRZ

IF(NSCAN oLEe 15) GO To 18

TYPE 6

FORMAT (! NO MORE THAN 15 SCAN MODES wl!LL BE ACCEPTED!')
NSCAN = 15

CONTINUE

_ RC(4)=RC(4)/RADIAN

c
5

c
6
19

c

5¢

5§

RC(5)=RC(5)/RADIAN
THH=RC(4)

THV=RC(5)
RC(6)=18ee+(RC(6)/100)
GN=RC(6)
RC(3)=10+%a(RC(3)/18,)
RC(7)=18swe(-RC(7)/20¢)
RC(8)=18eee(-RC(8)/104)
RC(9)=1deen(-RC(3)/100)
DBDOWN = RC(7)*RC(7)

D0 88 J=1sNSCAN

TYPE 5¢+4

FORMAT(/' TYPE 16 INPUTS FOK MODE's13s's '$)
ACCEPT#s (RMODE(J?1)921=198)9AMODE(Js1)9PMFIRMODE(J? 11)9sSUBC(J)>»
1 RMODE(Jr» 12)sDWL(J) sSHISHODE(Jr2)
IMODE(J?1)=AMODE(Js1)

MPF=PHF

IF (RMODE(J25)e6Teped) 60 TO 55
RMODE(J95)=1048

RMODE(J? 1)=RMODE(J»1)/RADIAN

RMODE (J922)=RMODE(J»2)/RADIAN
IF(SMeEQ e )SM=RMODE(J4)
SMODE(J91)=15%e4SH/YNMTOM

SMODE(J92) = 10ewa(-SMODE(J?22)/18,)

SMODE(Js3) = PMF

RMODE(J25)=RMODE(J»5) /3608 ¢@
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29209 RMODE(J?6)=RMODE(J26) /3608 «f

29380 RMODE(J94)=RMODE (Jr4) /NILLION

294p¢ RMODE(J18)=18eee( -RMODE(J98)/ 18e)

29549 RMODE(Js3)=RMODE(J93)eMILLION

29698 TAU(J) = RMODE(J211)/MILLION

29788 IF(RMODE(J212)eLEeB) RMODE(J212) = 148/RMODE(Js11)

29808 RMODE(J»12) = RMODE(J»12)*MILLION

2999¢ IMODE(J92)=MAXT(RMODE(J»12)*RMODE(J211)/MILLION+ZeS01e8)
300909 RMODE(Jr»11) = 10eew(-PNF)

33100 SUBC(J) = 10ees(-SUBC(J)/1¢4e)

34240 80 CONTINUE

30394 RETURN

30400 END

39509

38669

397&’0 'Qt..‘t..tittaii‘.t.'.'.tttt'.‘...ﬁ'.tt.t.‘..it"ttt'.t""'.t.ﬂ
30809

3g920

31089 SUBROUTINE TARGETS

31149 COMMON NSCANSNEXTSNUMTGT»ToOLDT»ENDTIME»SMODE(15¢18)
31209 1 sPIsPIOVER2+TWOP | RADIANs TAU(15) sDSTARSDWL(15)
31398 1 « aXYZ1(1894)oXYZF( 1894 )»TRGPOS( 182 7) ¢S IGJAM(18)
3140¢ 1 sSIGTAR(1d93)oFHV(18) 2SI GMAH» ISWI Ts TEMPWR

31580 1 »SHIP(4)RC{15)sRMODE( 152 12)» | MODE(15+2)sCUN(4000+2)
31608 COMMON/B/ ENVIR(18)»SUBC(15)»REsCNMsCCMrACONIBETAY

31784 1 DOTPI»POLRZ Y IKEYF o XKTOMS s XNMTOMs TARCS o WVL#FOP QB2 FOPISO
31800 COMMON/E/ A(4)

31908 COMMON/DET /MODEL(18)

32088 C

32199 C X Y 2 SHIP COORDINATES

32290 TYPE 2

32320 2 FORMAT(1Hds 'TYPE SHIP/RADAR POSITION COORDINATES (X»YsZ)'s
32400 1" IN KFT: '3)

3250¢ ACCEPT®»(SHIP(1)91=13)

32600 DO 3 1 = 13

32709 SHIP(!) = SHIP(1)/6e0842

3280¢ 3 CONTINUE

32399 SHIP(4)=SORT(SHIP(3))

33¢8¢ C TARGETS

33108 G

33200 4 TYPE S

33309 S FORMAT(1HB»'TYPE NUMBER OF TARGETS: 's)

33440 ACCEPT*s»NUMTGT

335088 C

33600 IF(NURTOT oGTe #) GO TO 15

33788 TYPE 10

33804 18 FORMAT(! YOU HAVE ENTERED ZERO TARGETS')

33948 GO TO 4

34008 C

34198 ¢ 9 TARGETS MAXIMUM

34209 15 1F(NUMTGT oLEe 9) GO TO 25

34309 TYPE 20

3449090 2@ FORMAT(' NO MORE THAN 9 TARGETS wiLL BE ACCEPTED')

3457 NUMTGT = 9

34600 C

34709 25 00 S8 J = 1sNUMTGT

348900 TYPE 36 J

34994 38 FORMAT(/* TYPE 13 PARAMETERS FOR TARGET 's120': 'g)
35¢80 ACCEPT*o(XYZI(Jo1)oi=194)s(XYZF(Jo1)21=194)9(SIGTAR(J21)91=193)
35509 1 sSIGJAM(J) P MODEL(J)

35688 DO 35 1=193

35704 XYZ1(Jel) = XYZ1{Js1) /60882
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35899
35900
36808
36190
36200
36394

36400
365400

36699
36769
36880
36900
37000
37189
37200
37389
37482
37500
37680
37740
37800
379094
38009
381¢98
382040
38309
38400
38500
38600
38799
38309
38999
39002
39102
3592049
393ug
39494
395949
396424
397849
398949
39949
40000
49160
402390
42300
48400
46560
40623
40799
408404
482¢
4¢844
408680
498840
409¢9
41900
411¢¢
41240
41380
41480
415¢8
41680

35

50
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XYZF(Jel) = XYZF(Jr1)/6e0882
CONTINUE
XYZ1(J24)=XYZ)(Js4) /3688
XYZF(J94)sXYZF(J94)/3608«
SIGJAM(J) = SIGJAM(J) /10E+6
CONTINUE

NUMTGT =NUMTGT+1

XYZI{NUMTGT9»1) =XYZi(121)

XYZI(NUMTGT?2) = XYZ1(1»2)

XYZ I (NUMTGT94) = XYZ1(14)
XYZF(NUMTGT»1) = XYZF(1:1)
XYZF{NUKTGT92) = XYZ2F(192)
XYZF(NUMTGTs4) = XYZF(12+4)
SIGJAM(NUMTGT) = @

A(4) = (24«SIGTAR(193) + SIGTAR(192))/3e

A(3) = (3e#SIGTAR(1s1) + SIGTAR(1s2) =~ 4o%A(4))/12¢
A(2) = SewA(3) - SIGTAR(151) + A(4)

A1) = 2e%A(2) -440a(3)

RETURN

END

(L1222 2 R 22202222 2122222 22 X2 A2 2 R 2222122222222 222 03

L2 3 L X

SUBROUTINE ENVIRN

COMMON NSCANINEXTeNUMTGTs»ToOLDTeENDT IMEsSMODE(15018)
sP1sPIOVER2s THOP ) sRADIANS TAU(15) »DSTARSDWL (15)
sXYZ1(1824) o XYZF{1054)2TROPOS(1897)2S1GJAM(18)

sSIGTARC1393) pFHV( 1) »SIGHAHY ISWITHTEMPUR

sSHIP(4)9sRC{I5)sRMODE(15212) s IMODE(1592) 1 SUM(4GEH2)

COMMON/B/ ENVIR(18)sSUBC(15)sREICNMICCNIACONIBETA S

1 DOTP#POLRZ 2 IKEYFo XATOMS s XNMTOMs TARCS o WVL sFOP 1039 FOPISD

COMMON/H/FACA s AMBN 2 XJAMNS I KEY JGs XXXXX

- e e b

TYPE 18

FORMAT(1H@s 'TYPE 4 ENVIRONMENTAL PARAMETERS: '$)
ACCEPT#s(ENVIIt{1)s1=1s4)

FAC4z1.

ENVIR(2) = ENVIR(2)/6£8(¢2

SIGMAH = oBB6666674(XIKTUMSHENVIR(T))wa2e (XNMNTOMCENVIR(Z)/1Ce)
1 wa(-219364)

XYZI(NUMTGT*3) = @

XYZF(NUMTGT23) = XYZI(NUMTGTs3)}

T = XYZi(1+8)

OLDT = XYZ1{194)-1a

ENDTIME = XYZF(1s4)#1eCe¢egal

TRGPOS(1+4) = -1

RETURN

END

[AAA A XA A2 L R X 2 L RS S Y X T I Y Y]

SUBROUTINE DETPROB(PDSS)

COMMON NSCANsKNEXToNUMTGTsToOLDTPENDTIMESSMODE( 15 141)
sP1sPIOVER2 THOF I sKRAD I Wl TEUCT1E) s LS 1 ER LEL(1E)
1 XYZ1(1004) s XYZF(1€94)s TROPOS( 1€ 7)9S1G6JAM( )

,SIGTAH(lﬂca)-FHV(IG):SIGMAHolSWlT:IE&PUR

sSHIP(4)sRC(15) sRMCDE (159 12) s IMODE( 159 2) s CUM{4REPs2)

COMMON/B/ ENVIR{19)sSUBC{15)sREsCNMsCCrsACONIBETA»

1 DOTPsPOLRZy IKEYFoXKTOMS» XNMTOMs TARCS sWVL»FOPLQBPFOPISO

— b b b
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41709 COMMON/H/FAC4s AMBNXJANNS |KEYJG o XXXXX

41800 COMMON/1/ PBBSsHOFK» THETBHsDBDONNs THH? THVGN

41980 CONMON/DET/MODEL(18)

42000 IF (NEXTeGTed) GO TO 1¢

421900 PDSSzef

42200 RETURN

42380 1¢ CONTINUE

42409 C COMPUTE SIGNAL POWER (PS) AND ENERGY (ES)

42589 CALL TARSIG

426049 : WVL=388¢/(RC(1)+DWL(NEXT))

42708 S = RMODE(NEXT#3)*RC(6)#RC(6)eNVL*WVLwTARCS

42800 R=TRGPOS(1+4)

42908 RM = RwXNMTOM

43408 R=ReR

43120 R=R#R

432480 RMT = Re«XNMTONWXNMTOMXNMTOM*XNKTOM

43300 RC(11) = S«RC(8)*RC(9)*RMODE(NEXT»8)/(RMT«FOPIQB)

43400 FHV(1) = 1.

43508 1F(RC(2)eNEo1e) GO TO 58

436089 FH = 1e

437909 0AV = (PBBS-TRGPOS(1+6))

43800 FV = BEAM(OAV»RC(S5)»RC(2)51)

4399¢ FHV(1) = FHeFy

44000 IF(TRGPOS(196) eLTe RMODE(NEXT»2)) GO TO 58

44109 FHV(1) = AMAXT(FHV(1)»DBDONN)

44200 50 CONTINUE

44390 RC(12)=RC(11)*RMODE (NEXT»4)

44400 TEMPWR = RC(12)

44540 RC(12) = RC(12)eFHV(T1)eFHV(T)

446400 CALL MULPTH(1sFAC)

44748 FAC4 = FACwFAC#FAC*FAC

44809 C COMPUTE RAIN CROSS SECTION

449909 RNCS = 6+706E-62TAU(NEXT)*RC(4)¢RC(5)#RM «RM aWVL#x(-4)
45000 1#ENVIR(4)en1e6

45108 C COMPUTE TWG WAY RAIN ATTENUATION

45290 RA = 10ene(-1eE-8*RMeLNVIRK(4)2lVLen(-7e37))

45309 % COMPUTE SIGMAL ENERGY

45440 RC(12) = RC(12)«FACA#AMINT1(RMODE(NEXT»12)*TAU(NEXT) s 1e)#RA
45509 RC(14) = pC/3)«RC(14)

45640 AMBN = RC(14)

45700 CALL JAM(EJ)

45800 C COMPUTE NOISE ENERGY TQ INCLUDE RAIN ATTENUATED ENERGY AND
45908 c RAIN ATTENUATED SEA CLUTTER

460409 RC(14) = RC(14) + RC(12)#6ewRNCS/(TARCS#FACE)*SHODE(NEXT92)+EJsRA
46106 M= [ MODE(NEXT2» 1)wIMODE(NEXT2) :

462040 C COMPUTE SIGNAL TGO NOISE RATIO SNR

463089 SNR = RC(12)/(RC(14)wFLOAT(IMODE(NEXT22)))

464900 CALL MARSWR(SNRs>M»SMODE(NEXT#3)sM0DEL(1)sPDSS)

46500 RETURN

46600 END

46790

468290

46909 (A2 A R 2 R A R R A A R R Y L R Y I R R AR A Y RS R R R R 2 2 2 2 2T Y
470890

47100

47209 SUBROUTINE JAM (EJ)

47340 COMMON NSCAN!NEXTINUMTGT»Tr»OLDT2ENDTIME2»SHODE( 159 18)
47400 1 sPI9PIQOVER22T4WOP | »RADIANSTAU(15) #OSTARDWL(15)
47509 1 PXYZI(1024) sXTZF(1824)9 TRGPOS( 1097 )9SIGJAM(14)
47640 1 sSIGTAR(1393) s FHY(19) oS IGMAH [SW! THTENPWR

47700 1 sSHIP(4)sRC(15)»AMODE( 159 12) 9 IMODE( 1502)»CUM( 4810 »2)
47884 COMMON/B/ ENVIR(18)eSUBC(15)sREICNNICCMs ACONIBETAS
479040 1 DOTP»POLRZ 2 IKEYFo XK TOMS » XNMTOMs TARCS »WVLsFOP 0B »FOP IS0
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48000 COMMON/D/ ALPHAD»SGZ*VrART19AR29SIGC»S16

48 149 COMMON/H/FACAsAMBN XJAMN? L KEYJG» XX XXX

482088 COMMON/1/ PBBS+HOFK» THETBK»DBDOWNS THH» THVIGN
48300 EJ=0 8

48449 FACTOR: WVLeWVL/FOPISQ®RC(6)*RC(B)*RMODE(NEXT*8)
48569 HR = SHIP(3)«XNMTOM

48669 HY = TRGPOS(193)eXNHTOM

487029 SL = DBDOWNsDBDOWN

48889 AGAIN = 1

48900 THETB = RC(5)

490080 PH1IB = RC(4)

49109 D0 28 J=19NUMTGT

49208 PJ=SI1GJAM(Y) .

49309 IF { IKEYJG oEQe 1 »ANDs (ABS(TRGPOS(1395)-TRGPOS(2s5) )) eLTe
49480 1 1¢13«RC(4) ) PJ=d .6

438509 SR = TRGPOS(Jsd4)eXNMTOM

49600 IF(JeEQ«NUKTGT) GO TO 25

497489 IF((PJeLEo(Be)eANDeJsEQo1)eOReSReLE(e)) GO TO 28
49806 OAH=SMLANG(TRGPOS( 1+5)-TRGPOS(J*5))

49999 OAV=SMLANG{TRGPOS(1+6)-TRGPOS{J?6))

56000 IF(RC(2)¢EQs1e) OAV = (PBBS-TRGPOS(J»6))
50100 tF(RC(2)+FQe1s) GO TO 19

502680 IF (OAHeLEe(1e13%RC(4))eANDeOAVeLES{1013eRC(5))) GO TO 14
59309 FHY(J)=0800WN

50499 60 10 15

5 509 19 FH = BEAM(OAHIRC(4)+RC(2)18)

S6609 FV = BEAM(OAVIRC(S)sRC(2)91)

5¢700 - FHY(J)=FHeFY

504800 IF(RC(2) ¢EQe 1e@ «ANDe TRGPOCS(J96) oLTe RMODE(NEXT52) «ANDe FH
Se9¢p 1 «GTe DBDOWN) GO TO 15

516980 FHV(J)=AMAX1(DBDOWNSFHV(J))

5119¢ 15 XJAMFA = FACTORePJeFHV(J) /(SReSR)

51200 CALL MULPTH(JsFAC)

51300 XJAMFA = XJAMFA®FACWFAC

514086 EJ = EJ + XJAMFA

51509 XJAMN = EJ

51686 G0 TO0 29

5t7e8 C CALCULATE THE EFFECT OF CLUTTER

5189¢ 25 SR = TRGPOS(1s4)#XNMTOM

51900 IF(ENVER(1)et Ted) GO TO 28

52080 DC = (14-HR/(2+*RE))*SORT(SR*SR - HRe*HR)
52108 IF(DCeGEeDSTAR®XNMTOM) GO TO 29

52269 SINALF = HR/SR -SR/(2e#RE)

523¢0 | F(SINALFeLTep) GO TO 28

52400 ALPHA = ASIN{SINALF)

52502 ALPHAD = ALPHA*RADIAN

52608 TEMP = ENVIR(1)*XATOMS*(T5/(ENVIR(Z)*XNMTOM) )ee.53682
52708 BEAUS = ACON®(TEMP/XKTOMS)*«BETA

5280¢ XFRE=RC(1)+DWL(NEXT)

52989 CALL CLUTS!IG(XFREYBEAUSIALPHAD*SIGZ2POLRZ)
530090 V = TAU(NEXT)®CNM/(2e2COS(ALPHA) )*XNMTOM
53180 THETT = ASIN((HT-HR)/SR - SR/(2e*RE))

53289 IF(RC(2)«EQe1e) THETT = PBAS-DSTAR*XNMTOM/RE
53368 SMTB = -SIN(THETB/2e+THETT)

53446 SPTB = SIN(THETB/2e-THETT)

53500 RADM2 = SMTB#SMTB-2e*HR/RE

53600 RADP2 = SPIB#3PTB-2e«*HR/RE

537¢0 |F(RADM2eLT+@8) GO TO 26

53889 RMTB = 2e*HR/(SMTB+SART(RADM2))

53900 GO 10 27

540900 26 RMTB = 1eE+164

54109 27 1F(RADP2eLTo8) GO TO 28

54299 RPTB = 2+%HR/(SPTB+SQRT(RADP2))
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54308 IF(RPTBeLTed) RPTB = 1+E+188

54499 60 10 29

54500 28 RPTB = 1.E+10¢

54600 29 CONTINUE

54740 R1 = AMINI(SRsDSTAR®XNMTOM)

54800 R2 = AMINT(SR+VIDSTAR®XNMTOM)

54949 IF(RMTBeLTeB) RMTB = 1+E+100

55098 S1 = AMAX1(R1sRPTB)

55109 S2 = AMINI(R2sRMTB)

55200 WS = «5#PHIB #(1e/(S1*51)-1e/(52%52))

5536¢ WR = Ple(1e/(R1%R1)-1e/(R29R2))

55440 WS = AMAX1(QeBsWS)

55504 AR1 = WR

55600 AR2 = NS

55709 C = TEMPWRe«SRe»4#S|GZ/TARCS

55809 $16 = C

55900 S16C = Co((AGAIN-SL)*WS+SL*WR)«SUBC(NEXT)
56000 EJ = EJ + SI1GC

56100 23 CONTINUE

56200 RETURN

56349 END

56490

56544

S5668¢ (P I R R e R R R R R R R R R R R R R R R R R i R A R Y l]]
567¢0

56800

5690¢ SUBROUTINE CLUTS!IG(XFREsXBEAU?XANG#SIGZ2POLRZ)
57020 COMMCN/A/Z SIGAH(T7+695)9S1GBV(7+695)9XPAR(397)
57180 DIMENSION ILIM(22695) s INDEX(392)»NDX(3)

57208 DIMENSION PAR(3)

57388 DATA NDX/71+625/

57409 DATA (XPAR(191)91=197)/5@Be2125093000¢156080¢2300des 170068 0>
57500 1 350008/

57600 CATA (XPAR(291)91=2197)/1e220230340350960900/
57788 DATA (XPAR(331)312197)/1093e318023809 18809802 8e/
57824 DATA SIGRH/ -

57969 1 -100er-10003-90e9~8701-84e9-8409-840>
58009 1 ~93409-9409-8801-7801-T202-T7209-T20>
58100 1 '950"gﬂo"75.’-680,-63;’—630"630]
58200 1 ~90e1-8207-6849-6202-5509-5501-5501
583090 1 ~75¢9-7503-58e9-5509~-48e1-4809-48 49
58400 1 ~65e9-6509-5309-48e1-42e9-42e1-42¢1
58509 1 90 er-9Bes-8501-T%er-T4er-T409-7409
58632 1 ~84¢9-8403-7609-72¢9-6809-6809-6809
58799 1 ~87¢9-7B8e91-6602-510¢2-57e3=-5Te¢9-57e
588490 1 ~7201-7209-5869-58e1-4603-4609-460)
58989 1 ~6709-6769-4B801-4409+-4249-39%¢9-39¢»
59060 1 ~62¢9-62e7-4409-4109-39¢9-33e9~-300
59190 1 «86e9-8003-7302-7B0s-66e9-660e2-6560s
59200 1 ~84¢3-T73¢9-65¢9-5609-4903-43¢9-4 10>
59349 1 ~82e9~-65e1-5509-483e9~44e9-4009-3%e»
59420 1 ~78¢9-6209-4802~-4309-40e3-370e9~-360
59549 1 ~67e9-5803-4249-3302-3609-3409-320?
59609 1 -659-53e1-47¢9-3507-33e7-31e2~330/
59700 DATA (((SIGAH(I1wJrK)s1=19T7)9J=196)9K=4+5)/
59844 1 ~7509-72¢3-63¢3-6307-58e3-5503-5309
59949 1 ~THe9-R6e1-50e9-5409-38e9-3501-430>
60099 1 ~6he?=51e9-53e1~48e9-420e9-3103-40 0>
66199 1 “61e9-5802-30e35-32e7-3303-3705-37 02
602048 1 “56e3-5009-3109-3801-35e9~352-3547
68309 1 “53e2-46e39-300134¢2-3209~-31¢9~3%1¢1
69499 1 ~6e2-Gler-CCe3-CTet-50es-204>-450
685¢0 1 “58e1-5309-59e53-53e1~-01er-4200-340s
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60600 1 “E5er-G0er~5%e1-4501-3345-235e9-330¢1
S8700 1 ~EBe1-48e2 4609 -400r-3705-33e1-3741
60800 1 ~48¢2-4503-38e51-3Te1-3301-31e9-2G0r
Begﬂg 1 "470"“3."36."33.’—31-!‘23&"27./
610¢¢ DATA SIGHV/

61109 1 ~96¢7-96e?-8BCe3-33e9-3J02~-ELer-BFer
61208 1 “931¢9-31er-85092-74e?-C5e9-65e9-C5es
61360 1 “Qfe?"BTar~T2e9-64er-5602-560r-560r
61489 1 “8509-7309-68¢1-56e3-51e9-5109-510r
6150¢ 1 “72e2~7209-5501-5309-48¢9-48e9-48¢»
61680 1 ~6301-6309~5Ber-LFes-4b40r-48e9-480e
617¢¢ 1 -BBor-8Cer-T7109-6G01=-B4er~E4er~-Eder
61809 1 ~76et ~TBar~620t-6fer~5Ber1-5B80r~Efer
619909 1 “Bfer-T1e9-5%e9-550s-52¢2-5245-524>
62¢a0 1 ~6601-66¢1-5562-3Be1-4502~345e5-450r
62100 1 ~CGler-61es-5de1~4603-4302-30¢1-3C01
62269 1 “57e9-57¢9-50e1-4401-3%01-3%a9~-3%4¢s
62300 1 ~7503-6809-6409-02¢3-0B0r-02as~030us
62400 1 78026501 -5C02-53es~TLes-4Te9-4C0ar
62549 1 ~6309-5B8e9-5302~4T01-4407-82¢3-38¢r
62648 1 ~58e9-5401-48e7-8307-33¢9-37e1-34
62780 3] ~55e9-4509-4243-30%5-370s-34e9~32¢>
62829 1 “5209-4341-38ea1-35e¢5~3309-3201~310/

62 9d¢ DATA ({(SIGBY(isdsK)s!212T)r n196)1K=425)/

63800 1 ~65e2-0409-G4e3-Giler-CBes-5Ces-4B 0
63189 1 ~6@er-5309-52e1-480s-45¢3-4303-57 s
632089 1 -5501-53e1-4009-4509-4101-3%¢1-370>
63362 1 ~4303-4301-4309-40e3-3Bev-3609-340e)
6342¢ 1 “38¢2-38¢1-38¢3-3502-3567-3309-37¢?
63500 1 ~38e91-3302-3802-33e1r-3162-37e5-300es
6360¢ 1 “45¢1-45a2~472-485¢2-3009-45e2-440
63700 1 “4007-40e1-42e7~4401-4201-4a2-3b e
638060 1 “35¢2-37¢1-3801-3709-36e1-3401-3307
63868 1 ~3409-34e1-343e7-3409-3209-3202-310e1
64200 1 ~30e9-3102-3102-3203-3102-2G09-2Ye?
64190 1 “2501-2809-2009-28e9-2609-2502-200/

64200 DATA 1LIM/2931295971259019502951295

R4300 1 215929501959 23592359296

64409 1 125310701070 t92st0 78107

64568 1 ToTols7rslalsbe7steTs 10l

64600 1 2979297310 Tets 707107/

64709 €

64809 ANG = POLRZ*3¢14159265/189.

649969 PAR(1) = AMAX (500« AMINI{XFRE»35330.))
65400 PAR{2) = AMAX1{1«2AMINI(X3EAU?6.))
651909 PAR(3) = AMAXT{1e2sAMINTI( 10 aXANGs 180.))
6520¢ DO 18 | = 193

65390 ND = NDX(1)

654 9@ DO 3¢ K = tsND

65540 IF(PAR(1)eGToXPAR(I'K)) 60 TO 39
65600 INDEX{191) = MAXB(A~-191)

65780 INDEX{1+2) = K

65609 GO 10 9

65980 3¢ CONTINUE

660629 9 IF(CINDEX{!122)eNEe1) GO TO 19

66100 INDEX! 192) = 2

662080 14 CONTINUE

66308 C

66422 c CHECK FOR NONEXISTENT DATA

66580 c

€660 c

66709 C CALCULATE SIGMA ZERO

66848 C
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66924
67390
6719¢
6720¢
67309
674480
67549
67689
67704
678400
879¢88
689909
68 169
682¢¢
68360
684090
68500
68600
687g¢
68808
68998
69099
63104
632¢0
69300
6948¢
69509
69640
69709
69888
69999
18009
18106
70209
18309
18409
10509
10640
19789
10888
78949
11800
71168
711209
71399
71409
71539
71639
71799
71860
11308
12008
72180
72208
72340
72400
12508
72639
12700
12889
72900
730040
73100

KAPLAN, GRINDLAY, AND DAVIS

IF(INDEX(1v1)eEQe INDEX{1¢2)eaAND«INDEX{2+1 )eEQeINDEX(292)
1sANDe INDEX(301)«EQeINDEX(302)) GO TO 53

SI1G1 = @
SiGZP = @
00 48 | = 12
DO 48 J = 192
DO 48 K = 192

1Tt = INDEX(10!)

IT2 = INDEX{29J)

178 = INDEX(3K)

IT1P = INDEX(1e3-1)

1T2P = INDEX(223-J)

1T3P = INDEX(3+3-K)

SIGZP = SIGZP + SIGEV(IT1e1T20173)w
1 ABS(XPAR( 151 T1P)-PAR(1))w
2 ABS(XPAR(2+172P)-PAR(2))*
3 ABS(XPAR(3s (T3P )-PAR(3))

48 SI16Z = SIGZ+ SIGOH(IT1»1T201T3)e

1 ABS(XPAR(1s I T1P}-PAR(1))»
2 ABS(XPAR(2+1T2P)-PAR(2))w
3 ABS(XPAR(3»I1T3P)-PAR(3))
SIGN = 1

DO 89 1=1:3

ITT = INDEX(191)
172 = INDEX(112)
IF{XPAR(191T1)eEQXPAR(Is1T2)) GO TO 89
SIGN = SIGN«(XPAR(I+1T2)-XPARCI»ITY))
86 CONT!NUE
S1GZ = SI1GZ/SIGN
S16ZF = S)GZP/SIGN
G0 TO o
50 CONTINUE
1T INDEX(1s1)
1712 INDEX(201)
173 INDEX(3921)
S516Z = S1GAH(IT1s1T2,1T73)
S16ZP = S1GAv(IT1s1T29173)
6@ CONTINUE
SIGZP = 19e2«(SI1GZP/1Zs)
SIGZ = 1deww(S162/10)
S$162 = SORT((S1GZ~#COS(ANG))ww2 + (S1GZP«SIN(ANG))ew2)
RETURN
END

1]

LA AL RS A AR AR A2 R 2R 222X 22222222222 R ld ]l

SUBROUTINE NEWPOST(NT)

COMMON NSCANISNEXTINUMTGT»T>OLDT»ENDTIMEsSMODE( 152 18)
sP1sPIOVER2» TWOP! sRADIANS TAUC15) +DSTAR»DML(15)
1XYZ1(1828)sXYZF(1894) »TRGPOS( 189 7) 951 GJAM( 1)

sSIGTARC1993) s FHV(1B) o SIGMAHY ISWI T TEMPWR
sSHIP(4)RC(15)sRMODE(15912)» IMODE(1592)9CUN(40369+2)

COMMON/B/ ENVIR(16)9SUBC(15)s RE*CNMsCCMs ACONPBETA

1 DOTPsPOLRZ» IKEYFoXKTOMS o XNMTOM» TARCS sWVL2FOPIGB»FOP1SC

COMMON/C/ DEL(3)sVEL(3)s»VELMAG2
DATA NOLD/@/sTOLD/-1E~35/
N1=1
IF (TeNE«TOLD) GO 10 1
1F (NTeLEeNOLD) RETURN
N1=NOLD+1

1 NOLD=NT

P ROT R gy

A-12



73200
73300
73480
73500
73680
13700
7380¢
73998
744089
74100
74200
74328
74409
74500
746089
74709
74800
74990
75009
75190
75200
75309
75400
75500
15606
157090
75880
75909
16800
76188
16200
763¢0
76403
16504
7668¢
76709
76800
76909
17p¢¢
17148
17208
17308
77490
77560
77689
17700
178090
179480
18908
78108
7182080
783082
784239
78540
78600
78769
78809
7892¢
196¢0¢
79168
19289
79306
19440

19

28

39

49
50

82
90

NRL REPORT 8037

TOoLD=T
DO 98 J=N1sNT
CT=(T-XYZI(J94))/(XYZF(Jr4)-XYZ1(Jr4))
DOTP = @
DO 5 I=193
TROPOS(J2 1 )=XYZI(Jo ) )+DTo(XYZF(Jo1)=XYZ1(J21))
DEL(t)=TRGPOS(Js|)-SHIP(I)
DOTP = DOTP + (DEL(I)*VEL(1))
CONTINUE
DSTAR=9542eSHIP(4)
DX=DEL(1)
DY=DEL(2)
DZ=DEL(3)
D=SQRT(DX*DX+DY*DY)
DHALF=SORT(D)
TRGPOS(J24)=SORT(OX#DX+DY*DY+DZ2D7)
TRGPOS(Js7) = D
DOTP = DOTP/(SQRT(VELMAG2)#TRGPOS(Jr4))
IF (DeGToeBedBPAB1) GO TO 10
THE TARGET IS NOW DIRECTLY OVERHEAD
TRGPOS(J26)=P!0VER2
60 T0 29
B=DHALF/95+2-SHIP(4)/DHALF
BPRIME=TRGPOS(Js 3)/D-B#8B
IF (BPRIMEoLTeeBeANDeDeGToDSTAR) GO TO 88
THE TARGET HAS NOW BEEN FOUND TO BE IN SIGHT
TRGPOS(J96) = ATAN(BPRIME)
NOW COMPUTE THE TARGET HORIZONTAL ANGLE (CCW FROM EAST)

IF (ABS(DX)eGTe@edB0881) GO TO 38

THE TARGET 1S AT PLUS OR MINUS P}/2

BTEMP = PIOVER2

IF (DYeGEeBoeB) GO TO 49
BTEMP = -PIOVER2
60 T0 44
BTEMP = ATAN(DY/DX}

IF (DXeGEeBeB) GG TO 48
BTEMP = BTEMP+PI

IF (BTEMPeGEe@e@) CO TC S8
BTEMP = BTEMP+TWOP!
TRGPOS(Js5)=BTEMP
60 1O 9¢

THE FOLLOWING APPLIES TO AN OUT OF SIGHT TARGET
TRGPOS(J94)=-TRGPOS(Js4)
CONTINUE
RETURN
END

(22222202202 d AR R R A 2 22222 22 22222222 2222222 )

—d b

1

SUBROUTINE NEXTSCN

COMMON NSCANSNEXTaNUMTGTsT»OLDT2ENDTIMEsSMODE(15518)
sP1sPIOVER2+TWOP IsRADIANSTAU(15)sDSTARDWL(15)
oXYZ1(1824)9XYZF(18+4)9 TRGPOS(1827)»SI1GJAM(18)

sSIGTAR(1893)oFHY(18)9SIGMAH ISW!I Ts TEMPWR

sSHIP(4)sRC(15)sRMODE( 159 12) 9 IMODE(1592) sCUM(438D92)

COMMON/B/ ENVIR(12)sSUBC(15)9REsCNMsCCM9s ACONIBETA Y,
DOTPSPOLRZ s IKEYFoXATOMS 9 XNMTOM TARCS s WVLsFOPI10BFOP1SO

18 TMIN=1eE38

NEXT=0
DO 28 J=19NSCAN
IF (RMODE(J99)eGE«TMIN) GO TO 26

A-13



795¢9
79609
19709
79808
799¢¢
80000
80109
802049
86390
88494
8¢5900
80698
80700
B899
8¢999
81009
8110¢
81209
81380
81429
81509
8164¢
81799
818¢s
81909
82060
82128
8226¢
823e¢
82400
825¢¢
82690
827489
82809
829¢06
8306¢
83160
832080
833¢0
83400
835684
83660
83709
83880
83908
84g4d¢d
84102
842¢0
84380
844c0
84500
846040
847¢¢
84p08p
84990
854@0
85109
85289
85360
854090
85580
85600
85704

28

39

KAPLAN, GRINDLAY, AND DAVIS

THINSRMODE(J29)

NEXT=d
CONTINUE

T=THIN
JENEXT
RMODE(Js9)=RMODE (U2 9) +RMODE(J?25)

CALL NEWPOST(1)

IF (TRGPOS(1+4)¢GTe@e2) 60 TC 34

IF (T+LEENDTIME) GO TO 1@

RETURN

TEMP = RMODE(J21) - RC(2)ede63«RC(5)

IF (TRGPOS(196) oOEe TEMP oANDe TRGPOS(196) oLEe
1 RMODE(Js2)«ANDeTRGPOS( 194) e LERMODE(J2 T)
1 eANDe TRGPOS(194)«GTeSMODE(J» 1) JRETURN
Go 10 10
END

Y23 s s R R R R R R X E R AR AR RSS2SR AR RRREER AR 2R 222 01

29

49

55

66

k']
65

FUNCTION BEAM{ALPHABETA»GAMMAPAEY 1)

COMMON/ 1/ PBOS»HOFK s THETIK s 0BDOWNs THH2 THYs GN

COMMON NSCANSNEXToNUMTGT»ToOLDTIENDTIME s SMODE(15918)
YPIsPIIVERZSTHWOPI sRACIANI TAU{15) 935 TARSORL(15)
sXYZ1C1804)oXYZF(1804)2 TRGPIS{ 17 » SUBIAR( I

sSIGTARCIB3) s FHV( 1) sSIGMAHY 15W I T TEMPYR

sSHIP(A)sRC(T1E) sRMOCE (155 1205 [4IDE(1592) 0 SUM( e 25002,

THETA=2e73%ALPHL/BETA

JF(GAMMASED s 1ee L eKEY10EQe1) GO TC 4¢

I1F (THETA«GTe 1e€E-G) GC 1O 2¢

S1hC=1e8

60 10 38

SING = (SIN(THETA)/THETA)#e2

SINC=AMAX 1(DHOOWNISINC)

IF(ABS(THETL ) eGT+3¢14159)S I NC=DBDUWN

60 TG 3¢

CONT I NUE

THETBK = 2+#PBBS

HOFK = e25¢( THETBK+SORT(THETBA*THETEK+3e1#RC(5)#RC(5)))

JF{(PRBS ~ALPHAGTeHOFK) GO TO 54

|F(ABS(THETA)+GTe1sE=-6) GO TO 55

SINC = te

GG 10 3¢

SINC = (SIN(THETA)/THETA)ws2

GO TO 38

CONTINUE

|F{PEBS-ALPHA oLTe RMODE(NEXT®#2)) GO 7O 60

SINC = DBOOWN

GO T0 3¢

CONTINUE

THETA = 2e7832(HOFA~PBBS) /BETA

SINC = (SIN(THETA)/THETASSINCHOFK) /SIN(PBBS-ALPHA) )#e2

BEAM = SINC

CONTINUE

RETURN

END

b b b

X PRI TR R IR AR AR A2 SRR S RSN AL RSN AR RARSEARL AR )R] 2]

FUNCTION SMLANG (ANGLE)
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85809
85940
86809
86180
86208
86360
86400
865989
86600
86700
86800
86960
87160
87154
87200
873012
87488
87598
87609
87780
67609
879980
gs@ae
88140
Bg2p¢
8813¢9
8849
88500
88680
88708
88800
88909
89008
89109
89200
89389
89400
89549
8964¢
89700
CELT L)
89980
9406¢e
9IP188
99209
96349
96400
9¢5¢8
906430
99 704
92849
98930
9188¢
91189
91208
91300
91489
91508
91680
91740
31808
91989
920¢0

19

28
38

NRL REPORT 8037

Pl = 301415926536
THOPI = 2P|
A=ABS(ANGLE)

IF (AeLTeTWOP!) GO TO 28
AsA-TWOPI

60 T0 10

IF (AelLTeP!) 60 T0 30
AzTWOPI-A

SMLANG=A

RETURN

END

LIA SR AR Al R R 22 a2 22 1 2R R2R2222020R2222 2222222222 222X

¢
%

(]

18

SUBROUTINE MATCH
COMMON NSCANPNEXTsNUMTGT»ToOLDTSENDTIMEsSKODE( 159 12)
sPIsPLOVER2» TWOPt s RADIANYTAUC 15) #DSTARSOWL(15)
sXYZI(1Cs4) o XYZF{ 1894} s TRGPOS(1857)5S16JAM(18)
sSIGTAR( 1D 3) s FHY(18)2SIGMAH ISWI T+ TEMPRR
.SHIP(4)'RC(15)»RMODE(15,12)-lﬂDDE(?S-Z)ouUM(AGEG.z)
COMMON/B/ ENVIR(16)2SUBC(15)sRESCNMICCMI ACONSBETAY

[

1 DOTPsPOLRZ s IAEYF s XKTOMS s XNMTCMs TARCS sWVL s FGPIODFCPISO

COMMON/C/ A(3)»8(3)9BMAG2

MATCH SCANTIME VALUES WITH TIMES THAT THE TARGET
COMES WITHIN THE SCOPE LIMITS.

DO 14 K=193

A(K)=XYZ1(194)=SHIP(K)
B(K)=XYZF{AsK)-XYZI (1K)

CONTI NUE
AMAG2=A(1)%A(1)+a(2)*A(2)+A(3)»A(3)
BMAG2=8(1)eB(1)+38(2)#8(2)+8(3)%B(3)
ADOTB=A(1)#B(1)+a(2)*8(2)+4(3)#*3(3)
ADOTB2=AD0OTE+ADOTH

" DO BS 1=1sNSCAN

56
66

89

RMODE(199)=RMODE(198)+XYZ1(104)
RZ=RMODE( I+ 7)sRMODE((+7)
DISC=ADOTB2-BMAG2#*(AMAG2 -R2)
IF (DISCeGEGaB) GO TO 53

THIS APPLIES TO A TARGET WHICH NEVER GETS WITHIN RANGE
RMGOE( | »9)=ENDT IKE+1e8
60 TO 88
TERM=SORT(DISC)
UMINUS=-123%(ADOTB+TERM) /BMAG2
UPLUS=(TERM-ADOTB)/8MAG2
WM NUSSAMAX T{UMINUS 23 3)
WPLUS=AMINI(UPLUSs148)
IF (WMINUSGTeWPLUS) 60 TO S@
XSCANSXYZI( 194 )+WMINUSw(XYZF(104)-XYZ1(1e4))
IF (RMODE(1+9)+GE«XSCAN) GO T0 89
XN=AINT((XSCAN-RMODE(1+9)) /RMODE(i95))
RHMODE(199)=RMODE(»9)+XNSRMODE([+5)
IF (XSCANSEQeRMODE(!»9)) GO TO 89
RMODE (1 99)=RMNODE(1+9)+RMODE(¢5)
CONTINUE
RETURN
END

AAAA 22 AR AR 2R AR AR R AR AR A R X222 RdR2 2222 )2 ]
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92189
92209
923406
92400
925080
92600
92700
92804
92998
93000
93144
93200
93308
93480
93580
93699
8937900
93890
9390¢
940869
S41¢e
94290
94 308
94409
945908
946089
94740
948060
94949
950030
95199
952008
95309
95489
95500
95620
95700
95886
95908
96800
96148
96268
96399
96480
96509
96602
96780
9680a¢
96980
97889
97188
97290
97309
374990
97508
976¢€0
8778¢
87800
97900
98000
98 108
96249
98300

8

KAPLAN, GRINDLAY, AND DAVIS

SUBROUTINE TARSIG

COMMON NSCANINEXTsNUMTGToToOLDT*ENDTIME»SHODE(15910)

1 P IP[OVER2y TWOP I sRADI AN» TAU(15) sDSTARs DWL{15)

1 e XYZ1(1094) s XYZF(1854) s TRGPOS( 1897)sSIGJAN( 1)

1 1S1GTAR(1893) s FHV{18) sSIGMAHS [SWI T TEMPWR

1 #SHIP(4)sRC(15)2RMODE(15912) » IMODE(1592)2CUN(483¢2)

COMMON/B/ ENVIR(18)9SUBC(15)2REsCNMsCCMrACON?BETAY ~
DOTPsPOLRZ s IKEYF2»XKTOMS » XNMTOMs TARCS #WVLyFOP10B»FOP1S0O

DIMENSION TEMP(4)

COMMON/E/ A(4)

TEMP(1) = DOTP

DO 19 | = 24

TEMP(1) = 2ewTEMP(I-1)we2-10

TARCS = A(4) + A(3)TEMP(4) + A(2)*TEMP(3) - A(1)eTEMP(2)
RETURN

END

A 22223 RISLIAS SR ISAR SR RSS2 R 2R Rl 222 R R) 222 ])

SUBRCUTINE INTER(DELT»As485B8sBB83sCsCC)

ADB = ALOG(A) - DELT#ALOG(AA)

B8DB = ALOG(B) - DELT*ALOG(BB)

CD8 = (BOB-ADB)e(CC-AA)/(DB-AA) + ADB
C = CCweDELT#EXP(CDB)

RETURN

END

(X X222 X2 XX 232 R X2 R RS2 2 2R 222X R R R AR RS RS2 22222 2 X2 2}

SUBROUTINE UFUN(Z»CA»CANS)

COMMON NSCANsSNEXTsNUMTGTs ToOLDTsENDT IME» SMODE(15518)
sP1 P IOVER2 TWOP | sRADI AN TAUC1S) s DSTARPDWL (15)
XYZI(1Bs8)sXYZFE(1834) s TRGPOS(1897)»S1GIAM{1B)

$SIGTAR( 129 3)sFHV(18)»SIGMAHs ISH| T+ TEMPWR

sSHIP(4)sRC(15) o RMODE( 15912)» IMODE(1592)sCUM(4803+2)

COMMON/B8/ ENVIR(18)9sSUHC(15) »RE+s CNMsCCHoACONPBETAY

1 DOTP sPOLRZ s IKEYFoXKTOMS s XNMTOM s TARCS s WYL sFOP10B»FOP IS0

COMPLEX CAYCANS»CIsCXP39CZ9CA19CZ39CAI3sCFIsCFIPPCGICGIP

1 sCFaCFPrCG9CGPsCH29CH2PsCDZ9CDAYCZ49CA149CCEPCCEA

1 sCCrCCPICAIRICAIRPICFMyCFPMICGMsCGPMCOLDA

IF{1SWiTeEQs1) GO TO 5

Cl = (Zefrte)

XC1 «355828¢539

XC2 = 2588194038

RTPI = SQRT(PI)

CXP3 = CEXP(CI*P1/3s)

CA1 = CA*CXP3

oLpZ = ¢

P S 'y

=
=

5 CONTINUE

IF(Z+€0.0LDZ) 60 TO 80

oLD? = 17

CZ = (Z+CA)}eCXP3

IKEY = @

IF(CABS(CZ)e6Te3e) IKEY = [KEY#1
IF(CABS(CA1)eGTa3e) IKEY = IKEY+2
IF(IKEY «EQe3) GO TO 18

JFCISH ! TeEQe1oANDe I KEYoEQe1) 6O TO 12
CZ3 = CZ=CZ=CZ

CA13 = CA1eCATeCAY
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984498
88508
98680
98700
98800
98900
99089
99198
99200
99349
99499
995046
99608
997849
998068
99949

p¥ 198
69228
29360
694093
Basee
02608
favo0
87808
2a94¢
21080
¢11de
81200
21388
01403
2158¢
91640
pi7e8
2t8de
#1920
02000
021949
2200
82308
82400
p2500
8260¢
82709
82800
82990
03029
23100
03298
€3340
03483
83589
03609
#3703
23892
03940
#4008
#4140
04249
943089
64499
84502
4609
84750

NRL REPORT 8037

CFI =1
CFip =9
C6I = ¢cA
CGIP = 1
CFM = 1o
CFPM = 1e/CAt
CGM = CZ
cGPM = 1
XMUL1 = 1
XMyL2 = 1
| = @

20 t = I+

XMULT = XMUL1/(3eie(3e(~-1))

XMULZ = XMUL2/((3=i+1)e3w|)

CFM = CFMe(CZ3

CFPM = CFPMeCA13w(3%1) /(MAXB(1+32]-3))

CGM = CGMeCZ3

CGPM = CGPMwCA138(3ei+1)/{321-2)
CF = XMUL1*CFM

CFP = XMUL12CFPM

REA1 = REAL(CF)
COM1 = AIMAG(CF)
REA2 = REAL(CFP)
Cot2 = AIMAG(CFP)
CG = XMuL2=CGY
CGP = XMUL2+CGPH
CFl = CFI+CF

CFIP = CFIP+CFP
CGi = CGI+CG

CGIP = CGIP+CGP
IKEY1 = [KEY™
REA = REAL(CFI)
COM = AIMAG(CFI!)
GO T0 (22923224) I[KEY1
22 1F(CABS(XCI1#CF-XC2#CG)eLToeBBS*CABS(XC1#CFI-XC2#CGI)eANDs

1 CABS(XCI1%CFP-XC2¢CGP) oL TooAi@5«CABS(XC1*CFIP-XC2#CGIP))
1 GO TO 21
6o T0 2@

23 IF(CABS(XC1#CFP-XC2#CGP)eLToe@F5«CABS(XC12CFIP-XC2#C61P))
1 G0 10 21
Go T0 29
24 IF(CABS(XC1eCF-XC2¢C6)el TooBPSeCABS{XC14CFI-XC22CG61))
1 60 10 21
60 10 2¢
21 CONTINUE
VFCIKEYoEDet) 60 7O 25
CH2 = Cl*3.02617¢(XC12CF|-XC2#CG1)
25 IF(1KEYeLTe2) CH2P = CI1*3¢@82617(XC1eCFIP-XC2*¢COIP)CXP3
1F(IKEY «EQe@) 60 TO 78
IF{ISRiTeEQe 1eANDeIKEY«EQe2) 60 TO 70

10 CONTINUE
CDZ = 26/3ewCEXP(15#CLOG(CZ))
CDA = 29/3e«CEXP(145+CLOG(CAT))
CZ4 = 1+/CSORT(CSORT(CZ))

Ca14 = CSQRT(CSQRT(CAT))
CCE = CEXP(-C0Z)

CCEA = CEXP(-CDA)

CC = «5%CZ4#»CCE/RTPI

CCP = -o5oCA14«CCCA/RIPI

XMULY = 1o
CAIR = 1
CAIRP = 1
CFR = 1.
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248909
249900
05900
85199
#5204
£53¢¢
#5409
95540
85609
05706
5860
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#6609
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#6302
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LLE
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07160
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87300
874208
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67608
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879¢e
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28198
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08400
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28740
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ERT 1Y
LR
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29400
#9509
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#9809
999090
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11000
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51
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60
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CFPM = 1.
I =2

1 = I+

K = go]-1

DO 50 J = 123

XHULT = XMUL 1eK

K = K-2

CONT I NUE

XMUL1 = XMUL1/(2160(*(2%1-1))

CFM = CFM/CDZ

CF = XMUL1«CFM

CFPM = CFPMa((G+I1+1)/{1-6%1))/CDA

CFP = XMUL1=CFPM

CAIR = CAIR+(-1)=2|*CF

CAIRP = CAJRP+(-1)ra|aCFP

GO TO (51+52953) IKEY
IF{CABS(CF)aLTee332) GO TD 62

GO TO 49

IF(CABS(CFP)eLTeoP82) 60 T3 64

GO 70 49
IF(CABS(CF)eLTeolR@24ANDICARS(LFP)e . TaefE2) GO TL 68
60 TO 49

CONTINUE

IFCIKEYaNEe2) CH2 = CI®#3e@2617¢CCCAIR
IFOIKEY oGEo2) CH2P = CIw34326179CCP*CAIRPeCXP3
CONTINUE

CANS = CI®CH2/CH2P

COLDA = CANS

RETURN

CANS = COLDA

RETURN

(END

RENAR AR EANARR SR RPN AR CANNAE RN N RSN N R AT A REE GO A AL L L AVRONOO NP RNNS
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SUBROUTINE RNGCEN(DELT*SR1#SR29R12R21S)

COMMON NSCANSNEXTsNUMTGT»TsOLDToENDTIME+SMODE( 155 10)
sPIsPIOVER2TWOP | sRADIAN» TAU(15)sDSTAR DWL(E)
XYZ1(1B94) s XYZF( 1094} v TROGPOS (129 T)9S1GJAN(12)

sSIGTAR(C1893) oFHY( 18) 9 SIGMAH ISWI T2 TEMPHR
sSHIP(4)YsRC{15) sRMODE(15¢12) 9 IMCDE(1592) s CUM{4ABA2)

COMMON/B/ ENVIR(18)»SUBC(15)»REPCNM»CCMIACONIBETAY

1 DOTP*POLRZ IKEYFs XA TOMS»XNNTCHo TARCS oW VLPFOPIQBSFOPISO

COMMON/F/HRs HT

1 = @

CONTINUE

ASS = REwSeS

V1 = SORT(1e+2¢#HR/ASS)

V2 3 SORT(1le+2e«HT/ASS)
V = (Te+V1)/HR + (1e+V2) /KT

F = d4e#S/V - DELT

FP = 4e#V + Be/ASS » (1e/V1+1e/V2)

FP =

S

!

|

P R Y Y

FP/(yev)
= S-F/FP
F(ABS(F)eLT«DELT/18e) GO TO 20
F(leGTe18) G5 TC 28
I = |+
60 YO 1@
CONT INUE
ASS = REw%S*S
T = 2e*HR

A-18
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11688
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11998
12080
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14746
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15980
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16100
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16600
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39
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RY = T/(S+SORT((ASS+T)/RE))

T = ZQ'HT

R2 = T/(S+SORT((ASS+T)/RE))

SR1 = SOGRT((R1*R1-HR*HR) /{T1e+HR/RE))
SRZ = SORT((R2+R2-HTwHT)/(1e+HT/RE))
RETURN

END

(22232222222 R RSS2 X222 222 RSS2 22222222 X2 2R R 222 )

SUBROUTINE GAIN(IKEY s ITARsGAINR)

COMMON NSCANINEXTsNUMTGTs»ToOLOToENDTIMEsSHODE(15015)
sPLoPIOVER2TWOP I »RADIANLTAU(15)» OSTARIOWL(15)
oXYZ1(1P94) o XYZF(1894) s TRGPOS(18+7)sSIGIAM(18)

sSISTAR(1G93) 2 FHV(10) 2SI GMAHS [SWI T TEMPHR
sSHIP(4)vRC(15)sRNODE( 155 12) ¢ IMODE( 1502) 2 CUN( 4880+2)

COMMON/B/ ENVIR(18)9sSUBC(15)sREsCNMsCCMrACONIBET A

1 DOTPYPOLRZ o IKEYFoXKTOMS s XNMTOM» TARCSos WYL *FOPIGB»FOPISO

COMMON/G/ SRTARsSINPSI+COSPSI
COMMON/1/ PBBS»HOFK s THETBK s DBDOWN? THH2 THV 2 GN
IF(IKEYeEQe1) GO TO 18

GAINR = SQRT(FHV(|TAR))

RETURN

CONTINUE

OAH = SMLANG(TRGPOS(1+5)-TRGPOS(ITAR?5))

ALFV = (2+*SRTAR®SINPSI*COSPSI/{TRGPOS(ITAR4)«XNMTON))
IFCALFVeLEe14)60 TO 38

IF(ALFVeLEe1¢31)G0 TO 40

ALFV=1e

CONT! NUE

ALFY=ASINCALFY)

ALFV = TRGPOS(ITARsG)~-ALFV

OAV = SHLANG(TRGPOS(1»6)-ALFV)

1F(RC(2)oEQe1e) OAV = (PBBS-ALFV)
IF(RC(2)eEOe1e) 60 TO 22
IF(OAHoLE o(1e13%RC(4))oANDeOAVeLE(1413¢RC(5))) 6O TO 28

GAINR = RC(T7)

RETURN

FH = BEAM(OAH*RC(4)9RC(2)9+8)

FV = BEAM{OAVIRC(S)sRC(2)01)

GAINR = FHeFV

GAINR = AMAXI{RC(7)»SOKT(GAINR))

RETURN

END

b b D

L2422 A A2 AR AR A2 222222 2222222220222 2202 2224222222222 2]

SUBROUTINE MULPTH(ITARsFAC)

COMMON NSCANSNEXTsNUMTGTsTsOLDTsENDTIMESSMODE(15518)

1 sPIIPIOVER2»TWOPIsRADIAN2TAU(15)sDSTARDWL(15)

1 yXYZ1(1094)sXYZF(1824) s TRGPOS(1897)+S16JAM(18)

1 sSI1GTAR(1893) s FHV(18) 2SI GMAH» {SWIT>TEMPR

1 sSHIP(4)sRC(15) yRMODE( 159 12)» IMODE(1592) s CUM( 4807 »2)
COMMON/B/ ENVIR(18)»SUBC(15)9sREsCNMsCCMs ACONIBETA»

1 DOTPoPOLRZ s IKEYF2XKTOMSs XNMTOMs TARCSs WVLsFOP 10BSFOPISQ
COMMON/F/ HROHT

COMMON/G/SRTAR2»SINPS|1sCOSPS|

COMPLEX CIsCTEMYsCPsCA9CU19CU29CTEMWICGAMYCGAMH

1 sCOAM

FAC = 1e
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17598 IF(ENVIR(3) ¢ECe #¢) RETURN

17608 1F(ISWI TeEOe1) GO TO S

17700 XNZERO = 1.806313

17808 HR = SHIP(3)*XNMTOM

17908 RAR = HR/RE

18000 CHR = HR*(1e-RAR)

18108 XKPAR = 2e%P1/NWVL

18200 XFRE=RC(1)+DWL{NEXT)

18300 |F(XFRE«GTe1588¢) GO TO 6

18408 EPST = 8@

18549 SI61 = 43

18600 GO TO 8

18708 6 IF(XFRE«GTe3888¢) GO TO 7

188060 EPS1 = 88e-BeB8733%(XFRE-1500+)

18949 SIG1 = 403484081489 (XFRE-1500¢)

1908400 60 TO 8

19100 7 EPS1 = 69-0+8905714%(XFRE-30808.)

19289 SIG1 = 8e52+8+831314«(XFRE-3080.)

19369 8 CONTINUE

19490 Cl = (Befs1s)

19568 CTEMY = CMPLX(EPS1»-60+eWVL*S161)

19640 ~ XKZERO = XKPAReXNZERO .

19768 H = (2e#XKZERO®XKZERO/RE)®e(~10/30)
19800 XL = 2ew(4eeXKZERO/(RE®RE))we(-10/30)
19940 21 =HR/H

208000 CP = CSORT(CTEMY - 1s)

20100 IF (REAL(CP) oLTe Be) CP = -1efeCP

202409 CP = CPeCI#XKZERO*(COS(POLRZ/RADIAN)
20308 1 + SIN(POLRZ/RADIAN)/CTEMY)

20409 CA = 2e3381*CEXP(CIw2ewP|/3e) + 1e/(HeCP)
20580 XIMCA = AIMAG(CA)

20630 CALL UFUN(Z1+CAsCUT)

20708 ISWIT = 1

2080¢ 5 CONTINUE

26980 IKEY = -1

21209 GRRT = TRGPOS(ITARs7)*XNMTOM

21100 20 GONTINUE

21288 HT = TRGPOS(ITAR?3)«XNMTOM

213900 HSUM = HR+HT

21480 RAT = HT/RE

21508 CHT = HTe(1e-RAT)

21600 TEMP = SORT(de/3e*(RE*(CHR+CHT)+GRRT*GRRT/4¢))
21799 TEMPHI = ACOS(2+#RE®GRRT®ABS(CHR-CHT)/(TEMP*TEMP*TEMP))
21880 GRRAD = GRRT/2e+SIGN(TesCHR-CHT)#TEMP«COS((TEMPHI+P1)/3e)
21900 GRTAR = GRRT-GRRAD

22009 SRRAD = SQRT(HR®HR+(1e+RAR)*GRRAD*GRRAD)
22100 SRTAR = SQRT(HTeHT+(1e+RAT)*GRTAR®GRTAR)
22290 TANPS| = CHR/GRRAD - GRRAD/(2+¢RE)

22300 IF(TANPS|eLE«@) GO TO 42

22490 COSPSI = GRRAD/SRRADe(1e+RAR)

22509 SINPSI = GRRAD/SRRAD*(TANPS{+HR/GRRAD*RAR)
22608 58 CONTINUE

22760 RREF = SRRAD+SRTAR

22809 PRREF = SRRAD*SRTAR

22990 TEMW = 2e#PRREF/RREF

230089 DISP = SORT((1e-HSUM/RE)*RREF/GRRT

23108 1 «COSPS1/(1e+TEMW/ (RE*SINPS])))
232080 TEMG = (2e*SINPS|/RREF)ew2«PRREF

23309 PTHOIF = RREF*TEMG/{1s+SQRT(1e-TEMG))
22400 IF(IKEY«EQe1) GO TO 3¢

23500 IF(PTHDIFoGE eWYL/40) GO TO 38

23600 IKEY = 1

23780 CRITR = GRRT

A-20
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XNAT = CRITR/ZXL

SINPS| = 2e2WVL/4e*HSUM/(WVYL/4e®WVL/4e+4e2HRONT)
CALL RNSCEN(WVL/4¢9GRRADIGRTAR?SRRADISRTAR»SINPSI)
GRRT = GRRAD + GRTAR

CRITR = GRRT

COSPS| = SORT(1e-SINPSI®SINPS})

XNAT1 = CRITR/XL

GO TO S¢

CONT I NUE

CTEMW = CSORT(CTEMY-COSPS!eCOSPSI)

IF(REAL(CTEMW) oLTe Bo) CTEMN = -1e@«CTEMN
CGAMV = (CTEMY®SINPSI~CTENW)/(CTEMY®SINPSI+CTEMN)
CGAMH = (SINPS)-CTEMW)/(SINPSI+CTEMW)

CGANR = eS*CLOG((CGAMH=COS(POLRZ/RADIAN))»s2
1 +(CGAMVeSIN(POLRZ/RADIAN))we2)
COAMI=AIMAG(CGAM)

IF ( CGAM! oGTe Be@8 ) 6G0TO 51

CGAM=CMPLX( REAL(CGAM)»3¢1416+CGAMI)

CGAM=CEXP( CGAM )

RHOREF = CABS(CGANM)

PHIREF = AIMAG(CLOG(CGAM))

TEMGT = (2e*XKPAR®S|GMAH®SINPS|)we2

XMUR = EXP(-TEMG1/2¢)

CALL GAIN(1sITARIGV)

CALL GAIN(@+ITARYGD)

FAC1 = CABS(1e+8V/GD*RHOREF*DISPeXMURSCEXP(CIw(-XKZEROw

1 PTHDIF-PHIREF)))
IF{IKEYeEQe-1) 60 TO 10
72 = HT/H

XNAT2 = 2¢«(SORT(2eoREWCHT) + SQRT(2e*RE*CHR))/XL
CALL UFUN(Z22CArCU2)

FAC2 = 2+¢SORT(PI®XNAT2)&EXP(~XIMCA®XNAT2)eCABS (CU1#CU2)
CALL INTER(O9FACT1sXNATI9FACZ2 XNAT29FACIXNAT)
RETURN

FAC = FACY

RETURN

CONTINUE

FAC = 1+E-29

RETURN

END

222322 RRR RS RS2 RA AR RERRSAR AR AR 2R R R 2222 22 )

[N <] OO OoOOO0 OO0

SUBROUTINE MARSWR(SNRsNsFAsKASEIPN)

INPUTS ARE -~ SNR» SIGHAL-TO-NOISC RATI] --

N» NUMBER OF PULSES INTEGRATED =--

FAs> FALSE ALARM PROBABILITY» EXPRCSSLL &S 2uSCLUTE VALJUE OF POWEL
OF TEN (EeGes FA = 8¢ MEANS 1Beww(-8e¢) FALSE ALARY PRUGABILITY --
KASEs SWERLING FLUCTUATIOMN MCDEL» WITH KASC = € FOR NONFLUCTUATING

OUTPUT PN IS PROBASILITY JF DCTECTUIONM

BASED ON PROGRAM WRITTEN ATJHU APPLIED PHYSICS LABORATORY» NAMED
SUBROUTIMNE MARCUMs MODIFIED AT NRL BY Le Ve BLAKEe THIS VERSION
DATED APRIL 197

APL VERSION DEFINED FA AS FALSE ALARM NUMBER (MARCUM CONCEPT)e

NRL MOD CHANGED THIS TO FALSE ALARM PROBABILITY (AS DEFINED ABOVE)

SOME OTHER CHANGES ALSOe
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33600
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35808
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36108

oo o000

[r X+ N )

OO0

SO0
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888

945

[ 4

11

1¢

12
14

16

18

28
22

24
39
177
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DOUBLE PRECIS!ION ENPRsYBPRoGAMPRIPYBoHI YBoEGsY 19E 1o STEP»YB
DOUBLE PRECISION DGAMr DEVAL® SUMLOG» SUMLs FAN» EN

COMPUTE MARCUM-SWERLING DETECTION PROBABILITIES

MODE=1
IF MODE IS 1» CONVERT FA TO MEAN EXPONENT OF FALSE-ALARM
PROBABILITY RATHER THAN NARCUM FALSE-ALARM NUMBER

IF (MODE) 808» 800» 308

FAN =DLOG18(0LOG(«508) /0LOG( Te~{ 1BeD@)un(-FA)))
60 10 9085

FAN = FA

TEST INFUTS

IF(M) 9999992
1IF(FA)99599+3
IF(KASE) 892494
IF(KASE-4) 655999

ESTIMATE BlAS LEVEL

ENPR = @
ENPR = FAN
EN = N
YBPR = @

IF (NPREV «EQe N «ANDs FAPREYV oE0« FA) 60 TO 777
IF(N-12) 72748

YBPR = EN#(1e422¢ENPR/ENex{(2eDB/3008)+s@15=ENPR))
60 TO 11

YBPR = ENw(1le+1e3¢ENPR/EN®*(o5+e311%ENFR))

COMPUTE BIAS LEVEL

ENPR = 19eweENPR

GAMPR = DGAM(YBPRIN-1)
PYB = eSee(1s/ENPR)
SUML = SUMLOG(N-1)
'F(GAMPR-PYB) 19412912

H 2 81

60 TO 14

H = -eB1

Y& = YBPR

E@ = DEVAL(YA»N-1sSUML)
Y1 = yaep

E1 = DEVAL(Y1eN-1sSUML)

STEP = GAMPR + H#(EZ+E1)/2e
IFCOSIGN(1eDB»STEP-PYB)~DSIGN{1eDEsH)) 18+20+18
Yeg = vt

E® = E1

GAMPR = STEP

GO 10 16

IF(H) 22124924

YB = Y1 - He(PYB-STEP)/(GAMPR-STEP)
GO 10 3¢

YB = Y§ + He(PYB-GAMPR)/(STEP-GAMPR)
BIAS = YB

YB = BIAS

NPREV = N

FAPREV = Fa
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36200 c SELECT M-S CASE

36388 C

3649¢ X = SNR

36500 K = KASE+1

36688 GO TO (190+298»3088+480+580) K
367489 c

k1{:1-T"] C CASE @

369482 C

37008 108 SUM = Qe

37108 c PATCH TO AVOID EXP OVERFLOW
372090 IF(SNR «LTe 88+) GO TO 1#1
37349 PN = 1o

37403 RETURN

3750¢ 11 CONTINUE

37660 P = ENeX

37749 IF(YB-P-CN) 153»192»1p92

37860 102 KS = -(EN+1a)/2% + SORT({(EN-14)/2¢)v02+PuYB)
379849 KS = MAXB(KS )

38008 6S = 1e-BAM(YBeKS+N-1»TN)
38194 18 = EVAL(PsKS)*GS

38208 6 s 6S

38369 K = KS§

38400 TERM = TS

38549 L = TN

ageed 110 TEMP = SUM+TERM

38708 IF(SUK=-TEMP) 11251162116
~ 38808 112 SUM = TEMP

38909 IF(K) 11621162114

39290 114 TERM = TERMeFLOAT(K)*(G-TL)/(P%G)
39190 6 = 6-TL

392090 K = K-1

39389 TL = TLeFLOAT(K+N)/YB

394499 60 10 119

39589 116 TL = TN«YB/FLOAT(KS+N)

39600 K = KS+1

39749 G = GS+TL

39800 TERM = TS#P«G/(GSeFLOAT(K))
39948 128 TEMP = SUM+TERM

40009 IF(SUM-TEMP) 1225198190

40188 122 SuM = TEMP

402069 TL = TLeYB/FLOAT{K+N)

4g 380 K = K+

40400 TERM = TERMwP«(G+TL)/(GeFLOAT(K))
40530 G = G+TL

40660 60 70 128 )
40700 150 KS = -1e - EN/2e¢ + SORT(EN®#2/4.+P*YB)
40808 KS =MAXG(KS»8)

49999 6S = GAM(YB*KS+N~-12TN)

41098 IF(GS) 17421742155

41109 155 1S = EVAL(PoKS)*GS

41200 6 = 6S

41389 TERM = TS

41490 K = KS

415¢0 TL = TN

41600 168 TEMP = SUM+TERM

41798 }F(SUM-TEMP) 16291665166

41800 162 SUM = TEMP

41900 IF(K) 1662166164

42000 164 TERM = TERM*FLOAT(K)*(G+TL)/(F*G)
421949 6 = G+TL

42209 TL = TLe*FLOAT(K+N~-1)/YB

42399 K = K-1

42409 GO TO 168
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43180
43289
43349
43408
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TL = TNeYB/FLOAT(KS+N)

K = KS+1

G = GS-TL

TERM = TSepeG/(GS«FLOAT(K))
TEMP = SUM + TERM
IF(SUM-TEKP) 17221749174
SUM = TENP

TL = TL*YB/FLOAT(K+N)

TERM = TERMePe(G-TL)/(G*FLOAT(K+1))
6 = 6-TL

K = K+l

GO 1O 178

SUM = 7e-SUM

PN = SUM

60 10 99

CASE 1

IF(N~1) 219+218+220

PN = EXP(-YB/(1e+X))

GO TO 98

TEMP = 1o #+ 1e/(ENwX)

PN = 1o ~ GAM(YBIN-29DUM) + EXP((EN-1¢)*ALOG(TEMP)~YB/(1e+ENeX))
*GAM(YB/TEMPIN~22DUM)

GO 10 9¢

CASE 2

1F(N-1) 31823142328

PN = EXP(=-YB/(1e+X))

60 TO 98

PN = 1e ~ GAM(YB/{le+X)sN-12DUM)
60 TO0 9@

CASE 3

IF(N-2) 41324281438

PN = (1e42e9XoYB/(X420)0w2)«EXP(~200YB/(2e+X})
60 10 9¢

PN = (1e+YB/(1e+X))#EXP(-YB/(10+X))
60 10 98

C = 2e¢/(2e+EN®X)

D = 1.-C

IF(YB*D-EN) 440924531450

SUM = Do

TERM = 1e

J =N

TEMP = SUM+TERM

IF{SUM-TEMP) 444,446+446
SUM = TEMP

TERM = TERM+YB#D/FLOAT(J)
J = J+1
GO 10 442
PN = 1o - GAM(YBIN-22DUM) + CeYBeEVAL(YBsN-2)
+ DeEVAL(YBsN-1)#(10+CoYB-(EN-24)C/D)#SUN
Go TO 98
PN = 1e - GAM{YBsN-3sDUM) + YB*EVAL(YBsIN-3)#C/D
+ EXP(<CwYB~(EN-20)®ALOG(D))*(1e+CeYB~(EN-20)*C/D)
*GAM(YBeDsIN=-3sDUN)
GO TO 98

CASE 4

A-24



48848
48999
49066
49199
49209
49349
49409
49529
49649
43768
49348
49909
50008
58180
5@240
58380
50400
50508
5¢6909
56798
56889
50999
51636
5110¢
51208
51360
51400
51529
51689
51700
51860
519086
52p9¢
52196
52200
52300
52400
52500
52699
52799
52809
529¢9
53000
53108
53200
53360
53400
53500
53680
53799
53800
53999
54000
54186
54200
54309
54409
54509
54689
54799
548849
54999
55098

581

5¢2
1

519
512
514

516
518

520
522
524

526
55¢
552

568
562
564

566
568
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SUM = @

C = 26/(2e4X)
= 1e~C

0 =C/D
e CeYB

KS = (3ewEN+(YBeD))/20-SORT((EN=-1e+(YB*D))ww2/4¢+(YBaD)o(EN+1e))

KS = MINB(KSN)

KS = MAXB(KS»@)

S

{-KS

= KS

K = MINB(KS*N)

IF(YB-EN®(1e+D)) 55895815591

GS = 1e - GAM(PI2*N-1-KS+TN)

IF(GS) 526952625¢2

Z X

K
J
FK

[ I I 1}
]

TS = EXP(FKS®ALOG(C)+(EN-FKS)#ALOG(D)+SUMLOG(N)-SUMLOG(KS)
~-SUNMLOG(J)+ALOG(6S))

6 = GS

TERM = TS

TL = TN

TEMP = SUM+TERM

|F(SUM-TEMP) 51215162516

SUM = TEMP

IF(K) 516925169514

TL = TL*P/FLOAT(2eN-K)

TERM = TERMaFLOAT(K)#(G+TL)/{QeFLOAT(N-K+1)92G)

G = G+TL
K = K-1
GO TO 518

1F(KS-N) 5185262526
TERM = TSeQeFLOAT(N-KS)*(GS~TN)/(FLOAT(KS+1)GS)

6 = GS-TN
TL = TN«FLOAT(2eN-1-KS) /P
K = KS+1

TEMP = SUM+TERM
IF(SUM-TEMP) 52295262526
SUM = TEMP

" IF(K-N) 524»52615286

TERM = TERM*QwFLOAT(N-K)e(G~-TL)/(FLOAT(K+1)=G)

6 = G6-TL

TL = TL*FLOAT(2#N-1-K)/P

K = K+1

GO TO 5240

PN = SUM

GO 10 99

BS = GAM(Ps2oN-1-KSsTN)

IF{BS) 576¢576+552

1S = EXP(FKS#ALOG(C)+(EN-FKS)®ALOG(D)+SUKLOG(N) ~SUMLOG(KS)
-SUMLOG(J)+ALOG(GS))

6 = 6S

TERM = TS

L = TN

TEMP = SUM+TERM

IF(SUM-TEMP) 5629#5669566

SUM = TEMP

IF(K) 56695662564

TL = TL*P/FLOAT(29N-K)

TERM = TERM«FLOAT(K)«(G-TL)/{Q*FLOAT(N-K+1)e6)

6 = 6-TL
K = K-1
60 TO 564

IF(KS-N) 568+576+576
TERM = TS@0#FLOAT(N-KS)#(GS+TN) /(FLOAT(KS+1)eGS)
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55109
55296
55300
55499
55589
55680
55709
55880
55920
56008
56140
5626¢
56399
56400
56509
86689
56740
56894
56900
57000
57108
51280
57309
S744¢
57500
57600
57789
57848

57908
58000
58 180
582080
58308
58480
58509
58600
58728
5886¢
58949
59060
59108
5920¢
59309
59489
59589
59600
59708
59809
599489
680¢08
60108
68200
8389

60480
68508

62660
68708
LT T
60949
61908
61188
61269

5718
572
574

576

OO0

9g

92
93
94

OO0

99
9

KAPLAN, GRINDLAY, AND DAVIS

G = 0S+TN

TL = TH®*FLOAT(2«N~1~KS)/P
K = KS+1

TEMP = SUM+TERM
IF{SUM-TEMP) 57225761576
SUM = TEMP

IF(K-N) 57495762576

TERM = TERM®Q=FLOAT(N-K)*(G+TL) /(FLOAT(K+1)#5)
6 = G+TL

TL = TLeFLOAT(2oN-1-K) /P
K = K+

60 10 57¢

PN = 1e-SUM

GO T0 99

SET PROBABILITY

[F(PN) 91994592
PN = ge

GO TO 94

IF{PN=-1s) 94+94,93
PN = 1e

RETURN

ERROR MESSAGE FOR BAD INPUTS

TYPE 99 NsFA »SNRIKASE
FORMAT (1HG(/50H UNREASONABLE CALL SEQUENCE TO MARCUM» ZERO RESULT

1 THS GIVEN //4H N = [BsSX+5HFA = E16+8s5X15KSNR =

2 E16e895X26HKASE = 18)

PN = 8
BIAS = B
RETURN
END

CRORRERC RN PR NG AN R RO A ENR RN NN EANPEONOEL R NI AN QAR RNE RN ANEA RN NROER

148

1¢
1§

28
200

k] J

FUNCTION DGAM(B*N)

OOUBLE PRECISION SUMs TERMsTEMPIFJaDBGAMY DEVAL» Bs SUMLSUMLOG
G INTEGRAL = 1-(SUMs J=P TO Ns OF EXP(JeALOG(B) -B-ALOG(NFAC)
UM = Be

K =g

IF(K=-N) 180+200+2080

J = N+1

SUNL = SUMLOG(J)

TERM = DEVAL(BsJoSUNL)
TEMP = SUM+TERM
IF(SUM-TEMP) 15328+20

SUM = TEMP

J = Jel

FJ =z J

TERM = TERKeB/FJ

G0 10 1@

DGAM = SuM

it ouu

SUMLOG(J)
DEVAL(B» JsSUML)
TEMP = SUM+TERM
[F(SUN-TEKP) 35s48»4¢

o
<
=
—
0on
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61409
61580
61600
61700
6189¢
6196¢
62908
62189
62290
62300
62400
6250¢
62600
62706
62800
62949
63000
63100
63298
63300
63400
63500
63680
63700
63884
63900
c4gge@
64169
64208
64308
64404
645089
646429
647849
64809
64990
65808
65186
65208
65300
65400
65508
65689
65790
66806
65904
66029
6610¢
66200
66308
66400
66588
66629
66780
66890
66900

87040
67140

67264
67300
67489
67588

36

40
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IF(J=1) 49»36236
FJy = J

TERM = TERMeFJ/B
J = J-t

60 10 3¢

DGAM = te-SUM
RETURN

END

REANAVRRRINE R E RN N O RO RO RN BRI RN B A SRR C R R RR RN R E A I NIV TR RSNk kAR AAANS

18
28

FUNCTION DEVAL (YoN»SUML)

DOUBLE PRECISION XPON*ENIDEVALs YsSUML
XPON = -Y

IF(N) 2@922@218

EN = N

XPON = XPON+ENeDLOG(Y)~-SUML

DEVAL = DEXP(XPON)

RETURN

END

L i 2 A A A X X I I A A SN RS RS2 222 X 2222222 R 2 2 2 )

19¢

19
15

28
288

38
35

36

48

FUNCTION GAM(BsNsTN)
SINGLE PRECISION VERSION OF DGAM

SUM = da

K =28

IF(K-N) 109+260+28¢

J = N+1

TERM = EVAL(B*J)

TN = TERMeFLOAT(J)/B

TEMP = SUM+TERM

LF(SUM-TEMP) 15920924

SUM = TEMP

J = Je

FJ = J

TERM = TERM#B/FJ

60 10 142

GAM = SUM

RETUKN

J =N

TERM = EVAL(BsJ)

TN = TERM

TEMP = SUM+TERM

1 F(SUM-TENP) 35543948

SUM = TEMP

IF(J-1) 43+36936

FJ = 4

TERM = TERM=FJ/8

J = Jd-1

60 TO 39

GAM = Te-SUM

RETURN

END

LA A2 AT A A A A Y2l P e I A Il R R R L Y Y P A Y Y TS 222212
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g7¢d0

61788 FUNCTION EVAL(Y#N)

67808 XPON = -Y

6798d 1F{N) 28:20+18

68080 18 EN = N

68129 XPON = XPON+EN=ALOG(Y)-SUMLOG(N)
68209 20 EVAL = EXP(XPON)

68300 RETURN

684090 END

665089 :

68600

68760 T X L R R I R R L T R X T R L X R Y XYY I 2%
68809

689098

69408 FUNCTION SUMLOG(N)

69164 DOUBLE PRECISION A» Be SUMLOG
69269 DIMENSI1ON A(1082)

69309 DATA DUMA/Be/sDUMB/@s/

69408 NMAX=1080

69509 IF(DUMA-DUMB) 28, 10+20

69680 16 DUMA = 1e

69708 DUMB = B.

69884 NLAST = 1

69980 A(1) =

70009 28 NN = [ABS(N)

76188 IF(NN-1) 38230749

10200 30 SUMLOG = @

703008 RETURN

718409 40 (F(NN=-NLAST) 59,5868

78500 5@ SUMLOG = A(NN)

79640 RETURN

78780 60 K = NLAST+1

70809 I F{NN-NMAX) 703+70+88

790989 78 00 72 I=KsNN

71000 72 A(1) = A(1=1) + DLOG(FLOAT(!1)*1eDp)
711089 NLAST = NN

11200 GO 7O 58

71306 86 IF(NLAST-NMAX) 82098999
714490 82 DO 84 |!=KiNMAX

71508 84 A(l) = A(1-1) + DLOG(FLOAT(I)*109)
71689 NLASI = NMAX

11709 90 = A(NMAX)

71800 K = NMAX+1

71999 DO 92 =K NN

72088 92 8 =B + DLOG(FLOAT(Il)®108)
72108 SUMLOG = 8

72280 RETURN

723089 END

72480

oK/F

JOB 7s USER L[3879747]) LOGGED OFF TTY14 1858 8-JUL-75

SAVED ALL FILES (510 BLOCKS)
RUNTIME 5468 SEC
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Appendix B

SUBROUTINE MTIMOD
W. B. Gordon

B.1 INTRODUCTION

A Moving Target Indicator (MTI) system is a signal processor that distinguishes moving
targets from clutter by virtue of the differences in their spectra. The simplest MTI processor,
the single delay-line canceler, obtains the difference between two successive echoes from
the same location; reflections from stationary objects cancel, whereas reflections from
moving targets produce fluctuating signals. Thus MTI canceler systems maximize signal-
to-clutter ratios only for highly correlated interference; uncorrelated interference, such as
receiver noise, is not affected by the MTI processor.

MTIMOD, the MTI processor model described here, is based up Chapters 6 and 9 of
Radar Design Principles, by Nathanson,* but has been generalized by permitting the use
of clutter-rejection filters not discussed by Nathanson. It is assumed that the radar system
contains a matched filter for the individual pulses to enhance the signal-to-noise ratio and
that the clutter-to-noise ratio is large.

MTIMOD predicts MTI performance in detecting a target located in a background of
precipitation and chaff by calculating the clutter power input to each of one or more
specified clutter-rejection filters, the clutter power output from each clutter-rejection
filter, and the signal power output from each clutter-rejection filter. The model includes
the following often neglected aspects of clutter analysis, as emphasized by Nathanson:

1. Precipitation- and chaff-clutter spectra depend on a wind-shear effect, the result
of change in wind velocity with altitude.

2.  The average clutter velocity itself, as well as fluctuations about this average, im-
poses limitations on MTI effectiveness.

3. Clutter lying beyond the unambiguous radar range further degrades MTI
performance.

B.2 TYPES OF CLUTTER REGIONS

For purposes of MTI processing, the environment is divided into clutter regions for
both rain and chaff. The geometrical and physical properties of the regions are specified
by the user under the constraints of the model. Three geometrical configurations of
clutter regions are allowed:

*F. E. Nathanson, Radar Design Principles, McGraw Hill, New York, 1969.
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Type 1 (band). This region is defined by specifying a lower and an upper height level
above the Earth’s surface. The type 1 clutter region lies everywhere over the Earth’s surface
between these two boundaries.

Type 2 (half-band). This region is defined by specifying a lower and an upper height
level as in type 1, with the addition of a boundary line, determined by a point through which
it passes, and a normal to the line pointing outward from the region. The type 2 clutter
region lies over the portion of the Earth’s surface between the two height boundaries that
is to the side of the boundary line away from the normal.

Type 3 (cylinder). This region is defined by specifying a lower and an upper height
level as in type 1, with the addition of the center and radius of a disk on the Earth'’s
surface. The type 3 clutter region lies in the cylinder formed over the disk between the
specified height levels.

B.3 TYPES OF CLUTTER-REJECTION FILTERS

MTIMOD accepts four types of clutter-rejection filters. The first three types are
actually special cases of the fourth, more general, type, and are included to reduce input
required for the simplest and most commonly used filters. The four filter types are as
follows:

Type 1 (series of simple delay-line cancelers)

=l /N -1
S(t) -~ (———-)(—1 kS(t + kT) .
2 \——)en

k=0

A sequence of N consecutive signals S(%), each separated in time by T, is summed by the
filter using binomial coefficients.

Type 2 (generalized series of simple delay-line cancelers)
N

S(t) > ) ApS[t + (k- 1)T].
k=1

A sequence of N consecutive signals S(¢), separated in time by T, is summed by the filter
using weighting factors A, specified by the user.

Type 3 (delay-line cancelers with variable sampling rate)
N
S(t) = ApS(t + BpT).

k=1

A sequence of N signals S(t), the kth signal sampled at B, T after the first, is summed by
the filter using weighting factors A,. The sequences A, and By, are specified by the user.

B-2



NRL REPORT 8037

Type 4 (delay-line cancelers with staggered PRF)

N M
Sty > ) AwS (t > Bijj>.
k=1 i=1

A sequence of N signals S(¢) is summed by the filter using weighting factors Ap. The M
repetition intervals T; combine to form the kth sample at 2}’;1 Bp;Tj. The sequences Ap,
and By,; are specified by the user.

B.4 RAIN- AND CHAFF-CLUTTER INPUT

MTIMOD requires the current target position and velocity as calculated by SURSEM.,
The model has the capability to calculate a given number of target positions at equally
spaced intervals along the target track and perform MTI signal processing at each position,
if desired; however, in its present configuration, SURSEM will call MTIMOD individually
for MTI processing at each target position it determines.

Given an actual target position, MTIMOD calculates a number of target ‘‘pseudoposi-
tions.” These pseudopositions are locations on each radar antenna pattern sidelobe at the
target range and at the second-time-around position corresponding to both the actual
target position and the sidelobe positions. Calculations are performed for each target
position (either real or pseudo, as defined above), and henceforth the general term *‘target
position” will refer to any one of the 2(1 + number of sidelobes) positions described.

Each target position lies in at most one rain-clutter region and one chaff-clutter
region. The rain- and chaff-clutter regions are taken to be distinct and are defined sep-
arately even if their geometric boundaries are the same.

For a given target position, MTIMOD determines the rain-clutter region, if any, and
the chaff-clutter region, if any, in which the target lies. The rain-clutter power input to a
clutter-rejection filter resulting from the target lying in the rain-clutter region is given by

PG2L(A6)(A
RPOWIN = (3.7729X 10-27) [ (49X mT] z
)\2R2

where

P = peak pulse power (watts)

G = “equivalent gain” of the sidelobe (or main lobe) corresponding to the
given position

= lumped system losses
A8, Ap = the equivalent vertical and horizontal beamwidths (degrees)
7 = pulse width (microseconds)

A = wavelength (meters)
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=]
1

range (kilometers)

N
Il

rainfall reflectivity factor, usually taken to be
Z = RCOEF X RRATEREXPO

where RRATE is the rainfall rate (millimeters per hour) in the selected rain-clutter region
and RCOEF and REXPQ are inputs, usually taken to be

RCOEF
REXPO

200.,
1.6.

The chaff-clutter power input to a clutter-rejection filter resulting from the target’s
lying in the chaff-clutter region is given by

PG2L(A8)(Ag) ™\
CPOWIN = (1.3606 X 10-8)[ (R)z( 9)7 ]DN,

where the parameters are the same as those defined for rain clutter and DN is the number
of dipoles per unit volume (cubic meters) in the selected chaff-clutter region.

B.5 RAIN- AND CHAFF-CLUTTER OUTPUT FROM CLUTTER-REJECTION FILTER

A general clutter filter (type 4) has the form
N M
Sty > ) ArS(t + ) BTy
k=1 ji=1 '

and contains filter types 1 through 3 as special cases. For this general filter type the
rain- or the chaff-clutter output (normalized for a clutter input of unit strength) is given
by

r=1 :

N N M
FACOUT = ) ) AjAwp {Z (B,-,—Bk,)T,} :
;=1 k=1

The function p = p(x) is defined by

_ 4 Vo 2(21rovx>2
p(x)—cos[n)\x exp (— X

where Vj is the mean rain- or chaff-clutter velocity (meters per second), equal to zero for
clutter locking, and 03 is the mean clutter velocity spread (meters per second):
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02 = ¢2(shear) + o2(turbulence) + 02(beam)

+02(fall) + o2(antenna motion) .

There are five independent mechanisms that contribute to 03, the variance of the
rain or of the chaff clutter velocity, as indicated above.

Wind shear. The change in wind speed with altitude results in a distribution of radial
velocities over the vertical extent of the beam, so that

RAINGRAD
o(shear) = (5.20457X 1073) X or X RANGE X DELTHETA
CHAFGRAD

where (RAINGRAD or CHAFGRAD) is the wind-speed gradient measured at the lowest
height level of the clutter region (5.7 m/sec-km nominal value), RANGE is the slant range
to clutter (kilometers), and DELTHETA is A8, the half-power vertical beamwidth (degrees).

Beam broadening. The finite width of the radar beam causes a spread of radial veloc-
ity components of the wind when the radar is looking crosswind, so that

o(beam) = (5.20457X 1073) V3 X DELPHI X sin f8
where Vj is the mean clutter velocity (meters per second), DELPHI is A¢, the half-power
horizontal beamwidth, and (8 is the angle between the line-of-sight and wind-velocity
vector.

Turbulence. Fluctuating currents of the wind cause a radial velocity distribution
centered at the mean wind velocity:

RAINTURB
o (turbulence) = or (1.0 m/sec nominal value) .
CHAFTURB

Fall velocity distribution. A spread in the fall velocities of the reflecting particles re-
sults in a spread of velocity components along the beam, so that

RAINFALL
o(fall) = or X sin (elevation angle)

CHAFFALL

where (RAINFALL or CHAFFALL) is the mean fall velocity (1.0 m/sec nominal value).

Antenna rotation. The angular rotation of the antenna results in spectrum broadening
of the clutter echoes, giving
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1

o(antenna) = (0.7897854) X AR X AX TwrpHI

where AR is the antenna rotation rate (rpm), N is the radar wavelength (meters), and
DELPHI is A¢, the half-power horizontal beamwidth.

It is always assumed that the target and second-time-around pseudopositions are
illuminated by the full number of pulses, N, required by the filter.

B.6 SIGNAL POWER OUTPUT FROM CLUTTER-REJECTION FILTER

For the general filter described earlier,

N M
s@) > ) AkS[t + ) Bk,-T,},
k=1 j=1

the signal power output (normalized for a signal input of unit strength} is given by

N M
Z Ajexp <27rifd Z BjkT9

j=1 k=1

SIGFAC =

where f; is the doppler frequency of the target.

B.7 OUTPUT

The output from MTIMOD consists of the total (rain and chaff) clutter power input
to each clutter-rejection filter, the total (rain and chaff) clutter power output from each
clutter-rejection filter, and the signal/power output from each clutter-rejection filter, for
each specified actual target position. At present the model will accept up to 50 rain- and
50 chaff-clutter regions each of types 1, 2, and 3. A total of 10 clutter-rejection filters
may be defined for a run. Once the clutter regions and filters have been defined and an
actual target position specified, MTIMOD determines the corresponding target pseudo-
positions described earlier; together with the actual position, these pseudopositions be-
come the set of positions for which the individual MTI calculations are made.

For each clutter-rejection filter to be considered MTIMOD computes the following
output, as outlined above, by actual target position. Let
NSL = number of antenna pattern sidelobes,
J = sidelobe “pseudoposition” (J=1 for main-lobe true position),
I = 1 for the first-time-around position,

I = 2 for the second-time-around position.
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Thus {(J,/)]1 < I < 2,1<J<(1+NSL)} indexes the set of pseudopositions. Recall
that

RPOWIN(I,J) = rain-clutter power input to filter from (I,J)th pseudoposition,
CPOWIN((I,d) = chaff-clutter power input to filter from (Z,J)th pseudoposition.

The total rain-clutter and total chaff-clutter inputs from all pseudopositions are

RTOTIN Z Z RPOWIN (L, J) ,
J I

CTOTIN = ) ) CPOWIN(LJ).
J

1
Hence the total clutter input to the filter due to a target at the specified position is

TOTIN = RTOTIN + CTOTIN.

Let
RFAC(I,J) = filter output from rain-clutter input due to (/,J)th pseudoposition,
normalized for unit power input,
= FACOUT(min) as already defined,
and
CFAC = filter output from chaff-clutter input due to (Z,J)th pseudoposition,

normalized for unit power input,
= FACOUT cp,¢r) as already defined.

The total rain-clutter and total chaff-clutter filter outputs from all pseudopositions
are

RPOWOUT = ) ) RPOWIN(LJ)X RFAC(LJ),
J 1
CPOWOUT = ) ) CPOWIN(LJ)X CFAC(LJ),

J T

and hence the total clutter output from the filter due to a target at the specified position
is

TCLUTOUT = RPOWOUT + CPOWOUT.
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The signal power output, normalized for a signal input of unit power, from the
clutter-rejection filter is given as SIGFAC, which has already been defined.

The required inputs from SURSEM to MTIMOD are listed in Table B.1-1, and the
MTIMOD macro flowchart is shown in Fig. B.1-2.

Table B.1-1 — Inputs from SURSEM to MTIMOD

Symbols (in MTIMOD) Description Dimension
NUMBER Number of target positions Integer
INCRE Time increment between target positions S
TCS Target cross section m2
XT,YT,ZT Target coordinates km
XR,YR,ZR Radar coordinates km
VXT,VYT,VZT Target velocity components m/s
VXR,VYR,VZR Radar velocity components m/s
P Peak pulse power w
FRE Carrier frequency Hz
TAU Pulse width us
LOSS Lumped system losses occurring in radar range -

equation
WX, WY Wind-speed components at height H m/s
H Height km
MBP Elevation of main beam deg
BWVERT One-way 3-dB vertical beamwidth (main beam) deg
BVHOR One-way 3-dB horizontal beamwidth (main beam)| deg
GAIN Gain dB
NSL Number of sidelobes Integer
(FOR 1< J< NSL) .
THETA(J ), PHI(J) Position of Jth sidelobe with respect to main- deg
beam axis
G(J) Gain of Jth sidelobe dB
DELTHETA(J), DELPHI(J) | Vertical and horizontal beamwidths of Jth deg

sidelobe

i1
PN

= latitude (not colatitude)

> ¥
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1-99
ACQUIRE TARGET AND ANTENNA
PARAMETERS FROM MAIN PROGRAM

100-117
READ CL,CAM,IR,IC,
NR1,NR2,NR3,NC1,NC2,NC3,SI,AR

150
COMPUTE TARGET SPEEDS AND DOPPLER

170
COMPUTE SIGIN(N)

'

GO TO 1000
Fig. B.1-2—MTIMOD macro flowchart




1000
READ RAIN CLUTTER
PARAMETERS

1100
READ CHAFF
PARAMETERS

400
READ FILTER
PARAMETERS

v

FILTER COUNTER
(NF = # FILTERS)

COMPUTE PSEUDO-
POSITIONS FOR EACH
SIDELOBE AND
CORRESPONDING
SECOND-TIME-
AROUND POSITIONS

2
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450 FC=0
=9 405 FC=FC+1 EXIT
: IF FC> NF, RETURN =)
i
. R
! TARGET POSITION
: COUNTER
| ("NUMBER" = NUMBER
1 OF POSITIONS)
! 500 PN=0
L— 3| 501 PN=PN+1
'-~-1 IF PN > NUMBER,
GO TO 405
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Fig. B.1-2—MTIMOD macro flowchart (Continued)
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