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SURVEILLANCE RADAR DETECTION (SURDET) PROGRAM

INTRODUCTION

The Radar Analysis Staff of the Naval Research Laboratory has previously developed
the Surveillance Radar Systems Evaluation Model ( SU RSEM) 111 for evaluating radar sys-
tems. SURSEM produces radar single-scan and cumulative probability-of-dete ction va luI ’~ as
a function of target range and orientation. The radar operates within a specified e’I’nar1o ,
defined by the user to include the target to be detected, up to nine additional sources of
jammin g radiation , and an optional environment of wind , rain , and multipath propagation.

Future radars will use automatic detection and tracking systems; cons~quent ly prob-
ability-of-detection values are insufficient for evaluating system perfo rmance. For instance.
in a scenario involving a target raid , questions arise as to whether the mu ltip le targets can be
resolved, how accurate the position estimates are , and whe ther the correct tracks can he
initiated. To solve some of these problems , SURSEM was modified into a Monte- ( ’arlo
simulation that produces target detections and estimates of position. This Monte -Carlo pro-
gram , called the Surveillance Radar Detection (SURDET) Program , can be used as the Input
for the Multiple Radar Integrated Tracking (MERIT) program [2J to solve some of the
proposed questions.

This report describes the current status of the computer model and provides the
potential user with instructions for its independent use. This section gives the background
and a general description of the model. The second and th ird sections descri be the computer
routines unique to the 2D and 3D versions of SURDET: SURDET2D and SURDE 131)
respectively. In addition , in each section instructions to the user include a description of the
input to SURDET and the output from StJRDET. Finally, the routines common to both
versions of SURDET are discussed in the fourth section.

Model Overview

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

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

Manuscript submitted April 4 , 19 78.
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DAVIS AND TRUNK

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

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

Since multiple detections of a single target can occur , such detections are merged into
a centroided detection. Finally, the centroided detection is corrupted by the effects of roll
and pitch. The results of SURDET can be printed out and/or written onto a file for later
processing by the MERIT tracking program [21 .

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

Future Growth

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

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

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

• Modification of the signal-processing algorithm by including MTI and coheren t
integration, and

• Inclusion of more-detailed models of target radar cross sections as applications
dictate .
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NRL REPORT 8228

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

ROUTINES EXCLUSIVE TO SURDET2D

SURDET2D Executive Routine

The SURDET2D executive routine drives the detection model for 21) surveillance radar
systems. The model itself consists of subroutines that perform specialized functions; the
SURDET2D executive routine links these routines together (Fig. 1). The modular construc-
tion of the model facilitates changes -~nd additions to the existing version.

The SURDET2D executive routine begins by setting constan ts and conversion factors
for use by the model’s subroutines. It then reads the first two ~~p f q input cards. (The next
subsection describes user input , and Table 1 describes the variah. ““—‘ fi rst card contains
the output-control parameter ANSi , which determines the amoui d output pro-
duced. The options include no output printed (ANSI 0), only the ~utput
prin ted (ANSi = 1), and the detailed output printed (ANSi 2). The s~ &put card
contains the run identification , which consists of an integer radar identi f ~~~~~ followed by
alphanumeric descriptive information of the user’s choice. The reader identification is used
to label the output disk files for subsequent use as input to the MERIT tracking program
[21.

SURDET2D monitors the input of the scenario data by calling a sequence of sub-
routines. Subroutine INITAL reads the radar data, subroutine TA1tGET reads the parame-
ters defining the targets and jammers, and subroutine ENVIRN reads the environmental
data. Subroutines FCINIT and VCINIT are called to input the data definin g the fixed clutter
area and variable clutter areas respectively. Roll and pitch characteristics of the radar plat-
form are read by subroutine STBINT.

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

The recursive portion of the routine begins with the calculation of the positions of all
targets and jammers at current game time T by subroutine NEWPOS. Then for each defined
radar scan mode, all active targets are examined for possible detections. In particular , for a
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Fig. 1 — Subroutine linka ge by the SURDET2D executive routine. The solid lines indicate
program flow , and the dashed lines Indicate subroutines called. The names in parentheses are
entry points. The loops for multiple radar modes and multipl e targets are not indicated.
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NRL REPORT 8228

given radar scan mode J , the executive routine first determines if a target I is within instru-
mented range , is above the radar horizon , is within the appropriate angular vertical coverage
of the pencil beam or the cosecant-squared beam , and is beyond the minimum radar range .
Unless all of these conditions are met , target I is dropped from further consideration by this
scan mode. ‘l’he’ routine next computes the signal energy and the noise and clutter energies
for target I by calling subroutines SIGNAL and NOISE respectively. it then uses subroutine
MWDET to determine any detections of the target by radar scan mode J , printing a record
of each detecti ’ if the prin t-control parameter ANSi indicates that detailed output is
desired.

When all targets active at current game time T have been examined by scan mode J,
subroutine MEItDET is called to merge adjacent detections and estimate the ran ge, azimuth ,
and signal power of the centroided detections for scan mode J. The centroided detections
are further modified for roll and pitch of the radar platform by subroutine STAB2. Once
this procedure has been completed for all radar scan modes at game time T, detections of
fixed and of variable clutter at time T are determined by calls to subroutine FXCLT2 and
VRCLT2 respectively . A report of centroided target detections by all scan modes and false
alarms (clutter detections) for game time T is printed if AN Si indicates that any printed
output is desired. A similar output scan record for use as subsequent input to the MERIT
tracking program 121 is written on the logical unit specified by lOUT.

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

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

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

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

• All runs are completed.

I
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DAVIS AND TRUNK

Table 1 — SURDET2D Variables

Fortran Variable Description

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

ACONZ Azimuth separation for declaring two detections ( rad )
ALPHAD Grazing angle of a clutter patch (deg)
AMBN Therm al noise energy (J)
ANSi Printed output control:

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

AZ(l ,K) Azimuth of the kth centroided detection of target I
AZOUT(L) Azimuth of the lth clutter detection
BETA Constan t used in sea-state calculations (described in the subsection

on subroutine JAM)
BHDEG Azimuth of target I (deg) for printing
BUF Scan-output-ID array written on logical unit lOUT

BUF( i) Scan number
BUF(2) Start time of the present scan (s)
BUF(3) Number of detections (including false alarms)
BUF(4) Radar ID
BUF(5) Ship ’s heading (rad)
BUF(6) Total number of targets

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

BUFA( 1,K) Target number or clutter detection number of the kth detection
BUFA(2 ,K) Range of the kth detection (n.mi .)
BUFA(3 ,K) Azimuth of the kth detection (rad)
BUFA(4 ,K) Elevation of the kth detection (r&d )
BUFA(5,K) Time of the kth detection (a)
BUFA(6 ,K) Signal energy of the kth detection (dB)
BUFA(7 ,K) Roll angle of the kth detection (red )
BUFA(8 ,K) Pitch angle of the kth detection (rad)

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

BUFB(1 ,I) Target number (I)
BUFB( 2,l) Slant range to the true target-I position (n.mi .)
BUFB (3 ,I) Azimuth of the true target-I position (rad)
BUFB(4 ,I) Elevation of the true target-I position (rad )
BUFB(5 ,I) Time when the radar scans by target- i (a)

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

CCM Speed of light (cm fs)
CNM Speed of light (n.mi ./ s)
(X)NV Conversion factor for converting natural logarithms to dB

( lOlog 1o e)
Signal energy of target I with respect to mode J (dE re i J)

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

Fortran Variabl e Description

1)BN J Total noise energy with respect to mode J (dB re 1 J)
DWL ( .( Frequency increment for mode J (Hz)

I ELF V( l ,K Elevation of the kth centroided detection of targe t I
El ~( )l J’! ( I  Elevation of the Ith clutter detection
E N I Y F I M  Time at which the current run terminates (h)
E N V l R (3~ Multipath indicator:

0 = no multipath
I = multipath

- FAC4 Multipath propagation factor to the fourth power
- 

FOPIQB (47r )3
- l (JI’I~- t )

( N  One-way antenna gain
I ANS Recycle run control:

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

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

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

4 = all runs completed
Numb er of fixed clutter detections on the current scan

( ( N !  Detection counter used for the output file
IMO I)K (J , l)  Number of pulses integrated for mode J
lO ( JT Logical unit  for the detection output file

Radar-scan cou nter
K i  A l l  I Status indicator fo r target I:

0 target is inac t ive
1 target is active

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

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

ITITLE Array containin g alphanumeric run identification
IV Number of fixed and variable clutter detections on the current scan
M E R ( I )  Indicato r of interfering- target problems with respect to target I :

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

‘ii : 1, Multipath indicator:
0 -no multi path
1 - mult ipath

IUdP X of the kth detected fixed clutte r point
~~( ;(,Nz I’ulse sepa ration for declaring two (h 1AS -t jo t i . s

NDET ( l ;  N i rn l ~~r of (-entroided detections of target I
N E~ I ( or ient  radar scan mode

• I ____________

Table continues .
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Table I (Continued ) —- SURJ)E T2I) Variables

I ’  V anal Le L Description

N REF Nu mber of reference cells on each side of the test cell
( A N  Number of radar scan modes defined

~-~l A R C  Numb er of targets (to he detected)
C I I  Frequency of the current radar scan mode (MHZ)

Elevation beam center of the current radar mode
I ’ l l (  1111 )  ( ‘itch angle at the time of detection of target 1
P’l’ ()t ~‘l (  K Pitch at the ti m e of the kth clutter detection
R A I ) I A N  Conversion factor for radians to degrees (180/ir )
l( ,\NGF ( l ,K l  Range of the hth centroided detection of target i
IU’( l j  I tasir  radar frequency (M II z )
U ( 1 4 ) Horizontal 3-dR heamwidth (rad )
l t (  1 Ve rtical 3-dR heamwidth ( rad )
k( C l ;) One-way antenna gain
R( ~i I )  Power r i-reived for target I (W)

12)  Signal energy fo r target 1 (J )
l~ ( ( 1 : 1 ,  Clutter energy for target I (J)
I~( ( 1 4 )  ‘I hermal noise p lus jamming for target I (.1)

Number of re ference cells on each side of the target cell used in the
mo ving-window detector

IC ( ( 1  G) Clu t te r  correlation coefficient
( : ( ( 7 )  Number of standard deviations used in the detection threshold
( C l ( S )  Azim uth offset between beam positions (rad )
I tC ( 2 0 j  Detecto r video type:

0 = linear video
1 log video

R C ( 2 1)  Number  of re ference cells lise( 1 to calculate the threshold :
0 al l cells used
0 = hal f with smaller mean value used
0 = half with large r mean value used

I t C (2 2)  Parameters used to calculate the threshold :
1 = mean used

- 2 = mean and variance used
R E 4/3 of the earth ’s radius (m)
U FR Ratio of the basic rad ar frequency to the frequency of the current

radar m ode
k I N  I I  La test time by which the radar is to begin scanning
ltI~Ol ‘l’( K )  It oh at the time of the hth clutter detection
l t M OI )~~.J , 1 ) Lower 3-d R point of l,he elevation-angle coverage for mode J (deg)
IC ~1( )I ,Il ’ ( .1,2) 1 J pper 3-dR point of the elevation-angle coverage for mode J (deg )

• U M( )I ) ( ‘ ( . 1 ,1,1 Ir i terlook period for mode . 1(h)
U ~1( ) I )EI  I ,~ Sr-an offset for mode 1 (h)
ICMC ’I )E(d , 7) Instrumented range for mode J (n .mi. )
I t M ODI: ( . l ,9) E ;t r l i es t  time any target enters the instrumented range of radar

mode .1(h )
‘C ) I • I  .1 Rol l angle at the tim e of detection of target I • -  • •

Table continues. •.~
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Table 1 (Concluded ) — SIJRDET2D Variables

Fortran Variable Description

ROUT(K) Range of the hth clutter detection
SHIP(5) Heading of the ship ( rad )
SIGC Total sea-clutter energy
SMODE(J ,1) , Blanking range for mode J (n.mi.)
SN Signal-to-noise ratio (dB) , assuming the radar is pointing at I-he

target
SNI)ET( I ,K) Signal energy of the kth centroided detection of target I
SNTRUE Signal energy
SOUT(K) Signal energy of the kth clutter detection
T Curr ~ nt game time (h)
TARCS Target cross section
THU Basic radar horizontal 3-dB beamwidth (rad )
THV Basic radar vertical 3-dB beamwidth ( rad~
TIM E (L) Time of the detection of target I (s)
TOIJT(K) Time of the kth clutter detection (s)
TRGPOS(l ,4) Slant range of target I (n .mi.)
TRGPOS(l ,5) Azimuth of target I (rad )
TRGPOS(l ,6) Elevation of target I measured from the horizon (rad )
TSCAN(I ,J) Time when target I comes within the instrumented range or radar

mode J (h)
V Range extent of the clutter cell (m)
XJAMN Total jamming energy (J)
XKTOMS Conversion factor for knots to meters per second
XNMTOM Conversion factor for nautical miles to meters
XYZF(I ,4) Time when target I reaches the endpoint of its trajectory (h)

Inpu t for SURDET2D

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

optional number of sources of jamming radiation (subsequently referred to as jammers) set
in a specified environment. The number of targets and j ammers together is limited to 20.
T he required input information is divided into the defin itions of the radar , targets, and
jammers , an environment with optional clutter, and output and recycle control parameters.
The data cards required are :

Data card 1—printed-output control integer(l5 format):

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

_  _  fr~



DAVIS AND TRUNK

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

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

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

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

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

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

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

10. Number of scan modes (limited to 30),
11. Linear polarization (00 to 90°, where 0° horizontal and 90° = vertical);

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

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

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

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

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

1. Number of reference cells on each side of the target cell ,
2. Clutter correlatãon coefficient, ,~~~~~~~~.• -

10 • .

_ _ _ _  - —b-- --



NRL REPORT 8228

3. Num ber of standard deviations used in the threshold , which determines the
probability of fal se alarm (guidance in setting the threshold value is given by
Appendix A),

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

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

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

variance used);

Data card 8—number of targets and j axnmers (total limited to 20) (215 format):

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

Data card 9 (one card for each target and jammer, paired with a card 10)— 13 target
parameters (12F6.2 ,I3 format):

1—4. Initi al coordinates (x, y, z) (kft) and time (s),
5-8. Terminal coordinates (x, y, z) (kft ) and time (a),

9-11. Head-on , broadside , and minimum radar reflective areas (m 2),
12. Jamming power density (W/MHz),
13. Marcum-Swerlin g cross-section model number;

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

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

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

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

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

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

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

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

for target type 2;
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Data card 11—four environmental parameters (4F8.2 format):

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

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

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

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

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

3-dB beamwidth);

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

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

2. Number of clutter regions;

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

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

5. Final azimuth of the clutter area (deg) ;

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

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

Data card 16—time parameter (P8.2 format):

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

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

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

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

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

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

Output from SURDET2D

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

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

TARGET Target number,
MODE Radar scan mode number,
TIME Time of the scan (s),
RANGE Slant range of the target from the radar (kft),
AZIM Azimuth angle of the target (deg),
ELEV Elevation angle of the target (deg),
SIGMA Radar cross section of the target ( m2 ),
FACTOR Multi path pattern -propagation factor (dB),
ESIG Signal energy (dB re 1 J),

• NAMB Ambient noise (dB re 1 J ) ,
NCLT Clutter energy (dB re 1 J),
NJAM Jamming energy (dB re 1 J),
E/N Signal-energy-to .noise-energY ratios (dB), with the first ratio being

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

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

Lines 4 and 5 report two detections of target 1. The range and azimuth of the refer-
ence cell in which each detection took place are given under RANGE and AZIM respee-
tively. The signal amplitude corresponding to each detection is given in decibels (dB i-e noise

- energy ) under ESIG. Similarl y lines 7 and 8 report detections of target 2. -
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Lines 9 through 28 are the data constituting the output record written on logical unit
lOUT for subsequent use as input to the MERIT tracking program (2 1. (In addition the
actual range , azimuth , and elevation of each target and the time each is scanned by the radar
are also written on lOUT.) Line 9 identifies the current record by specifying the scan num-
ber4 current game time in seconds, number of detections (includin g false alarms), radar
identification augmented by 2000 , ship ’s heading in radians, and number of targets defined.
The remaining lines , labeled by detection number , provide data as labeled by line 10 for
each centroided target detection and false alarm ( fixed or variable clutter detection). The
information provided for each detection starts with a detection number: 0 through 99
identifies a target , 101 through 199 indicates a fixed clutter point , and 200 represents a
variable clutter point. Following the detection number are the estimated range in nautical
miles, the azimuth and elevation angles in radians, the time of detection in seconds, the
signal energy in decibels, and the roll and pitch angles in radians. Presently the signal energy
for fixed and variable clutter points is set to 34 .8937 and 30.4567 dB respectively. If the
signal energy is to be used by a tracking program , an appropriate signal energy must be
generated .

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

Subroutine FXCLT2

Subroutine FXCLT2 generates fixed clutter points and is called once per scan by the 4
executive routine. The routine is initialized by calling the entry point FCINIT. The initial -
iza tion sec tion r. acls in the following nine inputs with a (218,7F8.2) format (Table 2):

ISET — initialization number for the random-numb er generator ,
N — numbe r of fixed clutter points,
PROB --- Probability that a clutter point is detected,
KS — initial range of the clutter area ( kf t ) ,
ItF - - final range of the clutter area (kft) ,
SIGR - - standard deviation of the range measu rement ( fractions of a ran ge cell),
TI-IS - - initi al azimuth of the clutter area (deg),
TI - IF - final azimuth of the clutter area (deg),
SIG \ - standard deviation of the azim u th measurement (fractions of a beam -

width j.

The initialization section calculates the ran ge-cell dimension c~R by

CT~ /2 , (1)

where c is the speed of ligh t and r~ is the compressed pulsewidth . Next the input values are
converted to nautical miles and radians for intern al use . Final ly, N fixed clutter points are
generated by

+ (R v - R8)U 1 (2)
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and

+ (0 ~ — Os )V i, (3 )

where R and 0~ are the range and azimuth of the clutter points, R 5 and R~ are the initial
and final range boundaries of the clutter area, 0~ and °b~ 

are the initial and final azimuth
boundaries of the clutter area, and U1 and V1 are independent , uniformly distributed
random nu m bers.

‘l he detected clutter points are generated by calling FXCLT2 once per scan. For each
clutte r point a uniform random number U is compared to ~r ’ the probability of detecting
the clu tter point. If U <- 

~r’ the clutter point is assumed to he detected, Gaussian errors are
added in range and azimuth , and the azimuth measurement is corrupted by roll and pitch.
The range measurement is

R m = (K  + 0.5)~~R , ( 4 )

where

K = integer { ( R 1 + °R ( -  2 log U 4 ) 112 cos 2ir V11/ ~~R J ,  (5)

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

Ca o0 (~~2 log U1) ”2 sin 21T V1, ( 6 )

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

R = Rm~~ sin (2l r t/ T J? ÷ ØR )  (7)
and

- P = P ~~5~~sif l (2 r t/ T p + 4 4 , .) ,  (8)

whe re Rmax and 
~~ 

are the maximum roll and pitch angles, T1~ and T~ are the cot-
responding periods , and 

~R and t~bp are uniform phase angles between 0 and 2ir . The meas-
ured azimuth position ~m (i n the deck plane) is [31

~ 
[sin a cos R + (cos a s in p +t a n e c o s P) sin Rl

am tan I — -— - -— — - —--------- -- -——--— ------—- —- ——— I + ~ (9)
L cos a cosP—tan e sin P a

and the measured elevation position em is

Cm = 0 , (10)

whe re a 1) , is the tru e azimuth , e = 0 is the true elevation of the clutter point , and e~ is the
previously calculated azimuth error. The detection time 7~ i~ proportional to the azimuth:

= 
~

‘0 + (~~T)6 ,/2 ir , ( i i )

whe re To is the time of the start of the scan and LI T is the scan period .
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Table 2 — FXCLT2 Variables

Fortran Variable ] Description

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

AA True azimuth of the clutter point with respect to the ship (a in Eq. 9)
AM Azimuth measurement (between ir and 3ir )
AZ True azimuth of the clutter point (O~ in Eq. 11)
AZOUT Azimuth measurement (a m in Eq. 9)
CP Cosine of the pitch angle
CR Cosine of the roll angle
ELOUT Elevation measurement em = 0 (E q. 10)
IC Number of fixed clutter points detected this scan
ISET Initialization number for the random-number generator
K Range cell of the measurement (K in Eq. 4)
N Number of fixed clutter points
NC Index of the clutter point detected
N2 Two times N
N3 Three times N
N4 Four times N
PFAC Frequency of the pitch cycle
PHASE( 1) Phase angle of the roll (

~ R in Eq. 7)
PHASE(2) Phase angle of the pitch (Øp in Eq. 8)
PMAX Maximum pitch angle (~m~ in Eq. 8)
PROB Probability that the clutter point is detected (~r in text preceding

Eq. 4)
PTOUT Pitch at the time of the ith detection (P in Eq. 8)
R True range of the clutter point (R 1 in Eq. 2)
RADIAN 57.29578°, the number of degrees in a radian , or 180/ir
RAN Array of uniform random numbers ( U 1 in Eqs. 2, 5, and 6)
RAY Ray leigh random number
RC(4) Azimuth beamwidth
RC(19) Range-cell dimension (LI R in Eq. 1)
RES Range-cell dimension (LI R in Eq. 1)
RF Final range of the clutter area (R F in Eq. 2)
RFAC Frequency of the roll cycle
RLOUT Roll at the time of the ith detection (R in Eq. 7)
RMAX Maximum roll angle (R m~~ in Eq. 7)
RMOD E(1 ,5) Scan period (LIT in Eq. 11)
ROUT Range measurement (R m in Eq. 4)
RS Initial range of the clutter area (R s in Eq. 2)
SHIP(S) Ship heading
SIGA Standard deviation of the azimuth measurement (a 9 in Eq. 6)
SIGR Standard deviation of the range measurement (°R in Eq. 5)
SOUT Energy of the ith detection
SP Sine of the pitch angle 

- - -  
-

SR Sine of the roll angle - - -  -

T Time of the start of the radar scan (T0 in Eq. 11) , - - 
-

Table continues. 
- 

- 
- 

-

- - -
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Tab le 2 (Concluded) — FXCLT2 Variables

Fortran Variable }_____ Description

TAU Compressed pulsewidth (s) (i-a in Eq. 1)
TE Tangent of the elevation angle (zero)
TH Uniform distributed phase angle
THF Final azimuth of the clutter area (0 b’ in Eq. 3)
THS Initial azimuth of the clutter area (0 s in Eq. 3)
TIMSCN Scan period (LIT in Eq. 11)
TIMZB Time of the zero-bearing crossing (T 0 in Eq. 11)
TOUT Detection time (T , in Eq. 11)
TWOPI Two times 3.1415926536 , or 2s

Subroutine INITAL

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

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

SHIP(1) — x position coordinate (kft) ,
SHIP(2) — y position coordinate (kft) ,  -

SHIP(3) — z position coordinate (antenna height above sea level) (kft ) ,
SHIP(S) — ship heading (deg).

it is often convenient to let the radar platform he located at the origin (U , 0) of the scenari o
coordinate system.

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

RC(1) — radar frequenc y (MHz),
RC(2) — antenna-pattern indicator (0 = pencil beam and 1 cosecant-sq~iared

beam),
RC(3) — receiver noise (dB),
RC(4) — horizontal 3-dB beamwidth (deg) ,
RC(5) — vertical 3-dB beamwidth (deg~,
RC(6) — one- way antenna gain (dB) ,
RC(7) — one-way sidelobe level (dB down from peak),
RC(8) — receiver line loss (dB),
RC(9) — transmitter line loss (dB),

18 - - --
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NSCAN — number of scan m odes to be defined , (a number not to exceed 30),
POLRZ — linear polarization from 00 to 900 (0° = horizontal and 90° = vertical ) .

Each radar scan mode J is described by the following 15 input parameters , wh ir l ,  ;r r
read into the RMODE , IMODE , SUBC, DWL , and SMODE arrays:

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

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

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

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

SM — blanking time (pa) (if 0 is entered, the blanking time is set at the
pulse length),

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

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

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

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

ability of a false alarm), -

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

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

half with smaller mean value used, and >0 hal f with larger mean value
used,

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

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

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

• The interl ook period for each mode is set equal to 10 s if its inpu t value is zero or
negative, - -

19

— - — - 

~~~~~~~~~~ ~~
- - ~~~~ . ~~

- ‘
~~~~~

--~-



DAVIS AN D - i - i ~i:~-~i~

• The IF ’l andwidth for each mode is set equal to the reciprocal of t lie compressed
pulse length if its input value is zero or negative , and

• The blanking time for each mode is set equ al te the pulse length if its input value is
zero.

- Table 3 — INITAL Variables

Fortran V ariable
__J ______ ______ 

l)escription

DWL(J) Frequency increment for mode J (M H z )
IMODE(J ,1) Number of pulses in tegrated for mode J
IMODE(J ,2) max (B IFTC,  1) rounded to the nearest integer for mode .J , where

BIF is RMODE(J ,12)
MILLION 106
MM Effective number of pulses integrated
NSCAN Number of scan modes
P1 3.1415926536 , or -ir
PIOVER2 One-half of 3.14 15926536 , or ir/2
POLRZ Linear polarization (0° to 9~° , where 0° = horizontal and 90° =

vertical)
RAD iAN 57.29578° , the num ber of degrees in a radian , or 180/it
RC(1) Radar frequency f (MHc )
RC(2) Indicator of the antenna-patte rn function:

0 = pencil beam
1 csc2 beam

RC(3) Receiver noise
RC(4) Horizontal 3-dB beamwidth (deg to rad )
RC(5) Vertical 3-dB heamwidth (deg to rad )
RC(6) One-way antenna gain
RC(7) One-way sidelobe level
RC(8) Receiver losses
RC(9 ) Transmitter losses
R C(10) Boltzman ’s constant times the system temperatu re , or kT (J)
R C(15) Number of reference cells on each side of the target cell used in the

moving-window detector
RC(16) Clutter correlation coefficient
RC ( 17) Number of standard deviations used in the detection threshold
RC( 18 ) Number of detections that can he missed with the detections still

jnerging into the single detection
RC(20) Detector video type:

0 = linear video
1 = log video

RC( 21) Number of refe rence cells used to calculate the threshold:
0 = all cells used

<0 = half with smaller mean valu e ui—s ~
= hal f wi th Lsr~q-r  mean va~uu used

I _ __  — - - - --- - ----- - - — - -- - - - - __ _ __ __ _ _ __J 
~ --~~.

= ,-- - - 
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lab le  3 ( C o n c l u d e d) 
- IN I I  AL Variables

Fortran Variable l)P scri l ltiOfl

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

l-tMODE(J ,1) Lower 3-d B point of the elevation-angle coverage for mode J (deg)
RMODE(J ,2) tJpper 3-dB point of the elevation-angle coverage for mode J (deg)
RMODE(J ,3) Peak power for mode J (MW to W)
RMODE(J ,4) Pulse length for mode J (pa to s)
RMODE(J ,5) lnter look penod for mode J (a to h)
RMODE (J ,6) Scan offset for mode J (~ to h ;
RMODE(J ,7) Instrumented range for mode J (n.mi.)
RMODE(J ,8) Mod e-dependent loss for mode J
RMODE(J ,11) Compressed-pulse length for mode J (p s)
RMODE(J ,12) Inte rmediate-frequency bandwidth for mode J (MHz to l iz)  (B I F )
SI-HP( 1) x coordinate of the shi p posit ion (kft  to n .mi.)
SHIP(2) y coordinate of the shi p posi tion (kit to n .mi.)
SHIP(3) Antenna height (kf t  to n .mi.)
SH I P ( 5 )  Ship heading (deg to Tad)
SM Blanki ng time used to calculate SMODE(J ,1) (p s)
SMODE(J ,1) Blan king range for mode J (n.mi.)
SMODE(J ,2) Rain-clutter improvement factor for mode J
SEJ BC(J) Sea-clutter improvement factor for mode J
‘I AU(J)  Compressed-p ulse length for mode J , or r~ (s)
TWOPI Two times 3.1415926536, or

H - -~~~~~ ~~~~~~~~~~~~ - -

Subroutin e MERDET

Subroutine MERDE’! is called (dICC at the end of each radar scan for each radar mode
after all the detections for each target have been made. The purpose of this routine is to
produce the cen troided detections when several targets are close to one another , a condition
denoted for each target I by ME R ( l )  -l (Table 4).

Let N; be the number of detections of the ith target , A.~ be the initial azim uth , F 1 be
the final azimuth , and R~1 be the range of the j th detection of the ith target. The procedure
for producing the centroided detections is to order (in initial azimuths A1~) all M detections
of targets that are close to one another , that is , all targets for which MER( l)  = -1. Let the
array of ordered initial azimuths be 11k and let the correspon ding fin al azimuths and ranges
be Fk and R h respectively. Thus

A 1 <A 2 ~ 113 < ... <A ~1_ 1 ‘~~A M . (12)

A detection is inhibited if it is close to another which has a smaller initial azimuth.
Specifical ly, detection ( i s  inhibited by target detection I, which has previously been
accepted, if 

- 

- 

- ,  -
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(13a)

IR~ -.R , I~~~~R . ( l4ti )

and

F~<F~+~~A , (iSa)

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

A k <A 1, ( 13b)

IR i — R k I~~~-~ R , (14b)

and

F.~~~Fk , (15b)

where i~ R is the range-resolution-cell dimension and £4 is the azimuth separation based
on the pulse detection separation specified at input , which should be approximately the
3-dB heamwidth . if a detection is not inhibited, it is accepted.

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

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

Table 4 —  MERDET Variables

F’ortran Variable [ Description

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

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

I a target close by (A k in Eq. 16) -

A Z ( I ,2 i) Final azimuth of the jth detection of the ith target which has a
target close by (Fk in Eq. 16)

AZ(I ,J) Azimuth of the jth detection of the ith target (A in Eq. 16)
Ii Number of detections
K Number of ordered detections (M in Eq. 12)
KC Counter used for ordering . -

- 
-

KDET( I) Detection index of the ith ordered azimuth ‘- --- - .~ . - 
- -

[ KE)’I’T(l) Detection index of the ith ordered inhibited azimuth
- Tabk’ Cofli I IIW’S . ~~~ 
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Table 4 (Concluded) — MERDET Variables

Fortran Variable Description

KK Number of accepted detections
KTAIt(l) Target index of the ith ordered azimuth
K ‘i RR(J) Target index of the ith ordered inhibited azimuth
MER( I )  Indicator of interfering target problems.

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

N Number of targets
NDET( I ,J) Number of detections of the ith target, orN1
RANGE(I ,J) Range of the jth detection of the ith target
RES Range-cell dimension (L~R in Eqs. 14a and 14b)
SNDET(I ,J) Sign al amplitude of the jth detection of the ith target

Subroutine MWDET

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

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

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

- - routine RESOL, which calculates the number of interfering targets NI, lists the index of the
interfering targets in the array IN F, and lists the corresponding signal energies in SN REF.

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

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

where A is the azimuth of the target, U is a random number un iformly distributed between
0 and 1, and A~O is the antenna azimuth movement between transmitted pulses. To simplify j - 

-

.
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the location of the interfering target and have the storage required to integrate up to 100
pulses, 40i pulses (corresponding to different azimuth positions) are saved for each range
cell, and the 201st location corresponds to 0 . The azimuth of pulse 0 is

0~~ = 0 — 2 0 i i~0 , (18)

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

NS=201 -2M , (19)

and the final pulse generated is

N F = 2 0 1+2 M . (20)

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

Rs = L~R(K Rs - 13), (21)

where ~ R is the range-cell dimension and 1
~RS is the integer defined by

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

in which R is the target range.

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

Np = 1 1 -N R ,  (23)

and the index of the last range cell is

NL = 1 5 + N R .  (24)

Thus, if NR = 10, signal must be placed in all 25 range cells. The signal return for the ith
pulse and the jth range cell S,1 and an indicator of signal in the jth range cell 1(j) are initially
set to 0 for all I and j. Then the sign al return from each of the NI interfering targets lying
within the reference cells is generated. For the kth target this is accomplished by first gen-
erating the appropriate fluctuating amplitudes F for the ith pulse. For Swerling case NSW ,
F1 is given by the following equations, in which the LI1, I —  1, ..., M, are independent random
numbers uniformly distributed between 0 and 1. For NSW = 0 (nonfluctuatin g target)

F, = 1, 1=  1, .., M. (25) ~~~~~~ 
‘

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

F = — log U~, i = l , . , M. (26)

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

F1 — log U,, i = 1, ~~.,  M. (27)

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

F = — 0.5(log U 1 4 log U2 ) ,  i 1 ,~~., M .  (28)

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

F , - 0.5(log U, + log 11M + i) ’  1 1, . .~, M. (29)

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

KR = in teger [ ( R k - R s)/ ~~R ] ,  (30)

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

Kr = K f? + I , I~~~~i , 0, 1, (3 1)

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

F - =  [(sin F d ) / F d 1 2 , (32)

where

F d 2.7832(Rh -R r) / i~R, (3 3)

in which

R r ( K r + 0.5)~~R + R s. (34)

At this time the indicator l(Kr) is set equal to 1.

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

NC integer [(A~ - O) / ~~0]  + 201, (35)

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

- .

NNS~~ max {NS, N C -Mj  (36)
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to

NNF min {NF , N C + M ~. (37)

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

4 --- [(sin 
~~ 

) / ( ,~ 1 , (38)

where

Gd = 2.7832(O~ + i~~1) -A h ) /0 3d8, (39)

in which 0 3dB is the antenna 3.dB azimuth heamwidth . Finally,  the sign al (normalized by
the clutter energy C and noise energy N I in the K-1-th range cell ( for  Iii. ~th pulse ) is

S,K , (new) SI K,, (old) ‘ GFF 1 P , . / ( ( .  ~ N) ,  (40 )

where 
~k is the signal energy of the kth interfering target.

The calculation indicated by Eqs. 38 through 40 is first repeated for all pulses spe-
cified by Eqs. 36 and 37. Then the calculation indicated by Eqs. ~3 1 through 40 is repeated
for the adjacent range cells indicated in Eq. 31. Finally the calculation indi cated by Eqs. 25
through 40 is repeated for all Ni targets in the r i- f e rence cells. ‘Ihus at the end of all of these
repetitions S, , is the sign al energy in the ith pulse and )th range ’ cell due to all the targets in
the reference cells.

Next Rayleigh noise (and possibly correlated clutter ) is added to the signal to produce
the total video return x,,,. The video return is generated ( because of computer-speed con-
siderations) for three (listinct. cases: clutter insignifican t and no sign al [)r*’sent in the range
cell, clutter insignificant and sign al energy S1, present in the range cell , and clu tter signifi-
cant. The significance of clutter is indicated by the product of clutter and the numbe r of
pulses integrated CM being greater than N , and sign al j ) r(~sent in the jth cell is indicated by
1(j) = 1. Thus , the ith return in the jth cell x ,1 is given as follows. For clutter insignificant
(CM ~ N )  and no signal in the jth cell (1(j) = 0)

( — 2  log ~r ) i I2  = 1, ... , P4 , (41)

where the U. are independent unifo rm random numbers between 0 and 1 different for each
j .  For clutter insignificant (CM ~ N )  and signal in the jth cell (1(j ) 1)

= [~5 eQS 
~~ 

+ (2S~~) ’12 1 2 + (cr , sin Ø .) 2 } J~2 (42)

where

a, (—2 1o g 111) 1”2 (43)

and 
. - - .

~~~~~ ~~
‘
,

~II = 211UI+M. (44)
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For clutter significant (CM > N)

xjj = {[CX1 +a 1 cos~~1 + (2S11)112 J 2 + (CY1 +a 1 sin ø1)2 }, (45)

where the ILyleigh-noise components a cos 
~~, 

and a, sin 
~~, 

are given by

a = N’(— 2 log Ul + M) ”2 (46)

and

= 2irU1.,.3~~, (47)

with

N’= [N/(C + N)) 112 , (48)

the clutter is given by

CX , = pCX1.. 1 +(1  —p 2)1/2a sin~~ (49)

and

Cl”, = pCY,_ 1 + (1 — p 2 ) 1/2 c4 cos 
~~ 

(50)

in which

= C’(— 2 log U1) 112 (51)

and

(52)

with

C’ = (C/(C + N) $ ’1~, (53)

and the initial clutter values are

CXo ’-C’ai,~cos$,~ (54)

and

CY0 — C ’a0 sin~~~. (55)

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

1 *
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MS
Z~~ ~~ x~ , I N F, ..., NL, (56)

i-NS

where

M S = N S + M - 1 .  (57)

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

= + X,1 - X,..~~j . (58)

The detection threshold T1 for the jth range cell (j 12, 13, and 14) uses either all the
reference cells, the half with the minimum mean value, or the half with the maximum mean
value. Furthermore the th resh old may be based on either one parameter (the mean) or two
parameters (the mean and the variance). Thus the mean is

~~~ 
(Z1~ 1~ 1 +Z 1 1_ 1) ,  (59a)

N R
2j

= 
~~~~

— 
~~ Z,,.1.,.j, (59b)

or

= -

,
~~~ - ~~ Z~_ 1~~, (59c)

and the corresponding mean squares are

N~

Z7 ~~~~~~
— ~~ (Zf+1+1+ Z7...1 1), (60a)

1~~1

NR

~~ Z,~,.1+1 , (60b)
i 1

and

- 
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The standard deviation is

oJ = [~~~ (z~)2 J ”2 , (61)

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

(62)

where N0 is the number of standard deviations specified at input. (Appropriate values of
N0 are given in Appendix A.) The two-parameter threshold for log video has dubious mean-
ing, since the threshold can be dominated by the shape of the density function near zero.
The one-parameter threshold is

T1 =N 0~~ (63)

for linear video and

T1 =N 0 +Z1 (64)

for log video.

For each range cell j the first (FC J ) and last (LCd ) azimuth crossings of the threshold
T~ are saved. These values are calculated under the restrictions that there is at least one Z1 <

at an azimuth smaller than LC~ and th at there is no azimuth interval larger than ~ A (the
azimuth separation based on the pulse detection separation specified at input) between LC1and FC1 for which all Z1 < T1. Furthermore the range cell of the initial detection (smallest
azimuth) is J1, of the second smallest is J2, and of the last is J3.

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

If there are no merging problems for target NTAR , then MER(N TAR) = 0 and the J1 -‘

detection is a valid detection. The J2 detection is valid if either

1J1 — J2 1> 1 (65)

or

LC~~ > LCj1 + AA . (66)

The J3 detection is valid if 
~2 ~ not valid and

1J1 — 131>1 (67)
and

LC,i~ >LCj2 . (68) 
- 

- 
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If J2 is valid , either Eq. 67 or

LCj 3 >LC j 1 +~~A ( 69)

must be true and either

1J2 — J 3j > 1  (70)

or

LC~3 >LC ~2 + L ~A (71)

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

‘~ik Rs + (1k + 0.5)~kR , (72)

the azimuth is

A lk = (LC ,Jk +FC J k 03dB)’2’ 
(73)

and the signal energy is

S1,, max (Z J k / TJ k ),  (74)

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

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

A 1 2k _ l  =FC~ °3dB ’2 (75a)

and

A1,21, =LCJk 03dB ’2~ 
( 75b)

‘fable 5 — MWDET Variables

Description 
-

A Rayleigh random variable (a1 in Eq. 43)
AA Azimuth of the kth interfering target (A 1, in Eqs. 35 and 39)
ACONZ Azimuth separation for declaring two detections (~~A in  -

Eq. 66) ~~~~
‘ - 

-

AOLDX Gaussian clutter random variable (CX 1 in I’ q 49)

Tahie Conhj i i U , s .  •~_ 
-
. ~~-

~--~‘? ~~
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Table 5 (Continued) — MWDET Variables

Fortran Variable Description

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

target close by (A 121...1 in Eq. 75a)
AZ(I ,2J) Final azimuth of the jth detection of the ith target which has a

target close by (A 1 2j in Eq. 75b)
AZ(1,J) Azimuth of jth detection of ith target (A,~ in Eq. 73)
AZIM Azimuth position of the pulse closest to the target (0 in Eq. 17)
AZIMS Azimuth of pulse 0 (0~ in Eq. 18)
Al Rayleigh random variable (a; in Eq. 51)
B Uniformly distributed phase angle (~~ in Eqs. 44 and 47)
Bi Uniformly distributed phase angle (çô, in Eq. 52)
C Clutter energy (C in Eqs. 40, 48, and 53)
CC Normalized clutter energy (C’ in Eq. 53)
COR Clutter correlation coefficient (p in Eqs. 49 and 50)
D(J) Detection threshold for thejth range cell (T3 in Eqs. 63 and 64)
DEL Antenna azimuth change between pulses (~~0 in Eq. 17)
F Signal reduction due to the pulse shape (F in Eq. 32)
FDIF Normalized difference between the target range and the center

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

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

target (F1 in Eqs. 25 through 29)
FN Noise energy (N in Eqs. 40, 48, and 53)
FSIG Number of standard deviations used in the calculation of the

threshold (N0 in Eq. 62)
C Signal reduction due to the antenna pattern (G in Eq. 38)
GDIF Normalized difference between the target azimuth and the cen-

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

range cell
ID(K) Range cell of the kth earliest detection (J1, in Eq. 72)
IDET(J) Status of the jth range cell: previous detection, looking for the

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

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

range cell
INF(I) Index of the (Ui interfering target
IS(J) Indicator that the signal is in the j th range cell (1(j) in text pre-

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

Eq. 30)

Table continues .
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Table 5 (Continued) — MWDET Variab les

Fortran Variable Description

KRS Range cell in which target NTAR lies (KRS in Eq. 22)
KT Range cell adjacent to the target cell (Kr in Eq. 31)
M Num ber of pulses generated M
MER(t)  Indicator of the interferin g- targe t problem ( targe t within th ree

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

MODEL( 1) Swerling fluctuation index for the (Ui target (NSW in text pre-
ceding Eq. 25)

MS Last pulse for initiation of the moving window (MS in Eq. 57)
M2 Two times the number of pulses generated
M3 Three times the number of pulses generated
M4 Four times the number of pulses generated
N Number of targets
NC Closest pulse in azimuth to the kth interfering targe t (NC in

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

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

Eqs. 59 and 60)
NREF2 Two times NREF (2NR in Eqs. 59a and 60a)
NRF Last range cell used (N L in Eq. 24)
NRS First range cell used (Np in Eq. 23)
NS First pulse simulated (NB in Eq. 19)
NSW index of Swerling fluctuation model (NSW in text preceding

Eq. 25)
NTAR Target of interest NTAR
N3DB Number of pulses integrated M
P Function of the clutter correlation ((1 - p 2 ) hi ’2 in Eqs. 49

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

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

R(l)  Uniform random numbers (U 1 in Eqs. 27, 29,~41, and 43)
RANGE(I ,.J) Range of the jth detection of the ith target (R 1~ in Eq. 72)
RES Range-cell dimension (~~R in Eq. 21)
RR Range of the kth interfering targqt (R 1, in Eq. 30)
RS Range of the first of 25 range cells (R s in Eq. 21)
RTEMP Range to the center of the KTtII range cell (R.1’ in Eq. 34) 

-

~~~~~~

Table continu ps . . 
-

-
-
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Table 5 (Concluded ) — MWDET Variables

Fortran Variable Description

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

shape
SN(J) Maximum normalized signal amplitude in the jth range cell
SNDET(I ,J) Maximum signal amplitude of the jth detection of the ith target

(S~ in Eq. 74)
SNINT Maximum integrated signal-to-noise ratio
SNREF(K) Signal energy of the kth interfering target (P1, in Eq. 40)
SS( I ,J) Signal energy of the ith pulse in the jth range cell (S1~ in Eqs.

42 and 45)
SUM Integrated sum of the j th range cell (Z, in Eq. 56)
THRSH Indicates the reference cells to be used
TH3DB The antenna 3-dB azimuth beamwidth (0 3dB in Eqs. 39 and 73)
TIME( I ) Detection time of the ith target
TRGPOS(I ,4) Range of the ith target (R 5 in Eq. 30)
TRGPOS (I ,5) Azimuth of the ith target (A 1, in Eq. 35)
TWOPI Two times 3.1415926536, or 2ir
U Mean value of the reference cells (Z~ in Eq. 59a) 

—

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

—

UUP Mean value of upper half of the reference cells (Z1 in Eq. 59b)
X(I ,J) Video return of the ith pulse in the jth 4~ell (x~ in Eqs. 41, 42 ,

and 43)
XF IRST(J ) First threshold crossing in the jth cell (FCJ in text after Eq. 64)
XLAST(J ) Last threshold crossing in the jth cell (LCJ in text after Eq. 64)
XLOG Denotes the type of video to be used (linear video if XLOG = 0

and log video if XLOG = 1)
XMS Mean square of the reference cells (Z7 in Eq. 60a)
XMSLOW Mean square of lower half of the reference celi~ jZ1 in Eq. 60c )
XMSUP Mean square of upper hal f of the reference cells (Zf in Eq. 60h)

Subroutine STAB2

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

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

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

- . -
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The modified azimuth positions are generated by calling STAB2 once per scan from
the executive routine (after all detections have been obtained). The roll 1? and the pitch P
angles at time t are

R = Rm Sifl (2n ’tIT R + 4~R )  (76)

and

P = 
~m Slfl (2x t/ T p + ~ p), (77)

where R m and Pm are the maximum roll and pitch angles, TR and Tp are the corresponding
periods , and ØR and çbp are uniform phase angles between 0 and 2ir . The measured azimuth
position am (i n the deck plane) is 13]

-
~~ 

Isin a cos R + (cos a sm p + t a n e cos P) sin Rl
I . i + €  (78)
L cos a cosP - t anesm P j

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

Table 6 — STAB2 Variables

Fortran Variable Description

A Azimuth of the target in the deck plane with zero measured error
AA Azimuth of the target (a in Eq. 78)
ATEMP Azimuth measurement (between ir and 31r)
AZ Azimuth measurement (between 0 and 211) (°m in Eq. 78)
CP Cosine of the pitch angle
CR Cosine of the roll angle
K Numbe r of detections per target
NDET (I) Number of detections of the ith target
NTARG Numbe r of targets
PFAC Frequency of the pitch cycle
PHASE( 1) Phase angle of the roll (ØR in Eq. 76)
PHASE (2) Phase angle of the pitch (~~p in Eq. 77)
P1 3.1415926536 , orn
PITCH Pitch angle (P in Eqs. 77 and 78)
PMAX - Maximum pitch angle (P m in Eq. 77)
PPER Pe riod of~1,itch cycle (Tp in Eq. 77)
RADIAN 57 .29578 , the number of degrees in a radian , or 180/n
RFAC Frequency of the roll cycle
RMAX Maxi mum roll angle (R m in Eq. 76)
ROLL Roll angle (R in Eqs. 76 and 78)
RPE R Period of the roll angle (T R in Eq. 76)
SIilP(5) Ship heading
SP Sine of the pitch angle
SR Sine of the roll angle
TE Tangent of the target elevation
TIME Time of detection
TRGPOS(I ,5) Azimuth of the target
TRGPOS(l ,8) Elevation of the target
TWOPI Two tlmes 3.1415926536, or 2ir
X Trigonometri c (unction of the angles
Y Trigonometric function of the angles ; .
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Subroutine VRCLT2

Subroutine VRCLT2 generates scan -to-scan independent clutter points in specified
areas and is cal led once per scan by the executive routine after FXCLT2 has been called.
The routine is initialized by calling the entry point VCINIT . The initialization section first
reads two parameters with a 218 format (Table 7) :

ISET — initialization number for the random- number generator,
NREG — number of clutter regiui~~.

Next ~‘or eac h clutter region (a maximum of five regions) five parameters are specified
according to a 5F8.2 format:

FN — average num ber of detections in the clutter region,
RS — initial range of the clutter region (kft),
RF — final range of the clutter region (kft),

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

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

F 1 = (0 F — O s) I N i, (79)

where °s and 0F are the initial and final azimuth boundaries of the ith clutter region and
N.  is the average num ber of detections in the ith region.

The detected clutter points are generated by calling VRCLT2 once per scan . The clut-
ter regions are processed one at a time. For each clutter region the azimuth interval 

~~between detections is generated by ,~~ 
= 

~- F. log U. , where U. is a uniformly distributed
random number. If 

-

~~ AI < ( O F - O s), (80)
i—i

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

o~ o5 +~J~ A~ (81)
i_ i

and

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

where ~ R is the range-cell dimension and

K integer {[R3 + (R F R~ )V11/i~R}, (83)
F

_ _ _ _ _ _ _  
_ _ _ _ _ _ _  _ _ _  _ _ _ _ _
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in which Rs and R F are the initial and final range boundaries of the ith clutter region and
V1 is a uniformly distributed random number. The associated detection time is

T1 = T0 + (~~T)O/2ir , (84)

where T0 is the time of the zero-bearing crossing and liT is the scan period. The roll and
pitch angles at time t are

roll Rm ~~ (217t/TR ~~~R )  (85)

and

pitch Pm sin (2lItITp +øp) , (86)

where Rm and “m are the maximum roll and pitch angles, TR and T~ are the corresponding
periods, and 

~R and 4p are uniform phase angles between 0 and 2ir .

On the other han d, if

~~ ~j > (O F~~O S), (87)
p’l

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

Tab le 7—  VRCLT2 Variables

Fortran Variable Description

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

(F1 in Eq. 79)
FN Average number of detections in the region (N1 in Eq. 79)
IC Number of fixed clutter points detected
IRAN Random-number counter
ISET Initialization num ber for the random-number generator
IV Total number of clutter detections ( fixed plus variable)
K Range-cell number (K in Eqs. 82 and 83)
NR EG Number of regions (maximum of five)
PFAC Frequency of the pitch cycle
PLI ASE(l) Phase angle of the roll (

~R in Eq. 85)
P UASE(2) Ph ase angle of the pitch (Øp In Eq. 86)
PMAX Maximum pitch angle (

~m in Eq. 86)
PTOUT(l) Pitch angle at the time of the ith detection (pitch in Eq. 86) —

Table continues.
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‘fable 7 (Concluded ) — VRCLT2 Variables

l’ o rtran Variable 1 Description j
RAL ,IAN 57.29578°, the number of degrees in a radian , or 180/11
RAN Array of random numbers U3, V1, and W.
RC (19) Range-cell dimension (~~R in Eq. 82)
RES Range-cell dimension (tSR in Eq. 82)
RF Final range of the clutter region (R F in Eq. 83)
RFAC Frequency of the roll cycle
RLOUT (J) Roll angle at the time of the ith detecti on (roll in Eq. 85)
RMAX Maximum roll angle (R m in Eq. 85)
RMOD E (1 ,5) Scan period (~~T in Eq. 84)
ROUT( I ) Range of the ith detection (R in Eq. 82)
RS Initial range of the clutter region (R 5 in Eq. 83)
SOUT(l) Power of the ith detection
T Time of the zero-bearing crossing (T0 in Eq. 84)
THF Final azimuth of the clutter region (0F in Eq. 79)
TUS Initial azimuth of the clutter region (O s in Eq. 79)

• TIMSCN Scan period (i~T in Eq. 84)
TIMZB Time of the zero-bearing crossing (T0 in Eq. 84)
TOUT( 1) Time of the Ith detection
TWOPI Two times 3.1415926536 , or 2ir 

— -______

ROUTINES EXCLUSIVE TO SURDET3D

SURDET3 D Execut, ve Routine

The StJRDET3D executive routine drives the detection model for 3D surveillance
radar systems. The model i tself consists of subroutines that perform specialized functions;
the SURDET3D executive routine links these routines together (Fig. 3). The modular con-
struction of the model facilitates changes and additions to the existing version.

The SURDET3D executive rou tine begins by setting constants and conversion factors
for use by the model’s subroutines. It then reads in the first two data inpu t cards. (The next
subsection describes user inpu t , and Table 8 describes the variables.) The firs t card contains
the output-control parameter ANSi , which determines the amount of printed output pro-
duced. The options include no output printed (ANSi = 0), only the detection output
printed (ANSi = 1), and the detailed output printed (ANSi = 2). The second input card
contains the run identification , which consists of an integer radar identification followed by
alphanumeric descriptive information of the user’s choice. The radar identi fication is used to

- I labe l the output files for subsequent use as input to the MERIT tracking prog ram [21.

~4lJaf)E’r3I) monitors the inpu t of the scenario data by calling a sequence of sub-
ro u tines . S ’hrou tine INI TAL reads the radar data, subroutine TARGE’F reads the parame-
ters defining the targets and jammers, and subroutine ENVIRN reads the envi ronmental
data . Subroutin es FC INIT and VCINIT are called to inpu t the data defining the fixed clutter

I

- - ~~~~~~~~~~~~~~~~~~~~~~~ 
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bequn define scenario by input parameters

ENVI RN

uuul t i a luze clutter and roll/pitch

(FC IN I T) ~ ~~~~~~~~~~~~~~~~~~~ (STBINT )

inu t u a lu ,e t ts 9~~~ rate init ia l calculate currentarge 
aiimuth beam position targe t positions

~~~~~~~~~~
j_____.___ø..

( 
INFr3D1 -

~~~ 
( 

NEWPOS 
_________

I IADJDET I
cal ulate signal-to-noise ratios determine merge

4 multiple

______________ 
$ target detections target I detections -BEAM _ I~~

_ .fI~~~H~~f IIF_.~~1M ~T3D I
I calculate the effect

F I of roll and pitch
TARSIG 

~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _  I
[ 

JAM I RESOL STAB3

I determine!— — — — — — — I clutter ~,detections

I BEA~~~] [ 
CLTSIG L ....

~J MULPTH 
j F FXCLT3

LGAIN ~-4-- — RNGCEN — UFUN VRCLT3

I BEA~~~~

Fig. 3 — Subroutin e linkage by the SURDET3D executive routine. The solid lines indicate pro-
gram flow , and the duhed lines indicate subroutine . called . The names in parentheses are entry
poin ts . The loops for multiple radar modes and multiple targets are not indicated .
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area and variable clutter areas respectivel y. Roll and pitc h characteristics of the radar plat-
form are read by subroutine STRINT.

The game time by which the radar must he initi alized , RINIT , is next read as an input
directly by the executive routine and then modified by the radar scan offset , if any. Sub—
routine MATCH is called to detennine the time each target first comes within the instru-
mented range of the radar . The minimum time among th is set of times from MATCH is then
further decreased by 30s to insure clutter samples prior to detections, and the earlier of
this result and RINIT , the max imum radar initialization time, becomes the game initiali za—
tion time. The end of the game is set to coincide with the last target’s reaching the end of
its trajectory . At this point an identification record for the detec tion outpu t file consisting
of the radar identi fication and the radar scan rate is written on the logical unit specified by
the parameter LOUT.

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

When an elevation scan has been completed for each target active at time T, subroutine
MRDT3D is called to merge adjacent detections and estimate the range, azimuth , elevation ,
and signal power of the cent roided detections. The centroided detec tions are further
modified for roll and pitch of the radar platform by subroutine STAB3. Detections of fixed
and of variable clutter for current game time T are determined by calls t~ subroutines
FXCLT3 and VRCLT3 respective ly . A report of centroided target detections and false
alarm s (clutter detections) is prin ted if ANSi indicates that any printed output is desired . A
similar output scan record for use as subsequen t inpu t to the M ERIT tracking program [21
is written on the logical unit specified by I O I JT.

To initiate a new radar scan , the c urrent game time T, which represen ts the time the
radar starts its current scati at zero azimuth , is increased by the radar scan period (as spec-
ified for radar scan-mode 1). lI t h e  new game time does not exceed ENDTIM , the time at
which the run ends, then control is returned tc~ the beginning of the recursive portion of
the program . Otherwise a recycle control parameter is read which specifies one of the
following four option s:

• A new scenario is to be read to initiate a new run , in which case program control is - -

transferred to the beginning of the executive routine; ;

39
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• Radar parameters from the run just completed are to be retained , but the rest of
the scenario is to be redefined for a new run , so program control is transferred to the point
where subroutine TARGET is called ;

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

• All runs are completed.

Table 8 — SURDET3D Variables

Fortran Variable Description

ACON Constant used in sea-state calculations (to be described in the sub-
sectinn on subroutine JAM in the nex t main section)

ALPHAD Grazing angle of the clutter patch (deg)
AMBN Thennal noise energy (J)
ANSi Printed output control:

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

AZ(I ,K) Azimuth of the kth centroided detection of tar get I
AZINIT Azimuth beam position at the start of the elevation scan
AZOUT(L) Azimuth of the Ith clutter detection
AZ3(I ,K,J) Azimuth of the kth detection of target I by mode J
BETA Constant used in sea-state calculations (described in the subsec-

tion on subroutine JA M)
BHDEG Azimuth of ta rget f in degrees for printing
BUF Scan-output.ID array written on logical unit LOUT

BUF( 1) Scan num ber
BUF(2) Start time of the present scan
BUF(3 ) Number of detections (including false alarms)
BUF ( 4 ) Radar ID
BUF(5) Ship ’s heading (rad )
BUF( 6) Total num ber of targets

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

BUFA (1,K) Target number or clutter detection number of the kth detec-
tion

BIJ FA(2 ,K ) Range of the kth detection (n.mi .)
BUFA(3 ,K ) Azimuth of the kth detection (rad)
BUFA(4 ,K) Elevation of the kth detection (rad)
BUFA(5 ,K) Time of the kth detection (s)
BUFA (6,K) Signal energy of the kth detection (dB)
BUFA(7 ,K) Roll angle of the kth detection (rad) ~~~~

- - -

BUFA(8 ,K) Pitch angle of the kth detection (rad ) —‘
- S . • -

Table continues. - • 
- 

- -‘
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Table B (Continued) — SURDET3D Variables

Fortran Variable_ [  Description

BUFE Target true-position ar ray written on logical unit lOUT for each
defined target

BUFB(1 ,I) Target num ber (I)
BUFB(2 ,I) Slan t range to the true target-I position (n.mi.)
BUFB(3 ,I) Azimuth of the true target-I position (rad)
BUFB(4 J ) Elevation of the true target-I position (rad)
B(JFB(5 ,I) Time when the radar scans by target I (s)

BVDEG Elevation of target 1 measured from the horizon in degrees for
printing

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

log10 e)
DBE Signal energy -of target 1 with respect to m”dde J (dB re 1 J )
DBN Total noise energy with respect to mode I(dB re 1 J)
DWL(J ) Frequency increment for mode J (Hz) -

ELEV(I ,K) Elevation of the kth centroided detection of target I
ELOUT(L ) Elevation of the tth clutter detection
ENDTIM Time at which the current run terminates (h)
ENVIR(3) Multipath indicator:

0 = no multipath
1 = multipath

FAC4 Multipath propagation factor to the fourth power
FOPIQB (4~r)~
FOPISQ (4~~)2

ON One-way antenna gain
IANS Recycle run control:

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

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

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

4 all runs completed
IC Number of fixed clutter detections on the current scan
ICNT Detection counter used for the output file

1~~~~ IMODE (J ,1) Number of pulses integrated for mode J
lOUT Logical unit for the detection output file
ISC Radar-scan counter
ISTAT(I) Status indicator for target I:

• 0 = target1is inactive
1 target is active

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

previous mode IL - .
1 no change in frequency from the last mode L -~

’.
• - 

• Table contin ues. -- 
• ~~~~~~ — .
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Table 8 (Continued) — SURDET3D Variables

Fortran Variable Description

ITITLE Array contain ing alphanumeric run identification
IV Number of fixed and variable clutter detections on the current

scan
MER3(I) Indicato r of interfering-target problem s with resp ect to target I:

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

MUL Multipath indicator:
0 = no multipath
1 = multipath

NC(K) Index of the kth detector fixed clutter point
NDET(I) Number of centroided detections of target !
NDET3(l ,J) Number of detections of target I by mode J
NEXT Current radar scan mode
NREF Number of reference cells on each side of the test cell
NSCAN Number of radar scan modes defin ed
NTARG Number of targets (to be detected )
OFR Frequency of the current radar scan mode (MHz)
PBBS Elevation beam center of the current radar mode
PL TCH( I ) Pitc h angle at the time of detection of target I
PTOUT(R) Pitch at the time of the kth clutter detection
RADIAN Conve rsion factor for radians to degrees (180/ir )
RANGE (I ,K) Range of the kth centroided detection of target !
RANGE3(I ,K ,J) Range of the kth detection of ta rget ! by mode J
RC(1) Basic radar frequency (MHz )
ItC(4) Horizontal 3-dB beamwidth (rad )
R C (5) Vertic al 3-dB beamwidth (rad )
ltC(6) One-way antenna gain
R C( 11) Power rece ived for target 1(W)
R C(12) Signal energy for target 1(J)
RC( 13) Clutte r energy for target ! (J)
RC( 14) Thermal noise plus jammin g f or  target I (J)
RC( 15) Num ber of reference cells on each side of the target cell used in

the moving-window detector
RC( 16) Clutte r correlation coefficient
RC( 17) Number of standard deviations used in the detection threshold
RC (18) Azimuth offset between beam positions (red)
RC(20) Detector video typ e:

o linear video
i log video

RC(2 1) Number of re ference cells used to calculate the thr eshold:
0 = all cells used

<0 half with smaller mean value used

-— 

>0 hal f with lar ger mean value used

• Table continues .
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Table 8 (Concluded) —SURDET3D Variables

Fortran Variable Description

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

RE 4/3 of the earth ’s radius (m)
RFR Ratio of the basic radar frequency to the frequency of the cur-

rent radar mode
RINIT Latest time by which the radar is to begin scanning
RLOUT(K) Roil at the time of the kth clutter detection
RMODE(J ,1) Lower 3dB point of the elevation angle coverage for mode J (deg )
RMODE(J ,2) Upper 3-dB point of the elevation angle coverage for mode J (deg)
RMODE(J ,5) -Interlook period for mode J (h)
RMODE(1,6) Scan offset for mode 1 (h)
RMODE(J ,7) Instrumented range for mode J (n.m i.)
RMODE(J ,9) Earliest time any target enters the instrumented range of radar

mode J
ROLL(I) Roll angle at the time of detection of target !
ROUT(K ) Range of the kth clutter detection
SHIP(5) Heeding of the ship (red)
SIGC Total sea-clutter energy
SMODE(J ,1) Blanking range for mode J (n.mi.)
SN Signal-to-noise ratio (dB) (assuming the radar is pointing at the

target)
SNDET(I ,K) Signal energy of the kth centroided detection of target I
SNDET3(I ,K ,J) Signal energy of the kth detection of target I by mode J
SNTRUE Signal energy
SOUT(K) Signal energy of the kth clutter detection
T Current game time (h)
TARCS Target cross section
THH Basic radar horizontal 3-dB beamwidth (red)
THV Basic radar vertical 3-dB beamwidth (r ed)
TIME(I ) Time of the detection of target I (s)
TIME3(l ) Time of the detection of target I (a)
TOUT(K) Time of the kth clutter detection (a)
TRGPOS(I ,4)  Slant range of target! (n.mi.)
TRGPOS( I ,5) Azimuth of target I (red)
TRGPOS(I ,6) Elevation of target I measured from the horizon (rad)
TSCAN (I ,J) Time when ta rget ! comes within the instrumented range of radar

modeJ( b)
V Range extent of the clutter cell (m)
XJAMN Total jamming energy (J)
XKTOMS Conversion factor for knots to meters per second
XNMTOM Conversion factor for nautical miles to meters

• XYZF(1 ,4) Time when target I reaches the endpoint of its trajectory (h) 
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Input for SURDET3D

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

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

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

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

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

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

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

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

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

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

10. Number of scan modes (limited to 30),
11. Linear polarization (00 to 90° , where 00 

= horizontal and 90° = vertical);

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

1. Lower 3-dB point of the elevation-angle coverage (deg),
2. Upper 3-d B point of the elevation-an gle coverage (deg) ,
3. Peak power (MW ),
4. Pulse length (~*s) ,
5. Interlook period (a) (must be identical for all modes),
6. Scan offset (s) ,
7. instrumented range (n.mi.), •

44

- -
~-



NRL REPORT 8228

8. Mode-dependent loss (dB),
9. Number of pulses integrated,

10. Compressed-pulse length (~ts),
11. Sea-clutte r improvement factor (dB),
12. Intermediate-frequency bandwidth (MHz) (if 0, the bandwidth is - -

~ •

compressed-pulse length),
13. Mode-dependen t frequenc y increment (MHz),
14. Blanking time (g.ts) (if 0, the blanking time is set at the pulse length),
15. Rain-clutter improvement factor (dB);

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

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

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

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

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

variance used);

Data card 8—num ber of targets and jammer s (total limited to 20) (215 format):

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

Data card 9 (one card for each target and jammer, paired with a card 10) — 13 target
parameters (12F 6.2 ,13 form at):

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

9-11. Head-on , broadside , and minimum radar reflective area s (m 2 ),
12. Jamming power density (W/MHz),
13. Marcum-Swerling cross-section model number;

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

- Target profile type (0 = stra igh t-line trajectory , 1 = altitude legs, and 2 g
maneuver at constant altitude), with profile parameters 2 through 8 that fol-
low being ignored for target profile type 0 and being as indica ted for target
types l and 2,

2. Number of altitude nodes (maximum of three), for target type 1, or target
speed (kft ls), for target typ e 2,

3. First alti tude node (kft), for target type 1, or initial heedin g of the t~trg~-t.
(deg), for target type 2,

_____  - — -.w--- ~- - -4~~•~~~~~.--- —
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4. Time of the target arrival at the first node (a) for targe t type 1, or time the
maneuver begins, for target type 2,

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

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

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

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

Data card il— four environmental parameters (4F8 ,2 format ):

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

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

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

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

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

3.dB beamwidth);

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

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

2. Number of clutter regions;

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

i. Average number of clutter points in the region ,
2. Initial range of the clutter area (k ft),
3. Final range of the clutter area (kft ) ,
4. Initial azimuth of the clutter are a (deg),
5. Final azimuth of the clutte r area in (deg),
6. Initial elevation of the clutter area (deg),
7. Final elevation of the clutter are a (deg);
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Data card 15—four roll and pitch parameters (4F8.2 format):

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

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

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

Data card 17—recycle control paramete r (15 format):

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

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

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

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

Output from SURDET3D

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

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

TAR GET Target number,
MODE Radar scan mode number (step in elevation scan),
TIME Time of the scan (s),
RANGE Slant range of the target from the radar (kft),
AZIM Azimuth angle of the target (deg),
ELEV Elevation angle of the target (deg),
SIGMA Radar cross section of the target (m 2 ),
FACTOR Multipath pattern - propagation factor (dB),
ESIG Signal energy (dB re 1 J),
NAMB Ambient noise(dB r e l J ) ,
NCLT Clutter energy ( dB re 1 J),
NJAM Jamming energy (dB re 1 J), - - 

-



DAVIS AND TR UNK

61

a . .  ‘ . -  . 7 -

.1 7, —l .11 0 -~ P. C t

~~~~. ~: ~~~ ~C C C C 0 0 0 C a
3 3 1  3 7 7

I P P. I.- I’- P P- P P~- N -—
• I I I I  I I • ~7 7 7 c- U ’ 7 , 1 6 1 6 0 P-~~~~1 6 Al7lg. lp~~~ A .o,-- 11- .- .,

.1 x P 1 U’~~~~~P . 6 U’ I 1 1 e 7 G 7 6 1 — — 3 7 f l l  — . - _ . .— . -  (I
— Cl Ill U’ 7 .1 C P. 3 7 P. P.. 4 As 7 7, P.. P. I.- •’ P. P. P. P.
O C C C C OC C C 0 0 0 c . 0 0 0C  C C  -

- . 4 —  0
a C- = C- C’~ C C C C 74 ~~ C, C C C P. C- 0 C 3 C C C. C It C C C -z — —
s.-, - 1 7 ‘ 7 7  4 3 3 1 I I I  I 1 1 1 1  1 1 1 1 1 1 . 1  .~~
I P. P. P- A. P. P. P. P. 7

• I I I I  • I I

U ’ 1 6 C 7P . P . U ’ 7 7 7 7 3 1 7 A . I AO & P - L A . Q
.4 7l — •~ P. 3% If 7 — C 0 7 C C, C C — — — A— ‘-•  0’ a 6 1 O P . 0 7 I t 3 — G P . 7 7 P . P . P -- P . I -’ ~~_& .. .~ - As As A 6 7% 61 3’ 3. —. —, P’ 7%. —~ — US 7%. Al As UI U’ Al C, Al A. A. A. A. 7%. A. 6

C C 4 3  3 C C 3 7 
2 6  As A A. S%I Al Al 7%, ge) : 3 C C . CC C C C O C C C C C C C .

• I I • l  • I I I)
•
C

-O C P— t-- P . P . P .P . A . t -P. &- t’ P. P- P. P’ P . P . P - t —1 ,j
71’ A. US 3 — it 7.0751 PS P.- 3’ 3’ 7, U’ Al 7, (7 * 7. 16 1 5  U’ 71 71 16U’ -3 7 7 7 7 0 7 C 7 7 7 C 4 74
3 A . A . J A . 6 1 7 6 1 0 7 . A . 7 , A . 4 A . C  7 ... C . C C G C G C C 0’ i t U ’ 3 ’ 3 % i t 3 ’  111111’.l ’U’ 7

C., 61 C~ U’ U’ P.. 7. 7 , 7 7 7  3- 7. 7 7 3 7 a 7 3 3 7 3 1 3 7
• I I I I  I I I 3 — 

4)
• cx p 0 0 7 7 0 3 7 7  ; 0 c, ’C c  c C e c . c c  C , .
• 1%. A. PA Pt) P1 07% PA IA .1’ — 16 p’S P. PA 16~~~ P. * UI .4) P.

• •~ A. 07% — ‘ %  A. U’ -_ PA • C P. 111 71 7 7 7. P’ . 4, P. 4 C. 7 A. 16 3 C U -  P-
• .1 I I I I I I I I 61 II ’ U) 75 7. U’ Al — 7 C 7 P. — — C P. 7, .‘ 7 3 C A. 4),

IC. A. E
7— 

— e •  N I t V- P . 7 7 ,P .U ’ U ’ U ’ 0 P - P~~C I t U ’ U S U ’ U ’ l P.P I1 ~~
— C C C C C  C. C C,
U’ 7.

C
- o  0’ 0 7 7  7 0’ 0’

I C —  -  P .f- 7 #’ Al U ’ C C C C C C  C P . ( 3 4 A . 4 1 6 0  7.
— Cl 3 — — P. .1- If’ 7 ItS P. 051 3 C, C. C C 05. — C — £ 1 0 P.’

I. .— . 6 1 3 A s t Z 3 r 3 A ., . -P . - — 7 4 J S
r I— , 4 c C . , e, c t r C e c - , : - 3 ,- — . . * c — — — —  c

:~
- 

~~~~~~~~~~~~~~~~~~~ ~~~ _ =  __ _ t  _ C . _ — , -  -s
IC

• C A. -’ , A .’ 7 1 A l , 0 5 1 A s 7 A . 7 A s’ 7 A l  V
7 P .  4, 7, % P . 7  7 C C  . -11  0

C- ( . 3 7 7 1 1 7 A . J . ’ J ’O A . A . C A . C

C C O C  C . G C . C C C C C C C C  C 
— 

C , C . -~~~- — — ~~~ A.

• .f% — IA- 151 7 16 ,C ft If’ .~~
• I .~~

—

• t~~~~~ C, - C 7 7 -1” 7 7 4  .., 0 a a O — a 4 1 6 U’ C 7 0 t t -’- t P - I % . — — 4 .  -
- 3 3  4 11’ 7 U ’ V % CO  C U  %1 31-, 7 S P A .
.14 7 14  . d 3 % 4 % U 1 U’ U ’ I t 4 111- I113 . I 7 % C 7 7 3 1 5 1 7 7  7 7 6 C P . 4 #  C 3  4 . 7
.1 7 (  0 C 3 7 6 7 0 7 4 7 7 4 7 4  N ~~~ 4 U’ U’U’U’ 3 7 U’ . - A . 0  7 C C U’ A . P -  0

— C .4’ —- III P0 04 — 7 * U’ 0417 l4’ PC IA — U 0.
I C C U’7 C ,A . 7 ..U ’AsA.P.U ’3ItA.t7A..’As

4 14  ~~~A.~~~~A. I5. - ’ . A . A . — A l & A . 6 1 A . A .’ A . A . A .
— 5

0.
‘aa

*0  0’ 0 0-0  0 0 0 C — ~~U’ 0 U ’ A . 7 3 0 C , C . C C C 0 3 C C C  0 1,
I  • C I t

U’ If’ US If’ If’ 11’ 11’ — .~ A . A s A s A s A . A I A . A l A s A . I % I A s A .
— Co

- l 2 .1 .1 7 2~~~ 3 Z 1 1 * ~~~ I 1 Z 7 % 7 3 7 1 S 1 . . 7 2
1C3 3 7  7 7 7. 7. N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~N Z z Z 2 a a Z . C a J 4 . Z x C .~~,i,l ,t .: .- d~~

- 
~~— P. ~ — — P. P.

— 5314 7 4 1 4  I.. 53 74 14 .1
C 74 71 71 NJ & 5.1 74 1 7 0 7 3 . 3  3C P. 7’ & 7 7 . 3  £ 3 . 3 .3 7 . 7 . 7 C ,C, ~~~
• — 1— I— 051 0.’ I’- IS’ 7. 0 — I. A. p~ 0 45 7-  4

‘an Il. II I 71 MI S 5.1 Ml S 7.’ P. P’ II ~ I. . I. .- P P. P I.’ P . S —  P. 0— I— I— P’ I.. P. P
I C) C) C. C. C) C C 0 5 4 1 4 7 4 7 4 t 1 1 4 7 4 1 31 4 1 4 1 4 7 4 1 4 7 4 1 4 I 4 7 4 1 4 7 4 1 314 74 I
74 S S S N 5 5 5 5 5 NI NI NI NI NI NI NI NI 74 MINI 5 7 4 7 4 5 7 4 7 1  III 5.. MINI NI 

P7 IN Al P7 7. p’p- P- p- I.’7- I- P- 7 . P . p’P -I - - p - p- p -  131
7 44 71 NI NI MiNI Ml NI NI NI NINIWNININISNJ5.I NJ 1(1 NJ 74 ‘ - -

7. ‘ ,,P.

48

‘ —It - -

-~~~~~~~~



NRL REPORT 8228

E/N Signal-energy-to-noise-energy ratios (dB), with the first ratio being the
value when the radar is pointing at the target and the second ratio being
the actual value used to determine a detection,

MER3 Indicato r of the interfering- target problem (to be descri bed in the sub-
section on subroutine DET3D).

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

Lines 16 through 38 are the data constituting the output record written on logical
unit  LOUT for subsequent use as input to the MERIT trackin g programs [2J .  (In addition
the actual range, azimuth, and elevation of each target and the time each is scanned by the
radar are also written on lOUT.) Line 19 identifies the current record by specifyin g the
scan number , cur rent game time in seconds, num ber of detections (including false alarms),
radar identification augmented by 3000, ship’s heading in radians, and number of targets de-
fined. The remain ing lines, labeled by detection number , provide data as labeled by line 20
for each centroided target detection and false alarm ( fixed or variable clutter detection).
The information provided for each detection starts with a detection number : 0 through 99
identifies a target , 101 through 199 indicates a fixed clutter point , and 200 represents a vari-
able clutter point. Following the detection number are the estimated range in nautical miles,
the azimuth and elevation angles in radians, the time of detection in seconds, the signal
energy in decibels , and the roll and pitch angles in radians. Presently the signal energy for
fixed and variable clutter poin ts is set to 34 .8937 and 30.4 567 dB respectively. If the signal
energy is t ’ - sed by a trackin g prograni , ~ a~ propriate signal energy must be generated .

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

Subroutine AD.JDET

Subroutin e ADJDET is called by subroutine MRDT3D. The routine determines
whether the ith detection of target KTAR in the jth mode is adjacent to any detection k in
the set of K detections which have previously been determined to be adjacent (Table 9).
Two detections are adjacent if two of their three parameters (range, azimuth , and elevation)

• are the same and the other parameter differs by at most the resolution element: range-
resolution cell ~ R , azimuth beamwidth 0 , or elevation bean’iwidth ~ respectively. To avoid
roundof f errors , the ith detec tion is added to the previous set of K adjacent detections if
any of three conditions is satisfied for any kth detection in the set. The first condition is

R~~R k I ~~~1.2 i~ R ,
A - . A k I ’~0.1 0 ,

- IE- E k l~~ 0.1-y;
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the second condition is

IR - R h ~ 0.1 ~ R ,

IA — A k I~~~l.2 O ,

I E - E k I~~~0.1 7;

and the third condition is

IR -R a I~~~O.l I~R ,

IA A a I~~~O.l 0 ,

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

Table 9 —  ADJDET Variables

Fortran Variable Description

A Azimuth angle A of the ith detection of target KTAR by the j th radar mode
AZ3(KTAR ,I,J) Same as variable A
DETPAR(K ,1) Range R k of the kth adjacent detection
DETPAR(K,2) Azimuth A,, of the kth adjacent detection
DETPAR(K,3) Elevation E,, of the kth adjacent detection
DETPAR (K ,4) Signal power of the kth adj acent detection
E Elevation angle E of the jth radar mode
EL3DB The antenn a 3-dB elevation beamwldth ~I Index of the detection being tested
J Index of the radar mode being tested
K Present number of adjacent detections
KTAR Target under consideration
NEWJJ Present number of nonadjacent detections in the prev ious set of I - 1 detec-

tions of target KTAR by the jth mode
R Range R of the ith detection of target KTAR by the Ith radar mode
RANG E3(KTAR ,1,J ) Same as variable R
RES Range -cell dimension t~R
RM ODE(J ,l) Elevat ion angle E of the j t h radar mode
SNDET3(KTAR ,1,J) Signal powe r of the ith detection of target KTAR by the jth radar mode L 

- - 

- 
~

- -
TH3DS The antenn a 3-dB azimuth beamwidth 0

__________________________ ______________________________________________________________________________________ ‘4- ’ -

• . ~,4.

50

~c- .- ‘~~~
- -- -

~-I; ’~ 
~~~~ -

- - - -~~~~~ 

— 
— 

- -
~~~~~~~~~

-
~~ ~~~~~~~~~~~~~~~~~~~



NRL REPORT 82214

Subroutine DET3D

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

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

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

The main recursive section of the routine generates the azimuth beam positions on
either side of the azimuth beam position with maximum gain . It first generates the azimuth
beam position preceding the main-gain beam position. This beam position (1 is

0 O~~(K 0 + IAZ - 2), (88)

where IAZ = 1 for the first beam positio n , O~ is the azimuth angle between complete eleva-
tion scans, and K0 is the integer defi ned by

K0 = integer [(A - 0,) 10B + 0.51, (89)

in which A is the target azimuth and 0~, is the azimuth angle of the first elevation scan .

In the simulation the video return is generated only in the reference cells surrounding
the target. Thus , to save computer storage , only 25 range cells are saved and the target is

- • always placed in the 13th cell . Consequently the range to the start of the firs t range cell is

Rs = I~R(K
RS 

- 13), (90)

where AR is the range-cell dimension and KRS is the integer defined by
Kus integer (R/ ~~R ), (91)

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

NF =l l - NR,  (92)

and the index of the last range cell is

NL = 15 + N R . (93)

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

F1a 1, i = 1 , ..., M.  (94)

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

~‘.~~= — log U1,  i = 1 ,. .., M.  (95)

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

F.~~= — log U~, i = 1 , ..., M. (96)

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

F,k = — 0.5(log U1 + log LI2) ,  i = I M. (97)

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

F.k = — 0.5(log U1 + log UM+1), i = 1, ..., M. (98)

The signal is next placed in the appropriate range cell and the adjacent range cells by
- 

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

KR integer [(R k - Rs)/~~R ] ,  (99)

where Ra is the range of the kth target. The signal-return reduction F in the adjacen t range
cell

— KR + 1, I — —1, 0, 1, (100 ) 
*
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is given by (because of the (sin x)/x pulse shape)

F =  ((sin Fd)/ Fd 1 2 , (101)

where

Fd = 2.7832( R~ -R R) / ~~R (102)

and

= (K T + 0.5)~~R + Rs. (103)

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

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

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

where

Gd = 2.7832 (Ak — 0)/0 3dB , (105)

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

S.,K~ (new) = S.,K1 (ol d)  + GFFj k Pk/ (C + N ) ,  (106)

where 
~k is the signal energy of the kth interfering target.

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

Nex t Rayleigh noise (and possibly correlated clutter) is added to the signal to produce
the total video return x1,. The video return is generated (because of computer speed con-
siderations) for three distinct cases: clutter insignificant and no signal present in the range
cell , clutter insignificant and signal energy S, present in the range cell , and clutter signifi-
cant. The significance of clutter is indicated by the product of clutter and the number of
pulses integrated CM being greater than N, and signal pre sent in the jth cell is indicated by
1(j) = 1. Thus, the ith return in the jth cell x~ is given as follows. For clutter insignificant
(CM ~ N) and no signal in the jth cell (1(J) 0)

x11 ( -2 log (11) 1’2 , 1 1 , ..., M , (107)

where the U1 are independent uniform random numbers between 0 and 1 different for each
j . For clutter insignificant (CM h~ N) and signal in the jth cell (1 (J )  1)

4 x1~ — ((a 1 cos~~1 + (2S,~) 1I2 ) 2 + (a1 sin Ø ) 2 } 1I2 , (108)
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where

a = ( — 2  log U.) 1”2 (109)

and

ØI 2Ir UI +M .  (110)

For clutter significant (CM > N)

x~r {[CX, +a 1 cos Ø1 + (2S11)’~
2 12 + (CY i +a i sin~ ,i) 2 } U2 , (111)

where the Rayleigh-noise components a cos 4i~ and a sin iti, are given by

a, = N’(— 2 log ~ I + M ) ’ (112)

and

(113)

with

N ’ = ( Nf ( C + N ) J ’12 , (114)

the clutter is given by

CX1 = pCX1...1 + (1 — p 2 ) 112cw sin 
~ 

(115)

and

Cl’, = pCY~ 1 + (1 — p 2 ) 112a cos 
~~ 

(116)

in which

a = C ’(— 2 l o g U1)112 (117)

and

= 2rrU1~~M,, (118)

with

C~= ( C/ ( C + N) ) 112 , ( 119)

* and the initial clutter values are

CX0 C’a0 cos (120)

and ~~.:
CY0— C ’a0sin 44~. 

(121)
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Next a decision is made whether to use linear video (Fortran variable XLOG = 0.0) or
log video (XLOG = 1.0), according to the value of XLOG specified at input. Then theM
pulses are integrated in each range cell, yielding the values

Z~= ~~ (122)

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

2• = 
~~~~~~~ ~~ (Z~+1+1 +Z111 ) , (123a)

NH - -
— 1 -

~ZJ = 
~~~

— 

~~
:i 

z1~1~ 1~ (123b)

or /
= ~~ Z~.1 1, (123c) 

(
and the corresponding mean squares are

N H

zj~
_ 

~~
-
~~~

-- 
~~ (Z~~1÷1 ÷Z~

2.1_1 ), (124a)

zj~= ~~~~
- ~~ Z~~1,.1, (124b)

and

N,1
zj 1 = 7~;i~- ~~ ~~~~~ (124c)

The standard deviation is

(Z 2 .. (7,) 2 J 1I 2 , (125) 2

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

T~= Z ~, + F 0 o~, (126)

where the parameter F0 is used to set the false alarm rate. (Appropriate values of F0 are
given in Appendix A.) The two-parameter threshold for log video has dubious meaning,
since the threshold can be dominated by the shape of the density function near zero. The
one- parameter threshold is

T~- =F 0 2~ (127)

for linear video and

T~=F 0 + Z ~ (128)

for log video.

Fin ally, detections are declared by comparing Z12, Z13, and Z14 to T12, T13, and T14
respectively. If is greater than T1, a detection is declared in the jth range cell , the counter
for the number of detections denoted by ii is increased by one, and the following detection
parameters are saved:

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

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

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

Table 10— DET3D Variables

Fortran Variable_[ Description

A Ray leigh random variable (a, in Eq. 109)
AA Azimuth of the kth interfering target (A k in Eq. 105)
AOLDX Gaussian clutter random variable (CX1 in Eq. 115)
AOLDY Gaussian clutter random variable (Cl’, in Eq. 116)
AZBBP Azimuth angle between elevation scans 

~~~~ 
in Eq. 88)

AZIM Azimuth of the center of the present beam position (0 in Eq. 88)

4 Table continue.. - - 
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Table 10 (Continues) — DET3D Variables

Fortran Variable Description

AZINIT Azimuth of first complete elevation scan (0~ in Eq. 89)
AZ3(I ,U ,J) Azimuth of the 11th detection of the ith target by thejth mode
Al Rayleigh random variable (a~ in Eq. 117)..
B Uniformly distributed phase angle (çb, in Eq. 113)
Bi Uniformly distributed phase angle (Ø- in Eq. 118)
C Clutter energy (C in Eqs. 106, 114, and 119)
CC Normalized clutter energy (C’ in Eq. 119)
COR Clutter correlation coefficient (p in Eqs. 115 and 116)
D(J) Detection threshold for the jth range cel1(T~ in Eqs. 126 , 127 , and

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

range cell (Fd in Eq. 102)
FFN Normalized noise energy (N ’ in Eq. 114)
FL Fluctuation amplitude when the amplitude is the same for all pulses
FLUCT(I ,J) Fluctuation amplitude of the ith pulse and the jth interfering target

(F,a in Eqs. 94 and 98)
FN Noise energy (N in Eqs. 106, 114, and 119)
FSIG Num ber of standard deviations used in the calculation of the thresh-

old (F0 in Eq. 126)
G Signal reduction due to the antenna pattern (G in Eq. 104)
GDIF Normalized difference between the target azimuth and the center of

the beam (Gd 
in Eq. 105)

IAZ Index of the current azimuth beam position (IAZ in Eq. 88)
II Number of detections (II in text after Eq. 128)

1 IKEY(NTAR) Indicator that fluctuation amplitudes have been calculated at leas t
once for target NTAR

IME R GE Indicator th at the interfering target is in the 9th to the 17th ran ge
cell

INF( I) Index of the ith interferin g targe t
IS(J) Indicator that the signal is in thejth range cell (1(j) in text preceding

Eq. 107)
KAZ Azimuth beam position closest to the target (K0 in Eq. 89)
KK Counter for random numbers
KR Range cell in which kth interferin g target lies (KR in Eq. 99)
KRS Range cell in which target NTAR lies (KRS in Eq. 91)
KT Range cell adjacent to the target cell (Kr in Eq. 100)
M Number of pulses integrated M
M2 Two times the number of pulses integrated
M3 Three times the number of pulses integrated
M4 Four times the number of pulses integrated
ME R 3(I ) Indi cator of an interfer ing- target problem (a targe t within three range

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

MODE Active radar mode :- “- - 
- 

-

________________ __________________________ —

~~ 

- 

Table continues . 
- 
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Table 10 (Continues) — DET3D Variables

Fortran Variable Description

MODEL(I) Swerling fluctu ation index for the ith target (N SW in text preceding
Eq. 94)

MS Number of pulses integrated M
N Num ber of targets
NDET3(I ,J) Number of detections of the ith target by the jth rad ar mode
NF Last pulse simulated (M in Eqs. 94 through 98)
NI Number of targets in the reference cells (NI in text after Eq. 106)
NREF Number of reference cells on each side of the test cell (N 11~ in Eqs.

123 and 124)
NREF2 Two times NREF (2NR in Eqs. 123a and 124a)
NRF Last range cell used (NL in Eq. 93)
NRS First range cell used (N F in Eq. 92)
NS First pulse simulated (1 in Eqs. 94 through 98)
NSW Index of the Swerling fluctuation model (NSW in text preceding

Eq. 94)
NTAR Target of interest
N3DB Number of pulses integrated M
P Function of the clutte r correlation ((1 _ p 2 ) U2 in Eqs. 115 and 116)
PARM Parameter to denote whether the mean (PA R M 1) or the mean and

the variance (PARM = 2) should be used to calculate the threshold
R(I) Uniform random numbers (U , in Eqs. 96 and 98)
RANGE3(I ,II ,J) Range of the 11th detection of the ith target by the jth mode
RES Range-cell dimension (~~R in Eq. 90)
RR Range of the kth interfering target (R k in Eq. 99)
RS Range to the first of the 25 range cells (R s in Eq. 90)
RTEMP Range to the center of the Kr th range cell (R r in Eq. 103)
S Signal energy S
SM Normalized signal energy including the effects of the pulse shape
SNDET3(I ,II,J) Signal amplitude of the 11th detection of the ith target by the jt h

mode
SNINT Maximum integrated signal-to-noise ratio
SNREF(K) Signal energy of the kth interfering target (

~ k in Eq. 106)
SS(I ,J ) Signal energy of the ith pulse and the jth range cell (S11 in Eqs. 108

and 111)
SUM(J) Integrated sum of the jth range cell (Z~ in Eq. 122)
TH RSH Indicates reference cells to be used
TH3DB The 3-dB azimuth antenna beamwidth (0 3d5 in Eq. 105)
TRGPO S(I ,4) Range of the ith target (R in Eq. 91)
TRGPOS (I ,5) Azimuth of the Ith target (A in Eq. 89)
TWOP I T*o times 3.14 15926536 , or 2ir
U Mean value of the reference cells (Z~ in Eq. 123a)
ULOW Mean value of lower half of the reference cells (Z~ in Eq. 123c )
UUP j Mean value of upp erhai f of the reference cells (Z~ in Eq. 123b)
X(l ,.J ) Video return of the Ith pulse in thejth cell (x~ in the text precedin g

Eq. 107)

Table continues . - 
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Table 10 (Concluded) — DET3D Variables

Fortran Variable Description 
_______

XLOG Denotes the typ e of video to be used (linear if XLO G 0 and log if
X L O G = 1)  —

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

XMSLOW Mean square of the lower half of die reference cells (Z,2 in Eq. 124c)
XMSUP Mean square of the upper half of the reference cells (Z~2 in Eq. 124b)

Subroutine FXCLT3

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

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

PROB — probability that a clutter point is detected,
RS — initial range of the clutter area (kft),
RF — fin al range of the clutter area (kft) ,

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

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

Th e initialization section calculates the range-cell dimension ~ R by

L~R c r ~f 2 , (129)

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

R , = R s + (R F - R s)U j (130)

and

0.- 0 s + (0 p — 0 s) Va , (131)

where R, and 0 , are the range and azimuth of the clutter points , R5 and RF are the initi al
and final range boundaries of the clutter area , O~ and O~ are the initial and fin al azimuth
boundar ies of the clutter area , and U1 and V3 are independent , uniformly distributed ran-
dom numbers.

________________ — 
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The detected clutter points are generated by calling FXCLT3 once per scan . For each
clutter point a uniform random number U is compared to ~r ’ the probability of detecting
the clutter point. If U ‘~ Pr , the clutter poin t is assumed to be detected , Gaussian errors are
added in range and azimuth, and the azimuth measurement is corrupted by roll and pitch.
The range measurement is

R m = (K + 0.5)~~R , (132)

where

K = integer ([R , + OR (- 2 log U1) 112 cos 2ir V1 J / ~~R } ,  (133)

in which 0R is the measurement standard deviation and U, and V, are unifo rm random
numbers. The errors in azimuth and elevation are

€
~ 

= o~ (— 2 log U1) ~’2 sin 2irV1 (134)

and

= W/) e 12 , (135)

where O~ is the standard deviation of the azimuth measurement, °e is the elevation beam-
width , and U,, V,, and W, are uniformly distributed random numbers. The angles of roll R
and pitch P at time t are

fl = R~~~ sin (2ir t/ TR + 
~R )  (136)

and

~~~ ~~max ~~~ (21( t/ Tp + øj)) ,  (137)

where R max and “max are the maximum roll and pitch angles, T8 and T~ are the cor-
responding periods, and t~R and 4 are uniform phase angles between 0 and 2ir . The meas-
ured azimuth position 

~m (in the deck plane) is ~~

Isinacos fl + (cos a sj nP + t an ec O s P) sifl Rl
Cm =ta n 1— — . ~~~~ 

(138)
I. cosacosP-tan e sin P j

and the measured elevation position em is [3)

em ‘ sin 1 Icoaecos a sinP +s ine cos P) cos R - cosesin a s inR )  + €  (139)

where a 0 is the true azimuth , e 0 is the true elevation of the clutter poin t, and e0 and
are the previously calculated azimuth and elevation errors . Finally the measurements Cm

and em which are relative to the deck plane of the ship can be rotated into a system whose
xy plane is the plane of the ocean . These equations are [3j

tan 1 f— sin R sin em + COs R 5~~0m cos eml (140 )
L COS P C05 Cm cos em + D sin P j  “-
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and

= sin 1 (sin P cos am cos em + D COS P] ,  (141)

where

D cos R sin em + ~jfl R sin am cos em .  (142)

The detection time T3 is proportional to the azimuth :

= T0 + (~~T)0 1 / 2 7r , (143)

where T0 is the time of the start of the scan and ~ T is the scan period.

Table 11 — FXCLT3 Variables

Fortran Variable Description

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

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

AM Azimuth measurement (between ir and 3ir )
AT Measured azim uth (between 0 and 2~r) (a m in Eq. 138)
ATEMP Azimuth measurement ( between ir and 3ir )
AZ Tru e azimuth of the clutter point (0 , in Eq. 143)
AZO UT Azimuth measurement (am in Eq. 138)
CP Cosine of the pitch angle
CR Cosine of the roll angle
E Elevation of the target in the deck plane
EL True elevation e of the clutter: e = 0
ELOUT Elevation measurement (e~ in Eq. 141)
ET Elevation measurement (em in Eq. 139)
IC Number of fixed clutter poin ts detected this scan
ISET Initialization number for the random-number generator
K Range cell of the measurement (K in Eq. 132)
N Number of fixed clutter points
NC Index of the clutter point detected
N2 Two times N
N3 Three times N
N4 Four times N
PFAC Frequency of the pitch cycle
PHASE(1) Phase angle of the roll (

~R in Eq. 136)
PHASE(2) Phase angle of the pitch (4 in Eq. 137)
PMAX Maximum pitch angle (

~ max in Eq. 137) - . -~PROB Probability that the clutter point is detected (
~~r 

in text preceding - 
- - 

-

Eq. 132) ‘ i
- . 

— 
- 

-

Table continues , - . .-~ -
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Table 11 (Concluded) — FXCLT3 Variables

Fortran Variable Description

PTOUT Pitch at the time of the ith detection (P in Eq. 137)
R True range of the clutter point (R , in Eq. 130)
RADIAN 57.29578°, the num ber of degrees in a radian , or 180/ir
PAN Array of uniform random numbers (U , in Eqs. 130, 133, and 134)
RAY Rayleigh random number
RC(4) Azimuth beainwidth
RC(5) Elevation beamwidth (O e in Eq. 135)
RC(19) Range-cell dimension (AR in Eq. 129)
RES Range-cell dimension (AR  in Eq. 132)
RF Final range of the clutter area (R F in Eq. 130)
RFAC Frequency of the roll cycle
RLOUT Roll at the time of the ith detection (R in Eq. 136)
RMAX Maximum roll angle (R max in Eq. 136)
RMODE( 1,5) Scan period (AT in Eq. 143)
ROUT Range measurement (R m in Eq. 132)
RS Initial range of the clutter area (R s in Eq. 130)
SHIP(5) Ship heading
SIGA Standard deviation of the azimuth measurement (o~ in Eq. 134)SIGR Standard deviation of the range measurement (°R in Eq. 133)
SOUT Energy of the ith detection
SP Sine of the pitch angle
SR Sine of the roll angle
T Time of the start of the radar scan (T0 in Eq. 143)
TAU Compressed pulsewidth (a) (r~ in Eq. 129)
TE Tangent of the elevation angle (zero )
TH Uniform distributed phase angle
THF Final azimuth of the clutter area (0 F in Eq. 131)
TUS Initial azimuth of the clutter area (O~ in Eq. 131)
TIMSCN Scan period (AT in Eq. 143)
TIMZB Time of the zero-bearing crossing (T0 in Eq. 143)
TOUT Detection time (T1 in Eq. 143)
TWOPI Two times 3.1415926536, or 2ir
X Trigometric function of angles
Y Trigonometric function of angles

Subroutine INITAL

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

SIIIP( 1) — x position coordinate (kft),
SIIIP (2) — y  position coordinate (kft),
SFII P(3) — z position coord inate (antenna height above sea level) (kft),
SF1 IP(5) — ship heading (deg).

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

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

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

N SCAN — Number of scan modes to be defined (a number not to exceed 30),
POLRZ — Linear polarization from 00 to 90° (0° = horizontal and 90° = vertical).

Each raiar scan mode J is described by the b lowing 15 input parameters, which are
read into the RMODE , IMODE , SUBC, DWL, and ‘~MODE arrays:

RMODE( J, 1) —- lower 3 dB-point of the eli vation.angle coverage (deg) ,
ItMODE(J ,2) — upper 3 dB-point of the elevation-angle (~overage (deg),
RMODE(J ,3) — peak power (MW),
RMODE(J ,4) — pulse length (ps),
RMODE(J ,5) — interlook periou ( time between scans)(s)
RM ODE(J ,6) —- scan offset (relative to radar initialization) (s),
RMODE(J ,7) — instrumented range (n .mi.),
RMODE(J,8) -

~~ mode-dependent loss (dB) ,
l\l( ?J ) E(J , i )  --- number of pulses integrated,

RMODE(. J ,1 1) -— compressed-pulse length (ps),
SUHC(.J ) — sea-clutte r improvement factor (dB) , -

It\~ FW~ J , 12) — intermediate - frequency bandwidth (M Hz) (if 0 is entered , the han d-
width is set at 1.0/(compressed-pulse length ) 

-IJw L(J) -
~ mode-d ependent frequency incr ement (MHz) (if DWL(.J ) is nonzero ,

the eff ’rtive horizontal and vertical beamwidths and antenna gain for
this scan mode are also affected),
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SM — blanking time (ps) (if 0 is entered, the blanking time is set at the
pulse length),

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

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

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

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

ability of a false alarm),
RC( 18) — azimuth offset between beam positions,
RC(20) -- video--type indicator (0 = linear video and 1 = log video),
RC(2 1) — number of reference cells used for the threshold (0 = all cells used, <0

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

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

Subroutine INITAL also perform s checks on the input data with the resul t that ~

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

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

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

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

Table 12 — INITAL Variables

Fortran Variable Description

DWL(J) Frequency increment for mode J (MHz)
IMODE(J ,1) Number of pulses integrated for mode J
IMODE(J ,2) max (B ,b’r~, 1) rounded to the nearest integer for mode J
MiLLION 1 X 106
MM Effective number of pulses integrated
N SCAN Numbe r of scan modes
F! 3.1415926536 , or -,r - - 

-

PIO VER2 One half of 3.1415926536, or ir/2 ~-..

Table continue..
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Table 12 (Concluded ) — INITAL Variables

Fortran Variable Description 
-

POLRZ Linear polarization (0° to 90° , where 0° horizontal and 90° = vertical )
RADIAN 57.29578° , the number of degrees in a radian , or 180/u
RC( 1) Radar frequency f (MHz)
RC(2) Indicator of the antenna-pattern function:

0 pencil beam
1 = csc 2 beam

RC(3) Receiver noise
RC(4) Horizontal 3-dB beamwidth (deg to rad)
RC(5) Vertical 3-dB beamwidth (deg to rad)
RC(6) One-way antenna gain
RC(7) One-wa sidelobe level
RC(8) Receivei losses
RC(9) Transm i tter losses
RC(10) Boltzman n ’s constant times the system temperature, or kT (J)
RC(15) Number of reference cells on each side of the target cell used in the

moving-window detector
RC( 16) Clutter correlation coefficient
RC(17) Number of standard deviations used in the detection th reshold
RC(18) Azimuth offset between beam positions (deg to rad )
RC(20J Detector video type:

o linear video
1 = log video -

RC(2 1) Number of reference cells used to calculate the threshold :
0 all cells used

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

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

RMODE(J ,1) Lower 3dB point of the elevation-angle coverage for mode J (deg)
RMODE(J ,2) ‘Jpper 3-dB point of the elevation-angle coverage for mode J (deg)
RMODE(J ,3) Peak power for mode J (MW to W)
RMODE(J ,4) Pulse length for mode J ( t s  to s)
RMODE(J ,5) Interlook period for mode J (s to h)
ItMODE(J ,6) Scan offset for mode J (s to h)
RMODE(J ,7) Instrumented range for mode J (n.mi.)
RMODE(J ,8) Mode-dependent loss for mode J
RMODE(J ,11) Compressed-pulse length for mode J (gs)
RMODE(J ,12) Intermediate-frequency bandwidth for mode J (MHz to Hz)
SII [P( 1) x coordinate of the ship position (kft  to n .mi.)
SHIP(2) - y coordinate of the ship position (kft  to n .mi.)
SJ-llP(3) Antenna heigh t (kft to n .mi.)
Si-HP(S) Ship heading (deg to rad)
SM Blanking time used to calculate SMODE(J ,1) (~is)
SMODE(J ,1) Blanking range for mode J (n.mi.)

• SMODE(J ,2) Rain-clutter improvement factor for mode J
SUBC(J ) Sea-clutter improvement factor for mode J
TAU(J) Compressed-pulse length for mode J, or r~ (s)
TWOPI T~~o times 3.1415926536, or 2ir
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Subroutine 1NIT3D

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

Table 13 — INIT3D Variables

Fortran Variable Description

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

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

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

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

N Number of targets
NDET 3 (I ,J) Number of detections of the ith target by thejth mode
NSCAN Number of radar modes

Subroutine MRDT3D

Subroutine MRDT3D is called once at the end of the radar scan after all the detections
for each target and radar mode have been made. The purpose of the routine is to merge

• adjacent detections from the 3D radar and estimate the range , azimuth , and elevation of the
centroided detection. The number of detections, the range , the azimuth , the elevation , the
signal power of the centroided detection , and the detection time are stored in NDET ,
RANGE , AZ , ELEV , SNDET , and TIME respectively (Table 14).

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

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

-

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

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

R =  ~~ Sa, (144 )

K K
A ~~ S~A

7

/
~~ sh~ 

(145)

~ 
Sk E

)
/
’
~~ Sk ,  (146)

and

S max (Sl , S2 , ..., SK }, (147)

where R k ,  A~ , Ek ,  and Sk are the range , azimuth , elevation , and signal power respectively
associated with the kth adjacent detection. If F is less th an the radar’s elevation 3-dB beam-
width , the estimate can be corrupted by multipath propagation , so the following estimate of
elevation is used;

F (E min + Em~~)/2 , (148)

where

Emin ~ min (E I , E 2,. .., .EK } (149)

H and

Emax max {E I , E 2,. .., EK} . (150 ) V --
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The centroided estimates of range, azimuth, elevation , and signal power are stored in
RANGE , AZ , ELEV , and SNDET.

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

Table 14— MRDT3D Variables

Fortran Variable Description

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

AZ3(KTAR ,I ,J) Azimuth of the ith detection of target KTAR by the jth radar
mode

DETPAR(K ,1) Range of the kth adjacent detection (R k in Eq. 144)
DETPAR(K ,2) Azimuth of the kth adjacent detection (A k in Eq. 145)
DETPAR ( K ,3) Elevation of the kth adjacent detection (Ek in Eq. 146)
DETPAR(K ,4) Signal power of the kth adjacent detection (Sk in Eq. 147)
ELEV ( KTAR ,I )  Elevation of the ith centroided detection of target KTAR (E

in Eq. 146)
EL3DB The antenna 3-d13 elevation beamwidth
EMAX Maximum elevation of the adjacent detections (Em~~ in Eqs.

148 and 150)
EMIN Minimum elevation of the adjacent detections (E m•~ in Eqs.

148 and 149)
I Index of the detection being tested
II Number of centroided detections for target KTAR
J Index of the mode being examined
JJ Number of detections in the jth mode
K Number of adjacent detections
KTAR Index of the target being cent roided
LTAR Index of the target being examined to find adjacent detections
MER(I) Indicator of an interfering target problem (a target within

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

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

MER3(I) Indicator of an interfering-target problem for the ith target
N Number of targets

• NDET(I) Number of centroided detections for the ith target
NDET3(I ,J) Number of detections of the Ith target by the Jth mode
NEWJJ Present number of nonadjacent detections in the previous set

of! - 1 detections of target KTAR by the jth mode
NSCAN Number of scan modes I ‘~ 

.:- -

• Table continues . -
. 

-
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Table 14 (Concluded) — MRDT3D Variables

Fortran Variable Description

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

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

RES Range-cell dimension
RMODE(J ,1) Elevation angle of the jth mode
SNDET(KTAR ,I) Signal power of the ith centroided detection of target KTAR

(S in Eq. 147)
SNDET3(KTAR ,1,J) Signal power of the ith detection of target KTAR by the jth

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

Subroutine STAB3

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

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

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

The modified azimuth and elevation positions are generated by calling STAR3 once
• per scan from the executive routine (after all detections have been obtained). The roll R and

pitch P angles at time t are

R R m sin ( 2 lrtfT R + 
~~~~) 

(151)

and

- j  P~r P m sin ( 21r tfTp + øp ) ,  (152)

where Rm and 
~ m are the maximum roll and pitch angles, TR and Tp are the corresponding

periods, and *R and Ø~
, are uniform phase angles between 0 and 2ir . The measured azimuth - - 

-

position am (in the deck plane) iS (31

I
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Isin a cos R + (cosasj nP +  tan e cos P) sin Rlam = tan I . I +
~~~~~~ , (153)

L cos a cosP-tan e sin P

arni the measured elevation position em is 131

em =si n~~ 1(cos e cos a s inP+  sin e cos P) cos R - cosesin a s i n Rj  + Ce, (154)

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

If one measured only 0m and not em , one would have large azimuth errors. For
instance , i f R  10° , P=  5° , and e = 15°, the azimuth error can be as large as 5° even
though u~ = 0.5° . h owever , i te m is measured and R and Pare known , the measurements
a~, and em , which are relative to the deck plane of the ship, can be rotated into a system
whose xy plane is the plane of the ocean. These equations are (3]

a ’ = tan~
1 [_ Slfl R sin em + COS R sin 0m cos em] (155)m I cos P cos Cm cos em + D sin P J

and

e~ = sin 1 (sin P cos am cos em + D cos P), (156)

where

D = cos R sin em + sin R sin Cm C05 em .  (157)

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

Table 15 — STAB3 Variables

Fortran Variable Description

A Azimuth of the target in the deck plane with zero measured error
AA True azimuth of target (a in Eqs. 153 and 154 )
AM Corrected azimuth measurement (between ir and 3ir )
AT Azimuth measurement (between 0 and 2ii ) (Cm in Eq. 153)
ATEMP Azimuth measurement (between ir and 3ir )
AZ Corrected azimuth measurement (between 0 and 2~r) (a~ in

Eq . 155)
CP Cosine of the pitch angle

• CR Cosine of the roll angle
E Elevation of the target in the deck plane with zero measurement

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

~~~~~

,

Table continues.
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Table 15 (Concluded) — STAB3 Variables

Fortran Variable Description

ELEV Corrected elevation measurement (e~ in Eq. 156)
ET Elevation measurement (em in Eq. 154)
K Number of detections per target
NDET (I) Number of detections of the ith target
NTARG Number of targets
PFAC Frequency of the pitch cycle
PHASE( 1) Phase angle of the roll (

~ R in Eq. 151)
PHASE(2) Phase angle of the pitch (4p in Eq. 152)
P1 3.1415926536, or -ir
P ITCH Pitch angle (P in Eq. 152)
PMAX Maximum pitch angle (

~ m in Eq. 152)
PPER Period of the pitch cycle (Tp in Eq. 152)
RADIAN 57.29578° , the number of degrees in a radian , or 180/u
RFAC Frequency of the roll cycle
RMAX Maximum roll angle (R m in Eq. 151)
ROLL Roll angle (R in Eq. 151)
RPER Period of the roll angle (TR in Eq. 151)
SHIP(5) Heading of the ship
SP Sine of the pitch angle
SR Sine of the roll angle
TE Tangent of the target elevation
TIME(I) Time when the ith target is detected
TRGPOS(I ,5) Azimuth of the target
TRGPOS(I ,6) Elevation of the target
TWOPI Two times 3.14 15926536 , or 271
X Trigonometric function of angles
Y Trigonometric function of angles

Subroutine VRCLT3

Subroutine VRCLT3 generates scan-to-scan independent clutter points in specified
areas and is called once per scan by the executive routine after FXCLT3 has been called.
The routine is initialized by calling the entry point VCINIT. The initialization section first
reads two parameters with a 218 format (Table 16):

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

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

FN — average number of detections in the clutter region ,
RS — initial range of the clutter region (kft) , . ‘- -

RF — final range of the clutter region (kft),

• - -
~~~~~~~~~~~~~~~

- • -
~~~
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THS --- initial azimuth of the clutter region (kft) ,
THF — final azimuth of the clutter region (kft),
ELS — initial elevation of the clutter region (kft) ,
ELF — final elevation of the clutter region (kft).

‘F he input parameters are converted to nautical miles and radians for internal use, and the
inverse of the density per unit azim u th F, is generated by

= (0 b’ - O~) / N~, (158)

where 
~~ 

and 0F are the initial and final azimuth boundaries of the ith clutter region and N~is the average number of detections in the ith region.

The detected clutter points are gener ated by calling VRCLT3 once per scan . The
clutter regions are processed one at a time. For each clutter region the azimuth interval ~~,
between detections is generated by i~~ = — F~ log U~, where U1 is a uniformly distributed
random number. If

~~ ~~~~
(0 i~’- 0 s) ~ (159)

i~~1

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

O= O, ~+~~~ ~~~~ 
(160)

R (K ~ 0.5)~~R , (161)

and

E = E s + ( E F - E s)W ,, (162)

where ~ R is the range-cell dimension , Eb. is the final elevation of the clutter region, Es ~S
the initial elevation of the clutter region, and

K integer ((R5 + (RF R5)V 1) / i ~R} ,  (163)

in which R.~ and R~ are the initial and final range boundaries of the ith clutter region and
V and W, are uniformly distributed random num bers . The associated detection time is

= 
~
‘0 + (~~T) Of 2 ir , (164)

where T0 is the time of the zero-bearing crossing and ~T is the scan period . The roll and
pitch angles at time t are -:-

roll = Rm Sin (2utITR + 
~ R )  (165)

72
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and

pitch = “m sin (27rtITp + 
~ p) ,  (166)

where R m and 1
~m 

are the maximum roll and pitch angles, TR and T~ are the corresponding
periods, and ~~ and cb~ are uniform phase angles between 0 and 2u.

On the other hand , if

~~~ ~~~>(Op- 0 s), (167)
j~ 

1

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

Table 16 — VRCLT3 Variables

Fortran Variable Description

A Azimuth of the detection (0 in Eq. 160)
AZOUT Azimuth of the detection (output) (0 in Eq. 160)
ELF Final elevation of the clutter region (EF in Eq. 162)
ELOUT Elevation of the detection (E in Eq. 162)
ELS Initial elevation of the clutter region (E5 in Eq. 162)
FLAM Inverse azimuth density of the clutter poin ts in the ith clutter region

(F, in Eq. 158)
FN Average number of detections in the region (I’J~ in Eq. 158)
IC Number of fixed clutter poin ts detected
IRAN Random-number counter
ISET Initialization number for the random-number generator
LV Total number of clutter detections (fixed plus variable)
K Range-cell number (K in Eqs. 161 and 163)
NREG Number of regions (maximum of five)
PFAC Frequency of the pitch cycle
PHASE ( 1) Phase angle of the roll (ØR in Eq. 165)
PHASE ( 2 ) Phase angle of the pitch (~p in Eq. 166)
PTOUT(I) Pitch angle at the time of the Ith detection
PMAX Maximum pitch angle (“m in Eq. 166)
RADIAN 57.29578° , the number of degrees in a radian , or 180/u
RAN Array of random numbers U. , V,, and W,
RC(19) Range-cell dimension (~~R in Eq. 161)
RES Range-cell dimension (L~R in Eq. 161)
RF Final range of the clutter region (R~ in Eq. 183)
RFAC Frequency of the roll cycle
RLOtJT(1) Roll angle at the time of the ith detection
RMAX Maximum roll angle (R m in Eq. 165)
RMODE( 1,5) Scan period (AT in Eq. 164)

Table continue.. . •  -
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Table 16 (Concluded) — VRCLT3 Variables

Fortran Variable Description

ROUT(I) Range of the ith detection (R in Eq. 161)
RS Initial range of the clutter region (.R~ in Eq. 163)
SOUT(1) Power of the ith detection
T Time of the zero-bearing crossing (T0 in Eq. 164)
THF Final azimuth of the clutter region (°F in Eq. 158)
THS Initial azimuth of the clutter region (O~ in Eq. 158)
TIMSCN Scan period (AT in Eq. 164)
TIMZB Time of the zero-bearing crossing (T0 in Eq. 164)
TOUT(I) Time of the ith detection
TWOPI Two times 3.1415926536 , or 2u

ROUTINES COMMON TO BOTH VERSIONS OF SURDET

Function BEAM

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

The function is called with four calling parameters (Table 17): ALPHA , BETA ,
GAMMA , and KEY 1. ALPHA is the angle between the pencil-beam boresigh t and the target ,
which in the orientation shown in Fig. 5 is positive clockwise (Fig. 5). For cosecan t- squared
beams ALPHA is measured from the center of the main beam. BETA is the 3.dB beam-
width. GAMMA is an indicator that specifies whether the beam-pattern factor is being
determined horizontally or vertically, and KEY 1 is also an indicator that identifies the beam
type.

RADAR HORIZON

(a) Pencil beam

RA DA R HORIZON

(b) Cosecant- uqua red beam

FIg. 5 — Beam pattern s
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Function SEAM uses a (sin x)/x curve to represent the horizontal and - - - -

patterns of the pencil beam and the horizontal beam pattern of the cose~
The vertical beam pattern of the cosecant-squared beam is modeled by a -

(sin x)/x representation and an extended fan above the main beam in - . I~~ 
-

gain will vary with elevation angle according to R2 /h2 , where I? is tl~~ - I ; ~~ ri - - -  ~~ th~
target and h is the height shown in Fig. 5h.

The first step in the calculation is to normalize the angle ~ ; that is , the bean i l ) at ~t ’r  k
assumed to be a ( sin ,<c~)/~a curve with a 3dB  beamwidth given by ~~ , so that the norm alizc d
angle 0 on a (sin x)/x curve that corresponds to Ct is

Ct, (1~~R)

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

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

, (sin O)2

unless 101< 10—6 or 10 1> ir , in which cases

f 1.0, 10 < 1(16 ( l 7 f l a )

and

f — f sL~ 0 l > i r , ( 170b)

where 1SL is the input sidelobe level.

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

( 171 )

The location of the point on the m ain beam at which the tangent to the bean-i is horizontal
determines the start of the cosecant-squared portion of the beam . If the main beam can he
represented by a (sin Icx)/,cx curve, this point is found as follows: A point on the curve with F
elevation angle ~ has a radius r or normalized power magnitude given by
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r (s~ .~o)2 (172)

where
2.78 

(173)

and

0 = ~~ - E .  (174)

Expressin g r in rectangular coordinates and differentiating with respect to x y ields

x + yy ’ sin p0 Icos p0 sin p01 r=2p i - i O  (17~ )r ~~ L P0 (p 0) 2J

where

0 = t a n~~ -
~~ (176 )

and

1 
~~~~~~~i. +y 2 1x2 \X x21

XY _ Y  
(177)

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

Sin pO
~ Icospo8 sin pO8] y

— 

~~~ p 08 LPO8 - 

~p0h) 2j r2

I

or

sin pOh rcos po8 sin p08lr — 2p 0 
- I tafl Øh , (178)

Ph  L Ph  (p0 8)
2

J

:r,, •~~.
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where çb8 is the elevation angle corresponding ~~ 0h. Substituting the expression for r from
Eq. 172 gives

O 1+2P (c otP 0h _ _
~_) tan Ø~. (179)

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

1 — P0 k
C0t p08 - —~~- ~~~ —

~~-- (180)

and

tan~~~~i Ø ~. (181)

This reduces Eq. 179 to

2p2 
~~ = 1  (182)

or, by substituting Eq. 174,

2p2
~~ (Ø~ - E ) = 3 , (183)

which can be rearranged into the quadratic form

Ø~~-~~ E -  _!-. = 0  (184)
2p2

with the root

E + ( E 2 + 6/p 2 ) 112 

(185)

By use of Eqs. 171 and 173 this can be expressed as a function of (3:

= ~ + (~!~ + 6(32 
~~ /21

[ \ (2.78) 2/ j
— = ~~ Ik + (k 2 + 3.1)1/2 1. (186)
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1 .~~~
- I ~- !I a1u~k -d beam-pattern factor (power) for the vertical pattern of the cosecant-

- a o  1 i~~- ai i i  lan now be determined according to the position of the target. If the target
is above c~’h~ 

the an tenna beam-pattern factor will vary with elevation according
th - - s~ n are of the cosecant:

K 
, (187)

csc2 
~

- • ~- is r&- aclil y found to be

K f ( c 68)c s c 2 
~~, (188)

•~ ‘->

csc2 
~~= f(~~

) . (189)

Table 17 — BEAM Variables

I ~~i i - t a i i  Variabl e L Description

\ I I ’lL\ Angle between the boresight and the target (rad ) (a in Eq. 168)
UETA The 3-dB beamwidth (rad) ( ( 3 m Eq. 168)
DBOOWN Fir~’-t-sidelobe power-level ratio
GAMMA Beam pattern indicator:

0 = pencil beam
1 = csc2 beam

110 t~’K Elevation angle at which the slope of the (sin px)/px beam pattern
equals zero (rad) (~~~ in Eq. 178)

K l-~ ~ i Beam-pattern-factor indicator:
0 horizontal
1=vert ical

PBBS The elevation of the boresight of the main-beam portion of the csc2
beam (rad) (E in Eq. .171)

lt~-I0 DF;(J ,2) tipper elevation u n i t  for mode J (rad ) (E~ in Fig. 5)
SINC Norm alized beam-pattern factor (power) ( f in Eqs. 169, 170, and

191)
THETA I Normalized angular position of the target (rad ) (0 in Eqs. 168, 174,

and 176)
IL i i~ - - The 3-dB beamwidth (rad) of the main-beam portion of the

cosequent-squared beam multiplied by a constant k that sets
‘L’HETBK equal to twice the elevation of the pencil- beam bore-

L~~
t__--_______

- , - - i ~ - - i t ion is less than or equal to ~~ ‘~ --~

-

- — -~~~~~~~~~ ___________  ~~~~~~ ~~~~~~~
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1(0) [sin P ( 0_ E ) 1 (190)
p( Ø - E)  j

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

({s
in /3[Ø ~ (k13,2)J},,/1310 - (k13/ 2) J)  

2 2 

(191a)

(1 2.78 csc 08 1 / 2.78 csc 
~~— H s i n  

~ / 
) ,

\1 (3108 - (k13/ 2) J  csc2 OJ/ (3[~~~ - (k(3/2)J csc2 0/ (191b)

= first sidelobe level, 0 > E~. (191c)

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

Subroutine CLTSIG

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

Values of 00 for various radio frequencies I, sea states J, and incidence angles K are
stored in two three~dimensional arrays: SIGOH(I ,J ,K) and SIGOV(I ,J,K), corresponding to
horizontal and vertical polarization respectively. These values are based on tables that were
present~ed in Ref. 4 and have been extended for greater utility. The values for the various
parameters are as follows .

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

I

, 
In its current configuration , subroutine CLTSIG considers only linearly polarized radars .

For a given set of parameters values of 00 are drawn from the SIGOH and SLGOV arrays by
a linear interpolation scheme. These values of the norm alized reflectivity are for horizontal -

and vertical polarization respectively. The normalized reflectivity for a given linear polariza-
tion angle O~ is

oo(O p ) = ( ( o oH cos Op ) 2 + ( o ov sin Op ) 2 1 1 12 . (192)

This value of 00 is returned to subroutine JAM , thereby completing the process.
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Table 18 — CLTSIG Variables

Fortran Variable Description

ANG Linear polarization (rad)
INDEX(I ,J) The INDEX (3,2) array identi fies the values in the XPAR array that

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

NDX (I) Parameter bookkeeping array :
NDX( 1) = number of radio frequencies 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 radio frequency if it is with-
in the boundary values 500 to 35 000 MHz; otherwise it is as-
signed the boundary value that is closest to the radio frequency

PAR(2) Similar to parameter 1 but for the Beaufort scale, with a range of
1 to 6

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

POLRZ Linear polarization (deg) (0° horizontal) (O~ in Eq. 192)
SIGN Normalizing factor applied to TEMP
SIGOH(U,K) Three-dimensional array relating normalized reflectivity to the

radio frequency (I), Beau fort scale (J ) , and incident angle (K)
for horizontal polarization (°OH in Eq. 192)

SIGOV(I ,J,K) Similar to SIGOH but the vertical polarization (°O~~ 
in Eq. 192)

SIGZ Normalized reflectivity (dB below a 1-rn 2 target cross section/rn 2 )
(a~ in Eq. 192)

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

TEMP Weighting function applied to the value of the normalized reflectiv-
ity at each vertex of a cube En the SIGOV or SIGOH matrix ; the
cube surrounds the point defined by PAR(J)

XANG Inciden t angle (tad)
XBEAU Beaufort scale
XFRE Radio frequency (MHz)

Subroutine ENVIRN

Subroutine ENVIRN is cal led once by the executive routine. It controls the input of
~~ 1 the four environmental parameters (Table 19): windspeed, height of the windspeed mess-

urement, multipath indicator, and rainfal l rate . The subroutine also determines the standard
deviation of the wave height by the method described below.

Burling (5J suggests that

H113 ~~~~ 
(193)
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where H1~3 is the significant wave heigh t and oh is the standard deviation. The sign i fican t
wave height is related to the windspeed at the sea surface V by

111/3 = 0.02667 V2, (194)

where V is in meters per second and 111,3 is in meters.

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

V10 VH ( 1 0/ H ) °°9682 , (195)

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

Oh = 0.00667 Vi1( H/ lOr °- ’9364 . (196)

Table 19 — ENVIRN Variables

Fortran Variable Description

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

1 = multipath
0 = no multipath

ENV IR(4) Rainfall rate (mm/ h)
SIGMAH Standard deviation of the wave heigh t (m)  (

~ h in Eqs. 193 and 196 )

Subroutine GAIN

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

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

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

~ 
The angle between the direct ray and

the reflected ray (Fig. 6) is then
~~ -.-

2R 2 sin 0 cos 0
sin c — 

R (197)
-‘U .
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TabLu 20— GAIN Variables

Fortran Variable Description

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

FH Horizontal beam-pattern factor (power) (fp,, in Eq. 198)
FHV(K) Pattern function ( total ) for target K
FV Vertical beam-pattern factor (power) (f

~~~ 
in Eq. 198)

GAIN R Ratio of the field strength in the direction of a specified ray to
the field strength in the beam-maximum direction (f ( ( 3 )  in
Eq. 199)

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

ITAR Target under consideration
JTAR Target under detection
OAH Horizontal angle between the boresigh t and the target ( rad )
OAV Vertical angle between the boresigh t and the target ( rail )
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 (dB)
SRTAR Slant range from the target to the reflection point (m) (R 2 in

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

TARGET TAR

P

RADAM
.1

0
p 1

4 h1

a a
£ -

Fig. 6 — Geometrical parameter. ~ 4
.
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This information is used to calculate the vertical angle between the horesight and
the target. For the cosecant-squared beam this amounts to the angu lar difference be-
tween the pencil-beam boresigh t and the target. For the pencil beam the vertical angle
between the target under detection (JTAR) and the target under consideration ( [TAR)
is determined . This information is used by function BEAM to calculate the vertical
beam-pattern factor f ~~,, wh ich is used in turn to calculate the total beam-pattern
factor from

‘~‘H
1

~ V 
(198)

and the field strength ratio from

f($ 3 ) = f l/2 (199)

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

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

Subroutine JAM

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

After initializing the required variables , the subroutine considers the jamming energy
transmitted from each jammer. For each jammer Ja  beam-pattern factor must be deter-
mined to account for the j ammer’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~/kxJ2 curv e both horizontally and vertically. in this case a check is mane to
determine whether the ja mmer is beyond the first null. A jammer that is not inside the first
nul l is assigned a corresponding beam-pattern factor that is equal to the sidelobe level. For
the j ammer whose angular position places it within the fi rst null , the function BEAM is
used to determine a horizontal (fH ) and vertical 

~
(v~ 

beam pattern factor. The total beam -
pattern factor for ja inmer J is then

fHV - fHfV~ 
(200)

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

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

GrLP Lm SJfHV X2
E0~~= , (201)

(4ir 2 )R 2
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where G,. is the one-way antenna gain , Lr is the receiving antenna loss, Lm is the mode-
dependent loss, ~~ is the jamm ing power density, X is the radar wavelength, and R is the
slant range from the radar to the target.

Subroutine MULPT H is called to account for multipath effects. It calculates a one-way
amplitude propagation factor F, which is used to determ ine the jam m ing energy from
jammer J as

E~~=E 0~F 2 . (202)

The total jamming energy is

N,,
Erj ~~ E~, ( 203 )

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

The total sea-clutter energy is determined when all jammer s have been considered. The
first step in the determination of sea-clutter energy is the computation of the normalized
mean backscatter 00. This is performed by subroutine CLTSIG , which evaluates Co as a
function of radio frequency , Beaufort sea state, incidence angle, and polarization orienta-
tion. The Beaufort sea state is calculated from the input wind velocity and the height at
which the velocity is assumed to be measured (4] .  An equivalent wind speed at a height of
10 m is found from

(7.5\ 0 09682
V10 = V~ . (204 )

The Beaufort sea state is

Bss 0.6077( V10)
07186 . (205)

The other parameters required by CLTSIG (radio frequency and incidence angle ) are inputs
to subroutine JAM.

When the normalized mean backscatter has been evaluated , a differential clutter ele-
ment of area rdØdr is considered (Fig. 7). The energy received (dE ) from this element is

G2
dE = C — rdØdr , (206)

r4

where

PTX
2LrLtLm OO . -

C (207 )
4,r3 s 

~~~~~ 
-
~~~
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CLUTT ER ~~~~“ I
Fig. 7 — Differential clutter element

A I
a 14/3 EARTH S RADIUS~

Fig . 8 — Geometry of a clutt.r element

and G, the antenna directional gain , is a function of the horizontal and vertical angular dis-
placement of the clutter cell with respect to the beam center:

G = G ( O T -+a,~~). ( 208)

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

fliT - h r R ’O T
~~

Sin ’ 
~¼ R 

- (209)

a is the angle between the local horizontal and the reflected ray, given to a first-order
approximation by

fh , R\
a~~ sin 1

~~~ - , (210)

• and 0 is the azimuth of the clutter element with respect to the beam center. - ..
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G
LUUEA ANNULUS

Fig. 9 — Annu lus of total sea clutter

The total sea-clutter energy is now considered to be the energy that is reflected from
an annulus of width z?iR (Fig. 9) given by

cr sec 4i , (211)

where r is the pulse width and ~~ 
is the grazing angle . The total sea-clutter energy is

g.2w ,.min (sf ~~J , R+ .~ R)  I G~9 ~~ i 2
E = C  I I I ~~~~~~~ drd4 , (212)

“0 ‘min(sf~~J~,R)

where 0 = + a, or

o = o~ + sin~~ (~ 
- , (213)

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

Equation 212 can be rewritten in a simplified form through the use of a unit gate func-
tion U,(R 1, R 2):

r 2e r0 G2
E = C  J J — Ur (R i, R 2)d Td O,  (214)

0 0

where

= min(R ,~J~~1~) (215) ~~~
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and

= min (R + ~ R ,~/ ~ä ii). (216)

Essentially this procedure restricts consideration of the sea-clutter return to that from
within the horizon range ; that is, if the target range is greater than the horizon range, there
is no clutter return. The sea-clutter return is now considered as coming from two distinct
areas : the surface area that is within the 3-dB beam width and the area of the annulus that
is outside the 3-dB bearnwidth . The return from the area within the 3-dB beamwidth can
now be expressed as

(21r 1 / 0B OB\ / ~t ’B ~B\
E 1 = J j  U0~

_ 
~~ - -~-)

LT .~~
_ -~~ - . ~i) U r (R i~ R 2 ) drd& (217)

where Ø~ and ~~ represent the horizontal and vertical 3-dB beamwidths respectively and G
has been assigned the value of unity (correspondin g to the beam center).

Equation 217 can be simplified by carry ing out the integration on ~ :

= 1 h” 0 B o~\
E 1 C~

IB f — u~, ~~
_ -~~ - , ~~) U r (R i~ R 2) d r .  (218)

~ r

From Eq. 213 it is possible to express r as a function of (1:

r( (J ) 2h 
. (219)

sin (0 — 0r)  + ( sin2 (0 — — (2 h / a ) ]  1/2

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

1 1/ °B\ IOB\l
= CØ,,~ - j  — Ur Lr t~_ -

~~~~~ 

, r (~-~-)j Ur(Ri , R 2 ) dr

= C ~~ f ~ Ur {max [R i~ r( . 

~
)] i min [R 2~ r ( ~~)] } 

dr. (220)

The notation can be simplified with the definitions

[ / O ~\~S1 ~~max [R i~~r~— j -)J (221a)

and - 
-

I (°~\1S2~~ min [R 2~ r~~1)j , (22 1b)
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so that Eq. 220 can be written as

E1 = COB f ~ Ur (S i, 52) d r .  (222)

Integration of Eq. 222 yields

E1 = ~~~~~ 
(~ - -!~-~~. (223)
\S~ S~)

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

E2 = CSI ir (—~ ~~ ..~
‘\ - H] ,  (224)

[\R~ R~) j
where S represents a constant value assigned to the antenna directional gain (usually the
sidelobe level) and

H =  
~~ 0B (_~ 

- 42) .  
(225)

The total sea-clutter energy can now be expressed as

E = E i +E 2 = C[ 5ir ( 4 2 _ _~) _ H ( S _ 1 ) ] . (226)

‘vhich is then reduced by the input sea-clutter improvement factor I~:

E~
=EI

~
. (227)

Table 21 — JAM Variables

Fortran Variable Description

ALPHA Grazing angle of the clutter cell (rad) (a in Fig. 8)
ALPHAD Grazing angle of the clutter cell (deg) (a in Fig. 8)
ACON Constant used in the sea-state calculation
BEAUS Beaufort sea state
BETA Constant used in the sea-state calculation
DBDOWN One-way sidelobe level - - -

DC Distance to the clutter cell (on a 4/3 earth ’s radius) (m) . -
DSTAR Distance to the radar horizon (n.mi.)
DWL(K) Incremental change to the radio frequency for mode K - • ~~

Table continuss . ~~~~ - .~: -
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Table 21 (Continued) — JAM Variables

Fortran Variable Description

EC Total sea-clutter energy adjusted by the improvement factor ( J )  (E~in Eq. 227)
EJ Total jamming energy (J) (E~ j  in Eq. 203)
ENVIR(1) Wmdspeed (knots)
ENVIR(2) Height of the wind-speed measurement (kft) (VH in Eq. 204 )
FH Normalized horizontal beam pattern factor (power) ((H in

Eq. 200)
FHV(J) Total normalized beam-pattern factor for jammer J (power)

( fH v  in Eq. 200)
FOPISQ Four times the square of 3.1415926536 , or 4112

FV Normalized vertical beam pattern factor (power) (Iv in Eq. 200)
HR Height of the radar (m) (h , in Fig. 8 and Eqs. 209 and 210)
HT Height of target JTAR (m) (hr in Fig. 8 and Eq. 209)
JTAR Target under detection
NUMTGT Total number of targets and jammers (N~ in Eq. 203)
OAH Horizontal angle between target JTAR and the jamming target

( rad )
OAV Vertical angle between JTAR and the jamming target ( rad )
PBBS Pencil-beam boresight elevation with respect to the horizon ( rad)
PHIB Horizontal 3-dB beamwidth (rad) (Ø~ in Eq. 217)
PJ Jamming power density (W/Hz) (S~ in Eq. 201)
POLRZ Linear polarization (deg)
Ri min(slant range, horizontal range) (R 1 in Eqs. 214 and 215)
R2 max(slant range plus pulse width , horizontal range) (R 2 in Eqs.

214 and 218)
RC( 1) Basic radar frequency (MHz)
RC(2) Indicator of the antenna-pattern function :

0 = pencil beam
1 = csc2 beam

RC(4) Horizon tal 3-dB beainwidth (rad ) (ØB in Eq. 217)
RC(5) Vertical 3-dB beamwidth (rad) (O~ in Eq. 217)
RC(6) One-way antenna gain (dB) (G in Eq. 201)
RC(8) Receiver antenna loss (dB) (Lr in Eq. 201)
RC(9) Losses between the transmitter output and free space (dB) (L~ inEq. 201)
RPTB Range corresponding toO~ /2 (m), or r (OB/ 2)

- ‘  RE 4/3 of the earth’s radius (m) (a)
RMODE(K ,2) Upper boundary of elevation-angle coverage (rad) for mode K
RMODE(K ,8) Mode-dependent losses for scan mode K (Lm )
RMTB Range corresponding tO - °B ’2 (m ), or r (- 0B /2)

- - SIGC Total sea-clutter energy adjusted by the improvement factor (J )  (E~in Eq. 227 )
SIGJAM Jamming power density (W/Hz) (S1 in Eq. 201)
SIGZ Normalized mean hackscatter (m 2 1m 2 ) 

~~~ 
in Eq. 207 )

V SINALF Sine of the grszing angle at the clutter cefl , or sin a (E q. 210)
Tabi. ennt anu,s
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Table 21 (Concluded) — JAM Variables

Fortran Variable Description

SR Slant range of target JTAR (m) (R in Eq. 201)
SUBC(K ) Clutter improvement factor for mode K (1

~ 
in Eq. 227)

TEMPWR Signal energy with the target at the center of the beam
THETB Vertical 3-dB beamwidth (rad) (0B in Eq. 217)
THETT Target elevation with respect to the local horizontal (rad ) (0 T in

Eq. 209)
TRGPOS(J ,3) Height ofjammerJ(n.mL)
TR.GPOS(J ,4) Slant range of jammer J (n.mi.)
TRGPOS(J ,5) Azimuth angle of jammer J (rad)
TRGPOS(J ,6) Elevation angle of jammer J (rad)
V Range extent of the clutter cell (m) (~~R in Eq. 211)
WVL Wavelength (m) (A in Eq. 201)
WS Intermediate parameter (H in Eq. 225)
XFRE Radio frequency of the scan mode under consideration (MHz)
XJAMFA Jamming energy from the jth j ammer (J) (E~ in Eq. 202)
XJAMN Total jamming energy (J)

Subtoutine MATCH

Subroutine MATCH is called once by the executive routine. For each target defined
the subroutine calculates the time at which each radar scan mode first scans the target once
it has come within the radar mode’s instrumented range RMODE(J ,7) (Table 22). These
times are then considered by the executive routine when it determines the time at which to
initialize the radar.

For a target of type 0, which is a target that traverses a straight-line path , the com-
ponents of vectors A and B (Fig. 10) are first calculated from the input initial and final
positions of the target and the position coordinates of the ship. The distance d is then
calculated according to

p 
d2 = ~—.!f - (A 2 

- RL), (228)

where R.~ is the radar ’s instrumented range. The ratio x/IB I , defmed as

distance from the initial point to a range of R~~
— (229)
IBI distance from the initial point to the final point

is given by

x 
~~~~!(~ L.! ,d\

S S i\ S  I
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TARGET S INITIAL POSITION

A n~,, 
~

/

I
4

SH IP

B

TARGET S FINAL POSITION

Fig. 10— Target-and-shi p geometry

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

= t .  + j~ 
(t
, 

— t •) , (231)

where t . and t~ represent respectively the initial and fmal times of the target’s trajectory.

The starting time t.(J) for mode J with respect to target I is defmed as the initial tar-
get time plus the mode offset time if the radar is initially scanning in mode 1 and pointing
at the target.

The quantity

I tR — 
t,(J)]

N(J) = integer par t 
~ ~ t(J) 

(232)

where ~t(J) is the interlook period for mode J, represents the number of scans made by
mode J during the time interval in which the target is covering the distance from its initial
point to a range of R~~. The time at which mode J first scans target I alter it has come
within the radar’s instrumented range can now be determined as

t~~~(J)= t (J)+ IN(J)+ 1)At(J). 
(233)

For a target of type 1, which traverses a pwcewise linear trajectory c onsisting of frt~n~
two to four altitude lee, the calculations are peifonn~d for earti leg in s~~-~ .~aai ’n uuUl at
init ial scw~ time is determined for each radar uc ai mode

—
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In the case of a target of type 2, which traverses a constant-altitude trajectory consist-
mg of a straight-line segment, a maneuver (turn), and another straight-line segment, the
linear flight leg defined by the target’s starting point and the point at which the target’s
maneuver begins is used to determine initial scan times for each radar mode as above. If the
target is never within a radar mode ’s instrumented range prior to its maneuver, then the
initial scan time for th at mode is set to correspond to the projected last scan preceding the
start of the maneuver.

If a nonmaneuvering target fails to enter a radar scan mode’s instrumented range during
the course of its trajectory , the initial scan time for that mode and target is set to a large
default value. The target is thereby removed from further consideration by that radar mode.

Table 22 — MATCH Variables

Fortran Variable Description

A(K) The kth component of the vector A (n.mi.)
ADOTB Dot product of vectors A and B (A B in Eqs. 228 and 230)
ADOTB2 Dot product squared: ( A •  8)2
AMAG2 Magnitude of A squared ( 1A 12 , or A2 , in Eq. 228)
B(K) The kth component of the vector B (n.mi.)
BMAG2 Magnitude of B squared , or 1B 12
DISC Quantity used in simplifying the calculations: B2d2
ISTAT(I) Status indicator for target I at the current time T:

0 = inactive
1 active

ITYPE(I) Target type for target I
NSCAN Number of scan modes
NTARG Number of targets
RMODE(J ,5) Interlook period for mode J (h) (1~t ( J )  in Eqs. 232 and 233)
RMODE(J ,6) Time offset for mode J (h)
RMODE(J ,7) Instrumented range for mode J (n.mi.) (R~~ in Eq. 228)
RMODE(J ,9) The earliest time at which mode J first scans any target Within the

instrumented range
SHIP(K) Position coordinates of the ship (n.mi.)
TALT(I ,L) Altitude of the trajecto of a type-i target I on leg L (n.mi.)
TERM Square root of DISC: B d FBd I
TMANI(I) Time a type-2 target I begins its maneuver (h)
TSCAN(I ,J) Time at which mode J first scans target I after it has come within

the instrumented range (h) (t,~~ ( J)  in Eq. 233)
UMINUS Ratio used to calculate XSCAN ( x / j B l  in Eq. 231)
XN The num ber of scans made by mode J while the target is going

from its initial point to the instrumented range ( N ( J )  in
Eq. 232)

XYZF(I ,K) Fin al position coordinates of target I (n.mi.)
XYZI(I ,K) Initial position coordinates of target I (n.mi.)
XSCAN Target travel tune from its initial position to the radar mode ’s

instructed range (t R in Eq. 231)
..-~
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Once an initial scan time TSCAN(I ,J) for each target I and radar mode J has been
calculated , the earliest time each mode J sees any target is determined :

RMODE(J ,9) min[TSCAN(I ,J), I 1, ..., NTARG] , (234)

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

Subroutine MULPTH

Subroutine MULPT H is called by subroutines SIGNAL and JAM . Its purpose is to
calculate the pattern-propagation factor FAC for a specified target ITAR , while the radar is
scanning target JTAR (Table 24).

For computational purposes the atmosphere is divided into three regions: the inter-
ference region, the intermediate region , and the diffraction region (Fig. 11). The propaga-
tion factor is determ ined for targets only above the horizon , that is, in the interference
region and in part of the intermediate region. This can be readily accomplished for targets in
the interference region and diffrac tion regions, but there are no numerical methods that are
easily applicable to field-strength determination in the intermediate region. Consequently
the pattern-propagation factor for targets in the intermediate region is found by interpolat-
ing between the interference region and the diffraction region. In other words, the field
strength is determined for points in the interference and diffraction regions at the altitude
of the target under consideration , and this information is then used to determine the field
strength in the intermediate region by a curve-fitting process.

INTERFERENCE
REGION

TANGENT RAY

Fig. 11 — Interference , intermediate , and diffraction region s
d

The initial step in the calculation, which is carried out for each new frequency mode, is
the determination of the complex dielectric constant

= - i6OXa (235)

where e~ is the ordinary dielectric constant, X is the wavelength, and a is the conductivity. 3
Values of e~ and a as a function of frequency are given in Refs. 6 and 7. The values used in ~,

.

MULPT H are given in Table 23. Linear interpolation is used for intermediate values.
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Table 23 — Values of the Frequency , Dielectric Constant,
and Conductivity Used in MULPTH

f(MHz) 
________________________E o (mhos/m)

<1500 80 4.3
1500 to 3000 80- [0.00733 (f -  1500)] 4.3 + [0.00148 (f -  1500))
3000 to 10000 69 - [0.0005714 (f - 3000)] 6.52 + 10.001354 (1- 3000)]

The next step in the calculation is the determination of factors that will be used in
calculating the value of the pattern-propagation factor for a target in the diffraction region.
The propagation factor in the diffraction region is [71

F= 2~/~~~e~~1
X
IUi (Z1)U1(Z~~, (236)

where X is the target ground range in natural units,

x= , (237)

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

L = 2 ( — J  , (238)
\ g2 /

with a being the earth’s effective radius and k0 being the radar wavenumber k = 2ir/X multi-
plied by the index of refrac tion n0 at the earth’s surface. In Eq. 236 U1 and If2 are calcu-
lated by subroutine UFUN. Only the factors that are ta rget independent, namely, C1 and
U1 (Zr ) ,  are calculated on the initial pass for a new frequency mode. The term C1 is the
imaginary part of the parameter ~~ , which is used also in evaluating U1 (Z1) in subroutine
UFUN. The parameter A 1 is [7] $

A 1 = 2.3381 e2’~
3 + i)— (239)

where H is the natural unit of height,
I ‘t - l / 3/
I 0

H— t—— , (240)
‘a

and

H P~.Ik o(e~ _ 1) hI2 (cos O+ ~ i0) ,  (241)

in which 0 is the linear polarization
;~-.r~

- 
~~~~~~~~~~
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The location of the reflection point and the determination of the grazing angle is the
next step in the calculation. The ground range of the reflection point r1 is a function of
target height h2, antenna height h 1, and target ground range r (Fig. 6). This relationship is

2r~ - 3rr~ + [r
2 

- 2a (H 1 + H2)]r 1 + 2aH 1r = 0, (242)

where

I h \
~~~~~~~~~~~~~~ i = 1, 2. (243)

Equation 242 has the solution

r1 =- ~- + s n ( H i _ J i2)P cos
(

~~~!)i (244)

where

1/2

P={4[a(H l +H2)+(L)
]
~ (245)

and

(2arIHi -H2 1\
(246)

\ P3 I

The grazing angle ~j i is then found from the approximation

h11 h1\ r 1
tan~ i~~~~~~( 1- J- . (247)

r1 \  a, 2a $

If the grazing angle is found to be less than or equal to 0, the pattern-propagation factor is
set to 1 X 10-20 , and control of the program is returned to the calling subroutine. If 

~ 
is

greater than 0, the divergence factor D and the path-length difference ~ R are calculated
according to

~

nd 

D = 

h~ + h
2) 

[

~~~ 1 + 2) 2as~~ 
+2 ~~ R2] (~ )i2 (248)

(R1 +R2)G 
>~~~ - -

AR = - , (249) ‘.‘- ‘—
~

1 +(1_G)U2

-

~~~~ 

~~~~~
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where

= 

~~ 
R~ R 2 (250)

and R 1 and R 2 are slant ranges from the antenna and target respectively to the reflection
point.

Equation 248 is a simplified version of Eq. 16 in Ref. 7, and Eq. 249 is readily derived
from basic trigonometric relationships.

The path-length difference is now compared to X/4 , since this is the generally accepted
limit of validity for the analytical method applied to the interference region. If ~ R < X/4 ,
the target is assumed to be in the intermediate region, and the preliminary step in the inter-
polation process is carried out. This consists of finding the location of a point that has the
altitude of the target under consideration but with a path-length difference of X/4. The
method used will be discussed in the subsection on subroutine RNGCEN. This information
is used in the interpolation scheme for determining the pattern-propagation factor in the
intermediate region.

The next step in the calculation is the computation of the complex reflection coeffi-
cient. The reflection coefficient is related to the linear polarization, and the equations for
the horizontal polarization and vertical polarization reflection coefficients are

e sin ~tI — (
~ — C05

2 1Jj )1/2
= 

~~~~~~~~ 
= 

C 
(251a)

~ 
sin ~ji + (~~ — cos2 ~,) 1/2

and

sin ~i — ( ~ — cog2 iji ) 1”2
= ph e

~~~ 
= , (251b)

sin I,~l + (e~ — cos2 ~~~~1/2

where p
~ 

and Ph are the intrin sic reflection coefficients and Ø~, and 
~h are the phase changes

for seawater. For other than vertical or horizontal polarization the reflection coefficient is
the vector sum of the horizontal and vertical components:

[ ‘ p0e ’~’ = L( 1h cos0)2 +~r0 sin g)2
J

h / 2 ~ (252)

The two remaining parameters that contribute to the pattern-propagation factor are
the roughness factor and the directional field-strength ratio. The roughness factor is [61

‘I r5 e_ 2t (2~~~~~~)1X 12 . (253)

— 
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Equation 253 was developed under the assumption that the sea surface has a Gaussian
height distribution with standard deviation H8. For a sea surface with approximately
sinusoidal waves and amplitude a ,

- (254)

The field-strength ratios f(O i) and 1(02) for the direct and reflected rays are computed
in subroutine GAIN.

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

f (0 2)  ftF = 1 + —i—— p 0Dr9e ” O’~ ~~~ (255)
f( i)

The point in question will be the target position if the target is in the interference region or
the point corresponding to a path-length difference of X/4 if the target is above the horizon
and in the intermediate region.

For targets in the interference region the calculation is now complete, and control of .
the program is returned to the calling routine.

For targets in the intermediate region additional computation is required. The pattern-
propagation factor must be found for a point in the diffraction region that will be used as
the lower bound in the interpolation. A point that is twice the horizon distance from the
antenna is chosen as being representative of the diffraction region. Subroutine UFUN is
now called to determine the value of the parameter U1 (Z 2) for this point , and the pattern-
propagation factor is calculated according to Eq. 236. The upper bound for the interpola-
tion is the value of the pattern-propagation factor th at was calculated from the point with
a path-length difference of X/4 (Eq. 255). The lower and upper bound values of the pattern -
propagation factor are presented to subroutine INTER , which carries out the interpolation
to determine the pattern-propagation factor at the target. This completes the calculation ,
and control of the program is returned to the calling routine.

Table 24 — MULPTH Variables

Fortran Variable Description

CA Function of the complex dielectri c constant and polarization used
in subroutine UFUN (A 1 in Eq. 239)

CGAM Reflection coefficient (I’ in Eq. 252)
CGAMH Horizontal polarization reflection coefficient (“ h in Eq. 251b)
CGAMV Vertical polarization reflection coefficient (F’~, in Eq. 251a)
CTEMY Complex dielectric coefficient (e

~ 
in Eq. 235)

Table continu es.
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Table 24 (Concluded) — MULPTLI Variables

Fortran Variable Description

CU1 Parameter (calculated in subroutine UFUN ) used in evaluating F
(U 1(Z 1) in Eq. 236)

DISP Divergence factor (D in Eq. 248)
EPSI Ordinary dielectric constant (e1 in Eq. 235)
FAC Pattern-propagation factor (F in Eq. 236 )
FAC1 Pattern-propagation factor (F in Eq. 236)
GD Field-strength ratio for the direct ray (f( 0 1 ) in Eq. 255)
GRRAD Ground range from the radar to the reflection point (in) (r1 in

Eq. 242)
GRRT Ground range to target (m) (r in Eq. 242)
GRTAR Ground ran ge from the target to the reflection point (m) (r2 in

Fig. 6)
GV Field-strength ratio for the reflected ray (1(02) in Eq. 255)
H Natural unit of heigh t (H in Eq. 240)
HR Height of the an tenna (m) (h 1 in Eq. 243)
UT Heigh t of the target (m) (h 2 in Eq. 243)
ITAR Target under consideration
ISWIT Mode indicator:

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

JTAR Target currently being scanned by the radar
L Natural unit of length (L in Eq. 238)
PHIREF Reflection-coefficient phase angle (rad) (~ in Eqs. 244 and 246)
POLRZ Linear polarization (deg) (0° = horizontal and 90° = vertical )

(0 in Eqs. 241 and 252)
PTHDIF Path-length difference (m) (z~R in Eq. 249)
RE 4/3 of the earth ’s radius , or a (m)
RHOREF Intrinsic reflection coefficient (p~ in Eq. 252)
SIG1 Conductivity (mhos/m) (a in Eq. 235)
SRRAD Slant ran ge from the radar to the reflection point (m) (R 1 in

Eqs. 248, 249 , and 250)
SRTAR Slant range from the target to the reflection point (m) (R 2 in

Eqs. 248, 249 , and 250)
TANPSI Tangent of the grazing angle (tan ~i in Eq. 247)
WVL Wavelength A (m)
XFRE Frequency of the next mode to be considered (MHz)
XIMCA Imaginary part of CA
XKPAR Wavenumber k = 2ir/X
XKZERO Product kn0 of the radar wavenumber and the index of refraction

at the earth ’s surface (k0 in Eqs. 238, 240, and 241)
XMUR Roughness fac tor (r5 in Eqs. 253 and 255)
XNAT Ground rang&~ to the target in natural units (X in Eq. 237)
XNAT1 Range corresponding to i~R = A/4 in natural units
XNAT2 Twice the horizon range in natural units , or 2rH / L
XNZERO Index of refraction of the earth ’s surface (n 0 in text after

Eq. 238)
Zi Antenna height in natural units (Z ~ in Eq. 236)
Z2 Targe t height in natural units (Z 2 in Eq. 236)
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Subroutine NEWPOS

Subroutine NEWPOS is called by the executive routine to calculate the position of all
targets and jammers for game time T. It is assumed that the radar beam is positioned at 0
degrees azimuth at time T. The position and azimuth (relative to 0 degrees) of each target is
first determined at time T. Then a corrected position for each target is calculated , corre-
sponding to its location at time T + dT, where dT is the time it takes the radar to scan the
azimuth angle of the target.

For each target or j ammer J , the target status at game time T is determined. If

T t1, (256 )

where T is the current game time , t • is the time target J leaves its initial position , and t~, is
the time target J arrives at its final position , then the target is active and the target-status
indicator ISTAT(J) is set to 1 (Table 25). Otherwise , JSTA’I’(J) is set to 0 to indicate an
inactive target , and the subroutine proceeds to the next target.

If target J is of type 0, with a straight-line trajectory , or of ~ from two to
four altitude legs, the subroutine first determines the ratio of the ela1. to the total
target time according to

T-t i
— . (257)
t i — t i

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

x 7. = + M’(x1 - x1),  (258)

= y, + M’(y1 - y1), (259)

and , for target type 0,

ZT
_ Z i + LYl(Zf

_ Z j ) ,  (260)

where (x,, y,, z )  and (x,, y1, z~) are the initial and final position coordinates respectively for
target J.

If target j i~ of type 1 let k be the kth altitude point, so that

t0(k — 1 )  < T< t0(k), (261)

where 10(k) is the time when target J reaches the kth altitude point and where

t~(1) 
= t~ 

(262)

and
ç(N)  t1, (263)
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with N being the number of altitude points (NALT + 2), where NALT is defined for target J
in subroutine TARGET. If ~ T is redefined so that

T t a(k 1)
t0(k) t0(k 1) , (264)

the z coordinate for target J of type 1 at time T is

ZT Za (k - 1)+ AT[Za ( k ) _ Z a (k - 1)], (265)

where Za (k) is the designated altitude of target J at node k at time t(k) . The z component
z~, and the magnitude d~ of the direction vector for target J originally calculated in subroutine
MATCH are also updated:

z~~~ zr z0(k 1) ( 266)

and

d x ~ +y ~ +z~. (267)

If target j is of type 2, a maneuvering target, then if

T~~ tm ,  (268)

where tm is the time when target J begins its maneuver (constant-altitude turn), the target
is on a linear path segment and the distance traveled by tUne T is

d = u ( T — t 1), (269)

so that

x~. = + d cos (0 k ) (270)

and

YT = Y + d sin (O s), (271)

where u is the speed of target J and 0, is the initial heading of target J. Similarly, if

(272)

where t,~ is the time when target J terminates its maneuver, the target is on its final linear
leg and the distance traveled on this leg by time T is

d u(T—t~), (273)
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so that

= + d cos 0, (274)

and

yT —y fl +d5ir~
Of, (275)

where (x~, y
~

) are the coordinates of the point where target J terminates its maneuver and
0,. is its fmal heading. If

tm <T’~~t~, (276)

then the target is performing its maneuver, so that if

L
~
. = U(T tm)/rm (277)

and

= 0. + TURN(~ - ir/2), (278)

then

XT x~ + rm COS Q~, (279)

Yr = 
~~ 

+ r~ sin ~~~, (280)

and

ZT ZI, (281)

where rm is the radius of the maneuver circle for target J, TURN is the maneuver direction
indicator (1 for counterclockwise and -1 for clockwise), and x~, and Y~ are the x and y
coordinates of the center of the maneuver circle for targetj . The components of the target
direction vector are also corrected to

= cos (~~ 
+ TURNii/2) , (282)

= sin (0 + TURNir/2), (283 )
I

and

d~~~x~ +y ~, (284 )

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

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

dxi,. = X T Xr , (285) . . - :‘
~~:

-~1 .
~“. -

‘
~~~~~~~~~~~
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dY~~~
y
~~_ y r , (286)

and

dzr =z r_ z r, (287)
where (x,, y,., Zr) is the stationary position of the radar . The target azimuth 0 is

0 = tan~~ (dyr/d xr). ( 288)
Once the target azimuth at time T has been computed for target J, the corrected targetpositions (XT+dT, ~r+dT’ ZT+dT) and (dxT+dT, dyT+dT, dzr+dT) with respect to thedesj gnatrd origin and the radar respectively and a corrected azimuth 0r+dT are obtained byrepeating the preceding sequences of calculations with time T replaced by T + dT , where

dT 
~
0T’2~

, (289)
in which 8 ~S the radar scan period and °T is the target-/ azimuth at game time T.

The elevation c~ of target J with respect to the horizon is determined from approxima-tions made to the geometry of Fig. 12. The distance D can he found from

D (d4+dT + d4+dT ) ’/ 2 . (290)
This can be approximated by

D = (2a0h 1 ) i/2 + (2a oh~) ”2 , (291)
where 00 is 4/3 of the earth ’s radius. Equation 291 can now be solved for h 1 to yield

h1 ={
~ 

(ha)1~12J2 , (292)

where h 1 is in nautical miles. If it is assumed that triangle ABT is a righ t triangle, then

hr _ h 1t a n a =

hr (D~~2 h~~
2 \2

- ~ ~~~~ -~~ - - (293)

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

ANTENNA
C, 0

Fig. 12 — Geometry of target elevation

Table 25 — NEWPOS Variables

Fortran Variable Description

ALT(J ,I) Altitude of profile node I of target J with ITYPE 1 (n.mi .)
BPRIME Tangent of the elevation of target J measured from the horizon ( tan Cr

in Eq. 295)
CM(J ,1) Position coord inate x of the center of the maneuver circle for target

J with ITYPE(J) = 2 (n.mi.) (x~ in Eq. 279)
CM(J ,2) Position coord inate y of the center of the maneuver circle for target

J with I T Y P E ( J )  = 2 (n.mi.) (y
~ 

in Eq. 280)
I) Ground range from the radar to target J at time T + dT (n.mi.) (D in

Eqs. 292 th rough 295)
DEL( 1) Coordinate x of target J with respect to the radar at time T and

then corrected to time T + dT (n.mi.) (dx r in Eq. 285 and
dxT+d7. in Eq. 290)

DEL(2) Coordinate y of target J with respect to the radar at time T and
then corrected to time T 4- dT (n.mi.) (dyr in Eq. 286 and
dyr+dr in Eq. 290)

DEL(3) coordinate z of target J with respect to the radar at times T and
then corrected to time T + dT (n.mi.) (dzr in Eq. 287 and
dz r +dr)

DELT Distance targetJhas traveled on the current segment of the profile
with ITYPE(J) 2 (n.mi.) (d in Eqs. 269 and 273) 

_______

Tabk con ti nuea. ~~
-
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Table 25 (Continues) — NEWPOS Variables

Fortran Variable Description

DOTP Normalized dot p~oduct of the vectors defined by VEL and DEL
(cosine of the angle between the vectors)

DSTAR Distance from the radar to the horizon (n.mi.)
DT Ratio of the elapsed time in fligh t to the total flight time for target J

(~~Tin Eq. 257)
DX Coordinate x of target J with respect to the radar at time T and

then corrected to time T + dT (n.mi.) (dx r in Eq. 285 and
dxT4.dr in E q. 290)

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

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

IIEADF(J) Final heading of target J with I TYPE(J) 2 (O f in Eqs. 274 and 275)
HEADI(J) Initial heading of target J with ITYPE(J) 2 (O~ in Eqs. 270 and 271)
IFLAG Flag to indicate if calculations are being performed with respect to

T(IFLAG ” 1) o rT+dT( I FLAG 2)
ISTAT(J) Status indicator for target J:

0 = inactive
1 = active

ITYPE(J) Type of target profile for target J:
0 = straight- line trajectory
1 = altitude legs
2 = maneuver

NALT(J) Number of altitude nodes for target J with ITYPE(J) = 1
NUMTGT Total number of targets plus jammers
PIOVR2 One half of 3.14 15926536 , or ir/2
RADM(J ) Radius of the circle of maneuver by target J with ITYPE(J) = 2

(n .mi.) (rm in Eqs. 276 , 279, and 280)
SHIP( 1) Coordinate x of the radar position (n.mi.) (Xr in Eq. 285)
SUIP(2) Coordinate y of the radar position (n.mi.) (Yr in Eq. 286)
SHIP(3) Radar antenna heigh t (n.mi.) (h a in Eqs. 291 through 293)
S1-1tI’(4) Square root of the antenna height ((n.mi.) 1/2 ) (h 4~ in Eqs. 291

through 293)
SPEED(J) Speed of target J with ITYPE(J) = 2 (n.mi./h ) (v in Eqs. 269 and

273)
T Current game time (h) (T in Eq. 256)
TALT(J ,1) Time when targetJ arrives at altitude node I with ITYPE(S)) = 1 (h)

(t a (b)  in E q. 261)
TIME3(J) Time when the radar scans target J (s) (T + dr in sentence containing

Eq. 289)
TMANF (J) Time when target J with ITYPE(J) = 2 terminates its maneuver (t~

in Eq. 272)

Table continues.
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Table 25 (Concluded) — NEWPOS Variables

Fortran Variable Description

TMANI(J) Time when target J with ITYPE(J) 2 begins its maneuver (t m 1fl
Eq. 268)

TRGPOS(J ,1) Coordinate x of target J at time T and then corrected to time T + dT
(n.mi.) (x T in Eq. 258 and X T+dT)

TRGPOS(J ,2) Coordinate y of target J at time T and then corrected to time T + dT
(n.mi.) (Yr in Eq. 259 and YT+dT)

TRGPOS(J ,3) Coordinate z of target J at time T and then corrected to time T + dT
(n.mi.) (ZT in Eqs. 260, 265, and 281 and ZT+dT)

TRGPOS(J ,4) Slant range R to target J (n.mi.)
TRGPOS(J ,5) Azimuth of target J at time T and then corrected to time T + dT

( rad) (0 T in Eq. 289 and 0T+dT)
TRGPOS(J ,6) Elevation of target J measured from the horizon (rad) (a in Eq. 293)
TRGPOS(J ,7) Ground range from the radar to target J (n.mi.) (D in Eq. 293)
TT Times T and T + dT when position calculations are being performed,

depending on the value of IFLAC
TURN(J) Indicator for the target-J maneuver with ITYPE(J) = 2:

1 = counterclockwise
—1 = clockwise

VEL(J ,1) Target-J direction-vector x component (x
~ 
in Eqs. 267, 282, and

284)
VEL(J ,2) Target-J direction.vector y component (y

~ 
in Eqs. 267, 283, and

284)
VEL(J ,3) Target-J direction-vector z component (z~ in Eqs. 266 and 267)
VELMAG2 Magnitude of vector VEL
XMANF(J ,1) Coordinate x for the point where target J with ITYPE = 2 terminates

its maneuver (x~ in Eq. 274) -

XMANF(J ,2) Coordinate y for the point where target J with ITYPE = 2 terminates
its maneuver (y,1 in Eq. 275)

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

XMAN I(J,2) Coordinate y for the point where target J with ITYPE 2 begins its
maneuver

XYZF(J ,1) Final coordinate x for target J (n.mi.) (x, in Eq. 258)p 
XYZF(IJ,2) Final coordinate y for target J (n.mi.) (y1 in Eq. 259)
XYZF(J ,3) Final coordinate z for target J (n.mi.) (Zf in Eq. 260)
XYZF(J ,4) Final time for target J (t~ in Eq. 256)
XYZI(J ,1) Initial coordinate x for targetJ(n.mi,) (x , in Eq. 258)
XYZI(J ,2) Initial coordinate y for target J (y~ in Eq. 258)
XYZI(J ,3) Initial coordinate z for target J (z1 in Eq. 260)
XYZI(J ,4) Initial time for target J ( t ~ in Eq. 256)
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Subroutine RESOL

Subroutine RESOL is called by subroutines DET3D and MWDET. The purpose of this
routine is to identify the targets whose return signal lies within the reference cells of the ith
target ( target NTAR , the target of interest). The number of targets (including the ith target)
within the reference cells is NI. The specific NI targets are listed in array INF , and the signal
energy of the NI targets is calculated and stored in the array SNREF (Table 26).

The jth target lies within the reference cells of the ith target if

IR j  -R ,I < AD  — (NR + 2)AR (294 )

and

A~~-A 1I<2 .4 O , (295)

where R is the target range and A is the target azimuth , NR is the number of refer.-~nce “.-ft:
on each side of the ith target cell, AR is the range-cell dimension, and 0 is the 3-dB antenna
beamwidth. The signal energy for the jth target is found by calling subroutine SIGNAL.

Table 26— B.ESOL Variables

Fortran Variable Description

DELR Range interval used to determine whether the target lies with the
referen ce cells of the ith target (AD in Eq. 294)

INF(K) Target number of the kth interfering target
N Number of targets
NI Number of interfering targets
NREF Number of reference cells on each side which are used to calcu-

late the detection threshold (NR in Eq. ~94)
NTAR Target I of interest
RES Dimension of the range-resolution cell (AR in Eq. 294)
SNREF(K) Signal power of the kth interfering target
TH3DB Antenna 3-dB azimuth beaniwidth (0 in Eq. 295)
TRGPOS(I ,4) Range of the ith target (R 1 in Eq. 294)
TR.GPOS(I ,5) Azimuth of the lth target (A1 in Eq. 295)

Subroutine RNGCEN

Subroutine RNGCEN is called by subroutine MULPTH. Its function is to determine
the location of the reflection point on a surface with a radius of 4/3 of the earth ’s radius,
corresponding to a path-length difference of X/4. This inform ation is used in evaluating the
propagation factor in the intermediate region.

H 106
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The subroutine is entered with a value of sin ~i that corresponds to the flat-earth solu-
tion to the problem

Ix \  h,.+ h
~sin~ / = 2 (~~ ) , (296)

(X/ 4 )2 + 4h r h j

where X/4 represents the path-length difference and hr, h~, 
and ~/i are defined in Fig. 13.

This value of sin ~,ti is used to calculate the path-length difference A from the following
equation, whose development will be discussed in the next paragraph using the spherical -
earth geometry shown in Fig. 14:

4 sin~ ’ (297)
1 + (1 + (2h r / a sin2 / / ) 11/2 1 + [ 1 4  (2h 1/ a sin2 I/ / f l 112

hr 
+

where a is 4/3 of the earth ’s radius. The function f, defined as

f =A - ~~- , (298)

is evaluated, and its absolute value is compared to X/40. If f l  > X/40 , the derivative of f
with respect to sin ~// is determined and used to calculate a new value of sin i/i :

Sin = Sin ‘~old - 
‘~ [df /d~sin 

~
‘)] .  (299)

A new value of A is then computed using sin ~~~~ and this process is continued until the
convergence criterion j f~ <l~/40 is satisfied. When this occurs, the corresponding values of

r2, R 1, and R 2 (Fig. 13) are calculated (Fortran variables SRi, SR2 , Ri, and R2 ,
Table 27) and control of the program is returned to MULPTH.

I,
TARGET

RADAR 

~~~~~~~~~~~~~~~ T_ 2W

R2 

h,

Fig. 13 — Flat-earth geometry
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~
.

107

- ~~~ ~~ ,.~~~, ~~~~



DAVIS AND TRUNK

TARGET

,

)f

rl r2
ht

Fig. 14 — Spherical-earth geometry

Equation 297 is developed as follows: From Fig. 13 or Fig. 14

R = (R~ + R~ + 2R 1R 2 cos 2,/i ) l 2

= [(R 1 + R 2) 2 — 2R 1R2 (l  — cos 2,/ i) ]  1/2

= [(R 1 + R 2) 2 — 4 R 1R 2 sin2 
,/~] 1/2 (300)

Equation 300 can be rewritten as

I 4R 1R~ sin2 ;i
R = ( R 1 +R 2 ) I l— I (301)

L (R1 +R2)
2
J

and,sinceA—R-(R 1 +R2),

f~ r 11/2
I I 4R 1R 2 sin 2 ,/‘I

~ L (R 1 f R 2) 2 J
(4R 1R 2 sin 2 ,/i )/(R 1 + R 2) 2

— ( R 1 +R 2) . (302)

{i — (( 4R 1R 2 sin2 J )/(R 1 + R2)2]}112 + i.

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

2R 1R 2 2
A — sin2 ,/i — sin2 

,/i . (303)
R 1 + R 2 R~~ + R ~

1

108
~-J-~’-; ~

‘-
~~.-

~~~~~~~~~~~ ~~~~ %~:‘T~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - : ~~L~~~~~-;~~~



NRL REPORT 8228

To reduce Eq. 303 to Eq. 297 , R 1 and R 2 must be expressed in terms of hr , h~, and
sin ,/,, which is accomplished as follows : From Fig. 14

h2 -R ~~+ 2ah h h R 1
s i n , / =  2R 1a ~~~ 

+ i)
.. -~~

. 
- (304)

Neglecting hr /2a gives

h R 1
- — - (305)

R 1 2a

Applying the quadratic formula to Eq. 305 yields

2h~R 1 = - (306)
sin ,/~ + [sin

2 ,/i + (2h r /a)] ”2

Similarly

2h~
R 2 = . (307)

i/i + [sin
2 

~,j i  + (2 h e/a)] 1/2

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

Table 27 — RNGCEN Variables

Fortran Variable Description

DELT Wavelength divided by 4 (m) (X/4 in Eq. 296)
HR Height of the antenna (m) (h , in Eqs. 296 and 297)
HT Height of the target (m) (h~ in Eqs. 296 and 297)
Ri Slant range from the radar to reflection point (m) (R 1 in Eq. 300)
R2 Slant range from the reflection point to target (m) (R 2 in Eq. 300)
RE 4/3 of the earth’s radius (m) (a in Eqs. 299 and 306 through 307)
S Sine of the grazing angle (sin ,/, in Eqs. 298, 299, 301, and 305

through 307)
SRi Ground range from the radar to the reflecti on point (m) (r 1 in text

after Eq. 299)
SR2 Ground range from the reflection point to the target (m) (r 2 in text

after Eq. 299)

4 
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Subroutine SIGNAL

Subroutine SIGNAL is called by the executive routine every scan for each target and
radar mode. For a given target JTAR , the subroutine computes the free-space returning sig-
nal power PWR and the total received signal energy SIGEN , the latter taking into account the
effects of multipath propagation and rain attenuation (Table 28). A second entry point
NO1SE calculates the noise energy (including jamming) EN and clutter energy EC associated
with the target JTAR.

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

PTG2X2 GLR LTLM
= , (308)

R 4(4ir )3

where 
~ T is the peak power (W), 0 is the one-way antenna gain (with respect to the omni-

directional case), X is the radar wavelength (m), a is the target cross section (m 2 ), Lr is the
receiver antenna loss, LT is the loss between the transmitter output and free space, LM is
the mode-dependen t loss, and R is the target range (m). The received signal energy for a
pulse of duration r is then

SO~ r P ~T. (309)

While the target is assumed to be in the center of the azimuth beam, the signal energy
must be adjusted for target JTAR being off the elevation beam center. This is accomplished
through the use of the BEAM function , which determines a one-way beam-shape factor f( 0 )
that is applied to the received-signal energy according to

S1 =S~ ( f (0) J ~ . (310)

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

0R = Vm ~~ 0 , (311)

where Vm is the volume of the radar resolution cell :

Vm = 
(‘

~~~) 

R 2 OBQ~ (~
) , (312)

where 0~ and ~~ are respectively the horizontal and vertical 3-dB beamwidths in radians, c
is the speed of light , and 

~ 
is the compressed-pulse length in seconds.
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It can be shown that if the raindrop diameter D is small in comparison to A, then a
can be represented by

5
= !_ 1K 1 2D6 , (313)

A 4

where K depends on the dielectric constant of the scatterer and K2 is approximately 0.93
for water at 10°C when A = 10 cm. Since the drop diameter is not a convenient parameter,
an expression has been developed that relates drop diameter to rainfall rate r (in millimeters
per hour):

= 200r 16 . (314)

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

0R = 6.706 X 10 6 TC OBcbBR r X .  (315)

This expression for 0R 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 (91 . The data show a logarithmic relationship between attenuation and fre-
quency that can be expressed algebraically as

2cr 1.753 X i0~~ (
1.87 (316)

where 2cr is the two-way attenuation in decibels per nautical mile per millimeter per hour
and (is the frequency in gigahertz. The two-way attenuation A,. (absolute) for a given rain-
fall rate r , range R (meters), and wavelength A (meters) is

log10 A ,. - 10—8 RrX~~
87 . (317)

Before the rain-attenuated signal energy can be computed , it is necessary to consider
multipath effects. This is carried out in subroutine MULPT H, which calculates the propaga-
tion factor F. The rain-attenuated signal energy for IF bandwidth Bw is then

S=S i1~
Ar (min (Bw r~, 1)1, (318)

where the bandwidth adjustment Is consistent with matched-filter analysis .

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

Thermal noise energy Is determined from .4
Nr F~kTo, (319)

where F~ is the receiver noise figure , k Is Boltzmann ’s constant , and T0 is the system
temperature in degrees Kelvin . ‘ - - 

- - 
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Jamming energy E~ and sea clutter E~ are calculated by subroutine JAM and are mod-
ified by A,. to include the effects of rain attenuation.

Rain backscatter energy is computed according to

6ORSICT
ER = , (320)

aF4f 2(O)

where 1~ is the rain-clutter improvement factor and the factor 6 represents the effect of
averaging returns for rain in the resolution cell over many multipath fade and reinforcement
regions in radar modes affected by multipath propagation.

The noise energy EN ,  including jamming and rain backscatter but not sea clutter, is

EN =(NT +EJ +ER ) max (B
~~

rC, l), (321)

where the adjustment to the total energy allows for increased noise due to an unmatched
IF bandwidth . The sea-clutter energy E~ is also adjusted to allow for an unmatched IF
bandwidth and returned separately.

Table 28— SIGNAL Variables

Fortran Variabl~~ J 
Description

AMBN Thermal noise energy (J) (Nr in Eq. 319)
EC Sea-clutter energy (J) (E~ in text between Eqs. 319 and 320)
EJ Jamming energy (J) (E~ in Eq. 321)
EN Noise energy (J), including thermal noise, jamming, and rain back-

scatter , but excluding sea clutter (EN in Eq. 321)
ENVIR(4) Rainfall rate (mm/ h) (r in Eq. 314)
ES Signal energy (J) (S in Eqs. 318 and 320)
FAC Propagation factor (F in Eq. 318)
FHV( 1) Beam-pattern factor (power) (((0 ) in Eq. 310)
IMODE(J ,1) Number of pulses integrated
IM ODE(J ,2) max (Bw r~, 1) for mode J (rounded to the nearest integer)

(Eq. 321)
PW R Power received (W) (P,. in Eq. 309)
R RangeR(n .mi )
RA Two-way rain attenuation (A,. in Eq. 317)
RC(3) Receiver noise figure (F,, in Eq. 319)
RC(4) Horizontal 3-dB beamwidth (r&d) (O R in Eqs. 312 and 315)
RC(5) Vertical 3-dB beamwidth (r&d) (~~~ in Eqs. 312 and 315)
RC(6) Antenna gain one way with respect to the omnidirectional case

(G in Eq. 308)
RC(8) Receive antenna loss (dE ) (LR in Eq. 308)
RC(9) Lou between the transmitter output and free space (Lr in

Eq. 308)
Table continues.
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Table 28 (Corwluded) — - - SI GNAL Variab les

Fortran Variable Dcscr iption

RC( 10) Boltzman n ’s constant times the system t -mperatu re (k T () in
Eq. 319)

RM Range ( rn)  (R in Eqs. 312, 315, and 317)
RMODE(J ,3) Peak power (W) for modeJ(P, in Eq. 308)
RMODE(J ,4) Pulse length for modc’ J (r  in Eq. 309)
RMODE(J ,8) Mode-dependent loss for mode J (L M in Eq. 308)
RMODE (J ,12) Intermediate-frequency bandwidth (l iz ) (B IF’ in Eqs. 318 and

321)
RMT Range to the fourth power (m 4)(R4 inE q.308)
RNCS Rain cross section for rain in the resolution celL (m 2 ) (U ~~ l it

Eqs. 311 and 315)
SIGEN Signal energy ( J ) ,  same as ES (S in Eqs. 318 and :120)
SMODE(J,2) Rain-clutter improvement factor (‘~ 

in Eq. 320)
TARCS Target cross section (m 2 ) (a ii Eq. 308)
TAU(N E XT) Compressed pu lse length (s) (r

~ 
in Eqs :112 , 315, 318, and 32~~

WVL Wavelength (m)  (A in Eqs. 308, 313, 315, and 317)
XNMTOM Conversion factor (nautical miles to meters)

Subroutine TARGET

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

A maximum of 20 targets (to be detected) and jamm ers (additional sources of jam ming
radiation ) in any combination may be defined. ~I’he first input card read by subroutine
TARGET specifies the number of targets NTARG and then the number of ja mmers NJAM.
Each target or jamm er is defined by a pair ol cards; the NTARG pai rs of cards immediately
following the first inpu t card define the targets, and the next NJAM pairs of card s define
the j ammers (Table 29).

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

XYZI — Initial position coordinates and time (x , y, z, 1) , (kf t  and s),
XYZF — Final position coordinates and time (x , y, z, t)~ ( kft  and s), with 11 being

ignored for a maneuvering target (ITYPE 2),
SIGTAR — Head - on , broadside, and minimum radar reflective areas (m 2 ),
8IGJAM — Jamming power density (W/ M Hz ),  -~ . 

-

MODEL — Marcum-Swerling cross-section model number.
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The contents of the second card varies according to the value of its first parameter
ITYPE , which specifies which of the three defined types of flight pro files the target w ill
follow. Target profile type 0 (ITYPE = 0) consists of a straight-line trajectory from the
initial position to the final position. The target’s constant speed is determined from the
initial and final times specified for these positions. Therefore the second card for a target
of type 0 is blank (but cannot be omitted).

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

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

TALT(J ,i) — Tim e of arrival at the first altitude (s),
ALT(J ,2) — Second altitude (node) (kft) ,

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

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

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

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

ITYPE(J) — Target profile type (2),
SPEED(J) — Target speed (kf t / s) ,
HEADI (J) — Initial target heading (deg),
TMAN I (J) — Time at which the maneuver begins (s),
GTURN(J) — Radial acceleration of the maneuver (j’s).

For each target defined with a type-2 trajectory the calculations that follow are per-
fo ’rned in addition to the scaling of parameters.

Let ~ denote the distance traveled by the target from its initial position to the point
of maneuver :

U(tm - t ) ,  (322)

where u is the speed of the target, m is the time the target starts its maneuver , and t1 is the
time the target leaves its initial posllãon. The coordinates of the point (Xm ‘ Ym ) where the
maneuver begins are

xm xi + A cos (he) (323a)
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and

= y + ~ sin (h i), (323b)

where x is the x coordinate of the target’s initial position, y is the y coordinate of the tar-
get’s initial position , and h1 is the initial heading of the target. To determine if the maneuver
is clockwise or counterclockwise (looking into the xy plane), the heading of the vector de-
fined from the point of maneuver to the target’s final position is computed :

hm cos~~ ([x e — Xm ]/ [(x 1 Xm )
2 + (y, — Ym )

2 I
1
~

2 ), (324)

where x1 is the x coordinate of the target’s final position and Y~ is the y coordinate of tar-
get’s final position. If h . < i t  and either hm <h 1 or hm ~ h + it, or if h1 ~ it and both hm <
h~ and hm )  - it (the point (x1, y1) lies to the right of the initi al heading vector), then
the maneuver is clockwise and flagged by TURN — 1. Otherwise the maneuver is counter-
clockwise with TURN 1.

The radius of the maneuver circle is

rm = v2 /g, (325)

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

The center (xe, y~
) of the maneuver circle is

Xm + rm cos (h 1 + TURN ir/2) (326a)

and

Yc = Ym + rm Sin (h 1 + TURN ir/2). (326b)

If

d I (X , — X ~)2 + (Y!_ Y c)2 1
l/2 <r ,n , (327)

then the target’s final position lies inside the maneuver circle , so the maneuver is im possible ,
and the target is deleted from fu rther consideration .

Leta and j3 be defined by

a cos 1 [(x i-x ~)Id1 (328)

and

~~~sin 1 (rm / d ) .  (329)

The heading h1 of the target as it terminates its maneuver and begins its final leg is then
h1 — a + TURN ~J , sin a ~~‘ 0, (330a)

= 2n- - a + T U R N f3 , s i n a < 0 .  (330b)
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‘I’he point (xc, y~
) where the target terminates its maneuver is

x,~ = + rm cos (h, — TURN ,r/2) (331a)

and

y,~ = y~ 
+ rm sin (h~ - TURN ir/2), (331b)

and the time t,~ the target reaches (x e,  Y~ ) 15

= + v(~~h) / g, (332)

where

— h~ - h,, (h~ - h~) ~ 0, (333a)

= h~ - + 2ir , 
- 

(h~ - h )  <0. (333b)

The time the target arrives at its final position is

2 2 1/2t f = t~ + [(x~ — x ~ ) + (y,—~~~
) I Iv. (324)

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

The concluding calculations performed in subroutine TARGET are those to determine
the coefficient array [A for radar cross sections of a target. it is assumed that a target’s
radar cross section, as viewed circumferentially, generates a lobing structure and that this
structure can be represented by a linear combination of the functions cos 20, cos 40, and
cos 80, where 0 is the angle between the line of sight to the target and the target’s broadside
axis (Fig. 15). Thus

a (O) A 1 cos 2O + A 2 cos 4O + A 3 cos 8O + A 4. (335)

TARGETS BROADSIDE
AXIS

RADAR
LINE OF SIGHT

TARGET

S.

TAR GET S VELOCITY RADAR

FIg. 1 t, — Geometry used In determining radar
cross sec t ion of at arget
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Expressions for the coefficients A~ as functions of the broadside , head-on , and mini-
mum cross sections are developed as follows. First the expression for a ( O j  is differentiated
and expressed in term s of cos 0 and sin 20:

a ’( O )  = 2A 1 sin 20 + 8A2(2 cos20 -1) sin 20

+ 32A 3(16 cos60 - 24 cos4 0 + 10 cos2 0 - 1) sin 20. (336)

it is now assumed that the minimum radar cross section occurs at 0 = ir/3 , or 60° of f broad-
side. (This is consistent with measurements made on the type of aircraft that is normally
encountered in applications.) Setting a’ = 0 and cos 0 = - 1/2 in Eq. 336 yields

4A3 - 2A 2 +A 1 =0.  (337)

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

a(0) = 3A 2 - 3A 3 + 4A 2 = B. (338)

For 0 = ir/2 the radar cross section is given by the input value for the normal Cross section N;
hence

-A 2 + 5A 3 + A 4 =N. (339)

For 0 = ir/3 the radar cross section is given by the input minimum value M. This yields

-3A 2 + 3A 3 - 2A 4 = 2M . (340)

Solving Eqs. 337 through 340 for A 1, A 2 , A 3, and A 4 gives the results

B + 2M
A 4 = 

2 (341a)

B + 3 N - 4 A 4
A 3 = 

12 (34 1b)

A 2 = Sit 3 - N + A 4, (341c)

and

A 1 =2A 2 - 4 A 3. (34 1d)

A set of four such coefficients is calculated for each target.

‘S
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Table 29— TARGET Variables

Fortran Variable Description

A(J ,1) Coefficien ts calculated for use in determining target-I radar cross
sections (A 1, A 2, A 3, and A 4 in Eqs. 335 and 341)

ALT (J J ) Altitude of profile node 1 of target I with ITYPE (J) = 1
CARD(I) Temporary storage for the input parameters from the second

data card for the target
CM(J ,1) Coordinate x of the center of the maneuver circle for target I

with ITYPE(J) = 2 (x~ in Eq. 326a)
CM(J ,2) Coordinate Y of the center of the maneuver circle for target J

with ITYPE(J) = 2 (y
~ 

in Eq. 326b)
DELR Distance from the center of the maneuver circle to the final posi-

tion for target I with ITYPE(J) = 2 (d in Eq. 327)
GTURN(J ) Radial acceleration for the maneuver by target J with ITYPE = 2

(g in Eq. 325)
HEADF(,J) Final heading of target J with ITYPE(J) = 2 (h1 in Eqs. 330)
HEADI(J) Initial heading of target J with ITYPE(J) = 2 (h 1 in Eqs. 323)
ITYPE(J) T~ype of target profile for target J:

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

MODEL(J) Indicator of the Marcum-Swerling cross-section model for tar-
get J

NALT(J) Number of altitude nodes for target J with ITYPE (J) = 1
NJAM Number of jammers
NTARG Num ber of targets
NUMTGT Total number of targets plus jammer s
RADM(J) Radius of the maneuver circle of target J with ITYPE = 2
SIGJAM(J) Jamming power for target J (W/MHz to W/Hz )
SIGTAR(J ,i) Head-on radar cross section for target J (m 2 ) (N in Eq. 339)
SIGTAR(J ,2) Broadside radar cross section for target J (m a ) (B in Eq. 338)
SIGTAR(J ,3) Minimum radar cross section for target J (m s ) (M in Eq. 340)
SPEED(J) Speed of target J with ITYPE (J ) = 2 (v in Eq. 325)
TALT(J ,I) Time when target I with ITYPE(J) = 1 arrives at altitude node I
TMANF(J) Time when target J with ITYPE(J) = 2 terminate.~ its maneuver

(t~ in Eqs. 332 and 334)
TMANI(J) Time when target J with ITYPE ( ) = 2 begins its maneuver (t m

in Eq. 322)
TURN(J) Indicator for a counterclockwise (1) or clockwise (- 1) maneu-

ver for target J with lTYPE(J) 2
XHEAD h eadin g of the vector defined from the point the maneuver be-

gins to the fmal position of target I with IT YPE(J) = 2 (hm4 in Eq. 324)
XMANF(J ,1) Coordinate x for the point where target J with ITYPE(J) = 2

terminates its maneuver (x~ in Eqs. 331a and 334)
XMANF(J ,2) Coordinate ~ for the point where target I with ITYPF4J) 2 -v- , - 

- 
. 

-

terminates its maneuver (y,~ in Eqs. 331b and 334) : 
r-,

Table continues .
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Table 29 (Concluded ) — ‘I’ARGET Variables

Fortran Variable Description

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

XMAN1(J ,2) Coordinate y for thc point where target J with ITYPE(J) = 2
begins its maneuver (y,,~ in Eq. 323b)

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

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

XYZF(J ,3) Final coordinate z for target J (kft to n .mi.)
XYZF(J ,4) Final time for target J (s to h) (t 1 in Eq. 334)
XYZ 1(J ,1) Initial coordinate x for target J (kft to n .mi.) (x 1 in Eq. 323a)
XYZI(J ,2) Initial coordinate y for target J (kft to n.mi.) (y, in Eq. 323b)
X Y Z I ( J ,3)  Initi al coordinate z for target J (kf t  to n .mi.)
XYZI(J ,4) Initial time for targetJ(s to h) (t 1 in Eq. 322)

Subroutine TARSIG

Subroutine TARSIG is called by subroutine SIGNAL to calculate the radar cross sec-
tion of target JTAR at a given aspect angle 0 (Table 30). it is assumed that the target’s radar
cross section a generates a lobing structure which can be represented by a linear combina-
tion of functions of the form cos 2k0 , so that

o ( 0 ) = A 1 cos 2 O + A 2 cos 4 O + A 3 cos 8 O + A 4 , (342)

where 0 is the angle between the line of sigh t from the radar to the target and the target’s
broadside axis (Fig. 15). The coefficients A 1 are functions of the target’s head-on and
broadside radar-cross-section input values and of the minimum radar cross section en-
countered over the anticipated range of aspect angles , also an input value. A set of these
weighting factors A is calculated for each target in subroutine TARGET.

Table 30 -— TARSIG Variables

Fortran Variable Description

A(JT AR ,l) Coefficients for target JTAR calculated in subroutine TARGET
(A 1 in Eq. 342)

• DOTP(JTAR) Cosine of the angle (ir/2) — 0 between the line of sight from the
radar to the target and the target’s velocity vector ( Fig. 15)

TARCS Target cross section (m 2 ) (o( O ) in Eq. 342)
TEMP(2 ) - cos 20
TEMP(3) cos 40
TEMP(4) coB 80 
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Subroutine UFUN

Subroutine UFUN is called by subroutine MULPT }1 to calculate the U functions that
are used in determining the pattern-propagation factor F in the diffraction region. The equa-
tion as given by Kerr 171 for the pattern-propagation factor in the diffraction region is

F = 2 (xX) ut2 e_C
~~~lU i ( Z i) U i ( Z 2) 1 ,  (343)

and U FUN evaluates the function U~ (Z~) for the values of Z1 given in its calling sequence.

The term is alternatively assigned the height of the radar (Z 1) and the height of the target
(Z 2 ) in the so-called natural units discussed in the subsection on subroutine MULPTH.

The rationale followed in evaluating U1(Z1) is as follows: The term U1 (Z,) can be
expressed in terms of the function h2 (x) .  This is found [7 , p. 1091 to be

h2(Z~+A 3)
U1 (Z 1) i  h’2 (A 1)  

(344)

The quantity A 1 is calculated in MULPTU and corresponds to CA in the calling sequence
(‘Fable 31), and h~ indicates the derivative of h2.

The function h 2 (x) can in turn be expressed in terms of Airy functions:

h2 (x)  = i24
~’3 3~~

6Ai(xe”~
3). (345)

Expressions for evaluating the Airy functions are found in Ref. 10. The Airy function is

Ai(z) = c1f (z)  — c2g(z) ,  (346)

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

f (z) 1 + ~~~
- ~~~~ 

- 26 + 
1-4 ’7 z9

~~ ... (347a)

and

2 
~ 

2 5  
~ 

25- 8 10g (z) = z + -
~~

-
~ z + —:~~

- Z + 
10! z + .... (347b)

For values of 21 > 3, Ai (z)  is approximated by an asymptotic expansion :

Ai (z )  ~ -~~~ ~~1/2 f l/4 e l4 
~~ 

(_ l ) k n~p~~, (348)
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Table 31 — UFUN Variables

Fortran Variable Description

CA Function of the complex dielectric constant and polarization ,
evaluated in MULPT H (A 1 in Eq. 344)

CAl A 1e1”/3 (An Airy-function argument in Eq. 345 , represented
by z in Eqs. 346 through 349)

CA13 (A1e in!3)3 (z3 in Eq. 347a)
CA14 (A 1e i

~I 3) — ’/ 4  (z- ’14 in Eq. 348)
CAIR The kth term of the asymptotic expansion of the Airy func-

tion (E q. 348) with argument (Z, + A 1 )einI3
CAIRP The kth term of the asymptotic expansion of the derivative of

the Airy function with argument A 1 e1~I3
CANS Function used to determine the propagation factor in the

diffraction region (U 1 in Eqs. 343 and 344 )
CC (1/2)ir-lI2(CZ)-lI4e-~ (factor in Eq. 348)
CCP - (1/ 2) i r -112 (CAI) lI 4 e-M ( factor in Eq. 348)
CDA 2/ 3(A 1ei~I3 ) 3/2 (righ t-hand side of Eq. 349)
CDZ 2/ 3( (Z 1 +A 1)ein/3 J 312 (right-hand side of Eq. 349)
CFI f J ( Z i + A 1 ) ei~v/3 ) summed to the Izth term (1 (z)  in Eq. 347a)
CFIP f (A 1e 1’~I 3 )  summed to the hth term
CGI gJ(Zj + A1)e hr/3 J summed to the kth term ( g (z )  in Eq. 347b)
CGIP g ( A j ein/3 ) summed to the kth term
CH2 h function used in determining U 1 (h 2 (Z 1 + A 1) in Eq. 344)
CI-12P Derivative of the h function (h~(A 1) in Eq. 344)
CI ~/21 (1 in Eqs. 344 and 345)
GOLDA Previous value of CANS
CXP3 e1~/3 (Eq . 345)
CZ (Z 2 + A i) e ilT I3 (an Airy-function argumentz)
CZ3 [(Z1 + A 1 ) ei’r / 3 J 3  (z3 in Eq. 347a)
CZ4 I(Z1 +A 1)e i’v 13)- l 14 (~-1I4 in Eq. 348)
I Counter k indicating which term of the power series

(Eqs. 347) or the asymptotic expan sion (Eq. 348) is
under consideration

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

0 = I C Z I and I CA 1I ’~ 3
1= I C Z I > 3
2 = ICA 1I> 3
3 = ICZ I and CAll >3

ISWIT Indicator:
0 in itial pass or new mode
1 = same mode as previous pass

OLDZ Value of Z1 on the previous entry to UFUNRTPI
XCI. Constant used in evaluating the Airy function (c1 in Eq. 346)
XC2 Constant used in evaluating the Airy function (c2 in Eq. 346)
XMUL 1 Coefficient of the kth term of the power series for f(z)

F’ (Eq. 347a)
XMUL2 Coefficient of the kth term of the power series for g(z)

(Eq . 347b)
Z Height of the point in space under consideration (Z1 in -, ~~

“ 
• ~~~~- - -

Eq. 344)
• 

—
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DAVIS AND TRUNK

where

2z3’2
1.1= , (349)

no = 1, (350)

and

[‘(3k + 1/2) (351)
54k k! f’(k + 1/2)
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Appendix A

THRESHOLD VALUES

This appendix is a guide in setting the threshold required as an inpu t value to
SURDET2D and SURDET3D (data card 7, described on pages 10 and 45). It will be
assumed that the noise is Rayleigh and th at enough reference cells are used so that there
is no error in the estimate of the noise power. Then , for linear video and a two-parameter
threshold of the form (Eqs. 62 and 126)

(Al)

the appropriate value of F2 can be found in Robertson*. For linear video and a one-
parameter threshold of the form (E qs. 63 and 127)

T = F 1j1, (A2)

the appropriate value of F1 can be found from

F l = 1 + F 2 V”
~~~

-
~ . (A3)

where M is the number of pulses integrated . For log video and a threshold of the form
(Eqs. 64 and 128)

T=~~ +F 3 (A4)

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

For a probability of false alarm equal to 10~~ the appropriate values of F4 are given in
Table Al.

Table Al — Threshold Values for F1, F2 , and F3

Threshold Value for a Given Number of Samples
Type or Video Threshold Type —____________________________________

_ _ _ _ _ _  _ _ _ _ _ _ _  

1 1 2 1 4 1 8 1 1 6 1 32 1 64 1 128
Linear 6.10 6.85 6.62 5.40 5.25 5.12 5.04 4.96
Linear T p +  F 1o 4.19 3.16 2.47 2.00 1.69 1.47 1 .33 1.23
Log T — g ~+ F 1 1.59 2.63 4.24 6.55 9.78 15.0 22.3 32.0

H

0.H. Robertson, “OperaUng Characterlitics for a Linear Detector of CW Signals In Narrow -band G.u lsn ‘
~~~~

-
“

~
-

Noise,” Bell Syst. Tech. J. 46, 755-774 (Apr. 1967). 
-- . ,.
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Appendix B

PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET2D

0001 P R O G R A M  SURO ET
C
C 1141S I~ TIl E S URDIT ? I)  E X E C U T I V E  RO UTINE
C
C C C C C C L C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C CC C C C CC C CC CCC C CC C CC C C C C L C C C CC CCC
C
C
C DES C R I P T I O N  OF D A T A  CARDS
C
C D A T A  CARD NO. 1
C
C DE T A I L E D  OUTPUT CO NT RO L E~IT EGER ( 15  F O R M A T )
C 0 = N~ ~UT PU T TO RE PR INTED
C 1 • DET E CTION OUTPUT T O BE P R I N T E D
C 1 D E T A I L E D  O UTPUT T~ BE PRINTE D
C
C
C
C USIA  tARU NO. 2
C
C. T ITLE CARD - R U N  I D E N T I F I C A T I O N  ( 1 4 , 1 9A 4  F O R M A T )
C 1 R A D A R  ID NUMBER FOR T A R G E T  D E T E C T I O N  OUTPUT F ILES
C 2—2 0 ALPHAN UMERIC 0ESCRI~~T IV E T I T L E
C
C
C
C D A T A  CARD NO. 3
C
C SHIP (RAD AR ) P O S I T I O N  (4 F$ .2 FORMAT )
C 1— ~ P O S I T I O N  C O O R D I N A T E S  (X ,Y , l )  lEd R E T
r. 4 SH IP HEADIN G IN DEGR E ES
C. - -

C
C -
C D A T A  CA RD NO. 4
C
C 11 B A S I C  RA DAR P A R A M E T E R S ( 9 F B . Z , 1 2 , F 6 .2  F O R M A T )
C I R A D A R  FiTE QUENC Y IN MHZ
C 1 A NTEN Nft PA T T ERN FUNCTION INDICA T OR
C 0 • P E N C IL B E A M
C I • C O S ECANT SQUARE B EAM
C 3 R E C E I V E R  NOISE IN DN
C 4 HOR IZO NTAL 3i) B B EA N W I O T H  IN DEGREES
C S V E R T I C A L  308 B EA NWI OTH IN DE G REES
C b O N E — W A Y  ANTENNA GA I~d IN 08
C 1 O N E — W A Y  S IDEL O BE LEVEL IN CO DOWN
C R ~~ C EIV E P LOSS IN OH
C 9 T R A N SMITTE R LOSS IN 1)8
C IU NUMB ER OF SCAN M OD ES
C 11 L I NEAR P O L A R I Z A T I O N  IN DEGN F IS

- -
~ 

-

-
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C HOP IZONT A L
C V E R T I C A L

C ( ISIS CARDS NO. S AND b (ONE SET FOR EACH RADAR SCAN MODE )
C
I. IS P A R A M E T E R S  FOR EACH SCAN MODE ( 1 0F$ . 1~ SF8 .?  F O R M A T )
C I L O W E R  ROU N OARY E L E V A T I O N  AN GL E LOVERAC,I  IN DE GREES
C 2 Ti PP E R BO UNDA RY E L E V A T ION ANGL E C O V F R A G I  IN D E G R E E S
C 3 PE A K POWER IN M W
C 4 PULSE L ENGTH IN MICR OS ECOND S
C 5 I N T E R L O O K  P E R I O D  IN SECONDS
C 6 SCAN OFFSET Z N SECOND S
C. 7 INSTRU ME NT ED RANG E IN MIT
C N M ODE DEPEND ENT LOSS IN OB
C 9 PlUMBER IF PULSE S I N T E G R A T E D
C 10 CO MPR E SSE D PULSE LE NGT H IN MICROSECONDS
C. II S~~A CLUTT ER I M P R O V E M E N T  FACTOR IN DII
I. I/ I .E.  B A N D W I D T H  IN MHZ .  IF 0. BA ND~~ID!H WILL  BE SET
C AT 1.0F( COP PR LSSE T)  PULSE L E N G T H )
1 1 3  lOUT DEPE NDENT F RE QUENCY I N C R E M E N T  IN MHZ
C. 14 HI A NKIEd G T I M E IN MICROSECONDS.  IF 0. S E T  AT
C PULSE L ENGTH

I’, P A I N  C L ( J T T E R  IMPROV E M E NT F A C T O R  IT. DR

C i ) A T A  CARD NO.
C.
C 7 P A R A M E T E R S  FOR MOV ING W I ND O W D E T E C T O R  (7F0.� FO RMAT )
C 1 NI. IF R EFERENCE C E L L S  ON EACH S IDE OF T A R G E T CELL
C. 1 ( . E U I T € R  C O R R E L A T I O N  C O E F F I C I E N T
C. 3 PlO .  OF S T A N D A R D  D EV I A T I O N S  USED IN THRESHOLD
C 4 N~~. OF D E T E C T I O N S  T H A T  CAN liE M I S S E D  AND D E T E C T I O N S
C S T I L L  M ERc,ED INTO A SIN G LE D E T E C T I O N
C S V I I ) E O  TYPE INDI CAT ON
C 0 $ L INEAR V IDE O
I. 1 = LOG VIDEO
C 6 NO . OF RE F E R E N C E  CELLS USED FOR THR E SHOLD
C 0 • ALL C E L L S  11510
C <0 = S MALLER HALF USED
C )0 a LARGER HAL l USED
C 1 P A R A M F T F R S  USED T O C A L C U L A T E  T H R E S H O L D
C 1 = MEAN USED
C. 2 • MEAN AND V A R I A N C E  US E D
C
C
C
C 1)515 CARD N~~. R
C
C N U M N E K  ICE T A R G E T S  AND JAMPEI i S ( / 1 5  F O R M A T )

S.-
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C 1 Nfl. OF TARGETS
C 2 Ne’. OF JA MNIR S
C
C
C OAT S CARDS NO. 9 AND 30 (ONE SET FOR EACH TA RG E T AND JAMM E R )
C
C CARl) 9 13 TAR GET PARAMETERS (12F6.2. I3  FOR MAT)
C TARGET TRAJECTORY SHOULD NOT CROSS 0 DEGREES IN AZIMUTH
C 1— 4 IN ITIAL COORDINATES (X,Y ,Z,T) IN RE T AND SECONDS
C 5—8 TERMINAL COORDINATES (X,V,Z.T) IN N F l AND SECONDS
C 9—11 RADAR REFLE CTIVE AREAS FOP HEAD—ON.
C PROAD— SIDE. AND MINIMUM IN SQ. METERS
C. Ti JAMMING PO WER DENSITY EN WIMHZ
C 13 NARCUM SWER LI NG CROSS SECTI ON MODEL
C
C CARD 10 TARGE T PROFILE PARAMETERS (14 .7Ff. .? FORMAT)
C 1 TARGET PROFILE TYPE
C 0 = STRAIGHT LINE TRAJECTORY
C 1 • 2—4 ALTITUDE LEGS
C 2 • Er-MANEUVER AT CONSTANT ALTITUDE
C REMAINING PR OFILE PARAMETERS BY TARGET TYPE
C IF TARGET TYPE B
c 2—8 IGNORED
C IF TARGET TYPE * I
C 2 ~ NO . OF ALTITUDE NODES
C 3 • FIRST ALTITUDE NODE IN NET
C 4 TIME OF ARRIVAL AT FIRST NODE IN SEC
C S SECOND ALTITUDE NODE IN NET
C 6 • TIME OF ARRIVAL AT SECOND NODE IN SEC
C 1 • THIRD ALTITUDE NODE IN RET
C 8 TINE OF ARRIVAL AT THIRD NODE IN SEC
C IF TARGET : y~p( • 2
C 2 = TARGET SPEED IN NFl/SEC
C 3 = I N I T I A L  HEADING IN DEGR E ES
C 4 • TIME MANEUVER BEGINS IN SEC
C 5 • TARGET MANEUVER RADIAL ACCELERATION IN G S
C
C
C
C D AT A CARD Nl I i
C
C 4 ENVIRONMENTAL PARAMETERS (4F8..2 FORM A T )
C 1 WIN D SPEED IN KNOTS
C 2 HEIGHT OF WIND SPEED MEASUREMENT IN lE FT
C 3 M UL T IPA I H IND ICAT OR
C 1 MULTIPATH
C 0 • NO MULT IPA TH
C 4 RAINFALL RATE IN MM /HR
C
C

S.

i~o 
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C.
C D A T A  CARD NO. 1?
C

C 9 FI XED CL U TT E R P A R A M E TERS C2I8,Y F P .2 F O R M A T )
1 I N I T I A L I Z A T I O N  FOR RANDOM NUMBER GENERATOR FOR

C GE N E RAT IO N OF F IXED CLUTTER P O i N T S
C 2 NO. OF F IXED CLUTTER P O I N T S
C 3 PR ON A B ILITY THAT CLUTTER POINT IS DETECTED
1 4 INITIAL R A N G E  OF CLUTTER AREA IN lE FT
C S F I N A L  RANGE OF CLUTTER A R E A  IN lE FT
C. 6 STANDARD DEVIATION OF RANGE M E A S U R E M E N T
C. AS A PERCENTAGE OF RANGE RES O LUTI ON CELL 5 I7(
C 7 I N I T I A L  A Z I M U T H  OF CLUTTER A R E A  IN DEGREES
C N F I N A L  A Z IMUTH OF CLUTTER AREA IN DEGREES
C 9 STANDARD D E V I A T I O N  Of AZ I MUT H M E A S U R E M E N T
C AS A PERCENTAGE OF HORIZONTAL 3DB B E A M W I O T H
C
C
C
C. DAT A CARD NO. 1 3

C 2 BASIC V A R I A B L E  CLUTTER PARAM E T E R S  (218 FORMAT )
C I I N I T I A L I Z A T I O N  FOR RANDOM NUMBER GENERATOR FOR
C GE NERATION OF V A R I A B L E  CLUTTER POINTS
C 2 NO. OF CLUTTER REGIONS
C
C.
C. ) A T A  CARD NO. 14 (ONE CAR D FOR EACH CLUTTE R REGION )
C
C S P A R A M E T E R S  FOR EACH CLUTTER REG ION (SFB.2  FORMAT )
C 1 AVERAGE NUMBER OF CLUTTER POINTS IN REG ION
C 2 INIT IAL RANGE OF C L U T T E R  A R E A  IN RET
C 1 FINAL RANGE OF CLUTT ER AREA IN lE F T
C 4 INI TIAL AZIMUTH OF CLUTTER AREA IN DEGREES
C S F I NA L A Z I M U T H  OF C L U T T E R  AREA IN DEGREES

C. D A T A  CARD NO. IS

C 4 ROLL AND P T T C H  P A R A M E T E R S  (4F8.?)
I NA T IMUM ROLL ANGLE IN DEGREES

C / M A X I M U M  P I T C H  ANGLE IN DEGREES
C 3 MILL  P E R IO D  IN S E C O N D S

I. 4 P I T C H  P E R I O D  IN S E CO N D S

I $

C 1)110 CARD N~~. 16

4

‘
~I •

~~~-

a .
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T I M E  P A R A M E T E R  (P8.2 )
C. GA M C  T IM E (IN SEC) BY WHICH RADAR IS TO B EGIN SCANS
C
C.
C

C D A T A  C A R D  NO. 11

C
C R E C Y C L E  C ONTROL P A R A M E T E R  ( IS F O R M A T )
C. 1 • NEW SHIP IN WHICH CASE
C 1111 NEXT DATA CARD IS NO . 1
C 2 • NEW TAR GE T S
C 3 = NEW E N V I R O M E N T
C. 4 • RUN COMPLETED

C
CC.CCC.CC.C.CLLCCCC.CCCCCCC.CC.LC.CCCC.CCCC.LCCCCCCCC.C.CCCC.CCCC.CCCC.CCCCCCCCCCCCC

C
0002 C O M M O N  N S CAN ,N IX T, N IJM T GT,1,O LD T,E N D T IM ,$MOOE (3O,20)

I .PI .P IOV R2 ,TWI CP I,RA OIAN,TAu (30),DSTA R ,DW L ( 30)
/ .XYZI(l0, 4 ),XY !F(?Q,4).TRGPI SS (20, 7).SIGJAP (20)
I .SIGTAR(I0 ,3)1IHV (20),SIGNAH ,ISWIT ,TEMPWR
4 ,S HIP (9).RC( 30) ,RMO0€(3 0 .12 ) .IMODE (30,2)

0003 COMM ON/I l / FNV IR(Ifl) ,SUBC (30) .R (.CNU ,CCM ,ACI SN ,BE TA ,
IIO TP (?fl) ,POL RZ, IKEY F ,X K TOMS ,XNM TO M .TAR CS ,WVL .FOPI QB ,FOPISQ

0004 1 TMMO N/ !3/ A LP HA EJ ,SIGZ .V.AR I ,AR2,SI&C.,SIG
0005 COMMON /H /FA C4, AMB N ,XJA MN ,IKEYJ G,XXX X X
0006 CO MM ON / I /  PRRS, I~O F K ,THE TRK,DBDOWN ,TN H .THV .GN

0007 C O MM O N / T M /N T A R G , N J A M ,SPFED (20) ,NF4D I(20),HEADF (20),TMANU2O),

I TMANF (l0) ,XMAN I (2O, 3),XMAN F(20 . 3),GTURN (20), TURN (20),
/ CM (lD,I),RA 0M(20hITYPE( /~fl ,AL T(20,S),TALT(20,S),NALT(i0)

00CM COMM ON /1S/T STAT( 20),T SCAN C?0, 30)
0009 COM MON /CLTIU t~~ ROUT(20I ).AZOUT (201 ) . ELOU T C 2 O 1 ), TO U V UO L ) ,

1 RLIUT (lO1) ,PTOUT(201).SOUT (201) ,NC(100), IC ,IV
0010 C OMM O N  b Ell N fl T (20),MFRC 2O ) ,RANGE(20,3),Al (20 ,6),SNOET(20,3),

LL EV ( 20 ,3) ,TIME(ZO )
Do l l C O M M O N  b S TA B / ROLL(2Q) ,PITCH (20)
0012 D I M E N S I O N  111111(2 0)
DO l l  ) I MI NST IN RUEA( R ,l00) .HUF (10)
0014 D I P E 4 5 1 1 N  BUFB(S ,l0)
0015 INTEI .L .i A NSI

T A I L RI STOP
$)t

~ 1 I lO UT • 10
00111 CIPd V~ 4 .I42 944$I9
0019 MI ~H 392 115.04
00131 C P I M = I A I I T M T . 5 4 7 4
00/I CCM .30000000000 .

00// i C T A  •.I1BSbSU/l
A C T N .  .607701594

- _ p. -

~~~~~~ .-:

128 ~~~
. :~ : -

-
.~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—



ThIS PAGE IS BES T QUALITY P ACTICAB.L~
VI~oM Ct~r~ PURIU SHE.D TO DD C

NRL REPORT 8228

00/4 ~~~f lM . ‘ .5 I 4 4’ , 4 4 4 4
OI /S X.~ 4 a T ’!P ~ IH5?.

00/6 E 1 I ~ ~ I 57 .91 34. 7~~h
00/C ~~O P I - ~~I~ ~~lqS44 .4’) I 1 1 l

04)/N S 1T~S = 3)
0029 ~ 5I) 5?,A NSI
00 13) 5/ F O P M A T (I V . l 5 )
0 01 1  R E A ) I 5 I ) 3 ) , I T I T I I
0 0 1 /  5 C C  l C I U M A T ( 1 4 , 1 9A 4 )
0033 Pk! NT Y ) 1 , I T I I L I
0034 53 )1 l O R M A T ( I H I ,I4, S X , I 1 A 4 )
0015 (.5(1. 1 N I T A L

Of ) l#~ l~ C A L L  r A R E S T T
O U T !  I I  C A L l .  I PJ V T PPJ

C.
C I N I I I A L I Z I  C . L U T I ’ P  T I N  T R A C K I N G

00111 C A L l  I C I N I T
00 39 C A L L  V( P411

C.
1. I N I T I A L I Z E  ROLL A Nt )  P I T C H

0044) C A L L  S T I T IN T

C
C. R F A )  IN T I M E  B Y  W H I C H  R A D A R  M U S T  Ill I N I T IA L I ! L D

0041 R E A I I  ~~ i , RINI T
004/ 59 E I Y P M A T ( F  II .1)
0 0 4 3  P Q J P I T N il , , M I N I T
0044 590 F~~W M A I (T l 1 ( , (,AM F IN I T ! A L I I A T T O N  ITT , F11.2)

A l ) ! )  SCAN O F F S E T (in / O N  MODE 1) TO M A X  R A D A R  I N I J I A L I / A T I B N  T I N E
0045 R I ’I I T  - R IN I T / 3 6 0 ( . • R M O 0 f ( 1 .6 )
004.5

0 0 4 1  i r r v i = 0
C D E T E R M I N E  T I M E  . E A C H  T A R G E T  COMES W I T H I N  I N S T R U M E N T E D  RA N I,E
C. ~W I A C H  R A D I R  Moo r

00kM C . A I L  b El T ,

C. U F T r I 4 P I N E  I N I T I A l  UII) F I N A L  GA Il - T I M E S

004’? T = R M O I ) 1 ( I , 9)
0050  I N I ) T I M  • X Y Z F ( j , 4 )

I. 5 ! !  T A P I ,I 15 I N I T I A L L Y  II O V E R — T H E  — H O R I Z O N
oo c , T P ( ; ’ V , ( I , 4 )  = — 1 .

II ( N S C A N  .11. ~3 )  1, 0 11 i T
C. ( ) L T L P M I N ~ I N I T I A L  T I M E  F R O M  M A T C H

0 ) 5 1  ~~ 15 J • / , l l .CATI
Q( 154  II- ( R I O T ) ! ( J , 9)  .L T .  T )  I P M O O F ( J , 9 )
0055 1 5  ( . O 9 C I N ) I 1
0056  1 ?  II ( E i T A ~~I, .L T .  / 4  (.0 TI 19

C TIET (.~M I~4F E PI C) 1, 3 W !  T I M !
0 0 5 7  ITO IN I l , M h ils (

-
- :=~
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0058 TRC ,POS(I ,4 )  • -1.
0059 I F(XYZF (I.4) .11. ~ N f l T I M )  E N O T I M  • X Y I F ( f ,4 )
0060 IN C O N T I N U E
0061 19 C ON T I N U E

C 5~~E I N I T I A L  T I M E  F R O M  M A T C H  30 SEC.  E A R L I E R  FOR C h a T T E R  S A M P L E S
0062 T • T — 3./360.

C. S E T  I N I T IA L  GAME T I M E
0063 T • A M I N 1( 1 . R I N I I)

C W R I T E  ID ON D E T E C T I O N  OU T P U T  F I L E
0064 TEMP = 2
0063 TEMP II • R N O O E ( 1 , S ) . 3 6 0 0 .
0066 W R I T E  ( lO U T )  I I I I L F( 1) , T I M P . T E M P B

C
0067 IF (A N SI .fQ .O ) C,~ T I 24)
0068 NU I .F N VI R(3 )
0069 IF C MIII. •NE.  C, ) P R I N T  506
0070 IF C MUL .FQ. I) ) PRI NT 505
0071 306 FOR MA T (/ , ’ 3 0 4 0 $  W I T H  M U L T I P A T H  S $ 3 4 4 . /)
00 72 505 FORM A T( /b ,AOX, 0080$ NO M U L T I P A T H  003$$ ,/)

C
C NE W SCAN

0073 20 ISC ISC. + 1
0074 ICNT •
0075 BUF (4) 0

C SET SCAN PRI N T FLAG
0076 I PE L A G  0

C D E T E R M I N E  T A R G E T  ANT ) JA I l E R  P O S I T I O N S  AT SCAN T I M E  I
0077 C A L L  NF W PO S

C
0078 00 75 J • t , N S C AN
0079 N E X T  • J

C ZER O A R R A Y S
0080 DO 2 5 1 • 1 , N T A R I
0081 ND F E ( I )  — 0
0082 25 M E R (I )  • 0
0083 1)0 70 1 • 1.1116MG

C CHECK TE TARGE T A C T I V E
0084 IF ( I S T A T ( I )  .NE. 1 ) 1,1 T~~ 70

C C HICK IF TARGET W I T H I N  D E T E C T I O N  RANGE 51 THIS POd
• 0085 IF (TSC A~i (I,J) .EST . 1) CO TO 70
0086 TEM P  • R N O D E ( J , l )  — ‘).63*RC (5)
0087 TE M P .~ • P b O O E ( J , 7 )  • 0 . 6 3 3 R C ( 5 )
0088 I r ( T W G P O S ( I , 6 )  •C.F. TEM P .APID. IPC,POS (T,6) •LE .

j TI M P/ •AN I). TR (,POS(I,4) .LE . WMOOI( J , 7)
2 •A Nl) . T R G PO S( I , 4 )  .1,1. SMODE( J,1)) CO 13 30

C T A R G E T CAP ~NOT BE C ) F T F C T F C )  BY MODE J
0089 GO T O 10
0040 30 EF( RC (I) + O W L ( P I I X I )  .NE . lEN) IS W I T  0
0091 OFR .R C( l ) .DWI (N&XT)
0042 R F R= R C( 1 ) IOFR

S.
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0093 RC(6 )=CN/ PF RSI?
0094 RC ( A ) . I H H M R F P
0045 RC( S )= THV*RF R
0096 P113’. RM P ’ DE ( N EXT , I)  + RC(5)!7.

C
0097 AL P HA T )  = 0
0098 5 1CC (0
0099 S IC  • 0
0300 A RI • 0
0101 A R ? • 4)
0102 V = 0

C CHECK FO R P R I N T
0103 TF (  I P F L A C  .111. 0) CI T O 35
0104 1P FLAC =
0105 S E C  ANS I  .10.0 ) GO TO 35

C P R I N T  SCAN NUMNT. R
0106 P R I N T  S11 7 , T S C .
0107 507 F O R M A T  (//I/,30X , 4 ++ .+4+ SCAN N U M B E R  .14. i ,++G++ ,/)
0108 IF( 61151 .111.2 ) CO TO 35

C P R I N T  HEA DING
0109 P R I N T  4’)

C C OM PU T E SIGNAL INEPT , ! AN D N11 ( AND CLUTTER E N E R G I E S  FOR TA PI, ET I
0110 35 CALL \IGNAL(I ,RC (11 ),RC (12))
01 11 CALL NOISI(l, RC (13),RC (14))
01 1 2 T C R SS • TA R C S

C T )F T I PM INF TARGET D E T E C T I O N S  IN NODE J
0113 N R F F = Rt (15)
01 14 NCONZ • RC (IR )
0 1 2 5  CALL  M W D I I ( R L (  I? ) , R C ( 13 ) , R C( 1 4 ) , I N JD E ( J, 1) , RC( 1 6) , RC ( I7 ) , N R E F ,

1 RC( 19), I,NTAR G, PC (4),NCON? , ACONZ,PC (20),RC (2I ),RC (22),
2 SNT NU F )

0 116 IF (AN SI .NF.2) GO T o  65
0111 11H011,= T R E , P O S ( I , S ) * R A D IA N
0118 !T VUF G = I P G P O S ( l , p )+ R A D IA N
0110 9111 n C. OPI~ * A I . O C( P C( I 2 ) )
0120 T) MN C O N V* A L O f , ( R C ( 1 4 ) )
0121 SN t ) RF—D11N
01 27 T R C P = TRCPOS (T,4).6.0802
0123 *MBNDIT = COMVS A L O G (A M A X I C A M B N ,I.OE— 7 4))
0124 X J AMDI j  = CONV*A L OG (AMAX I(XJAMN ,1 .0E— 74 ))

• 0125 SCEUT = CINV .ALOG(AMAXI(S IGC ,l.01—74) )
01/6 51 AC4 rt.ONV .AL OG (AML X T (FAC4, I .4)1—74))
Oi/ ? S P I T R U F  • 10 .*ALO (,10(SNTRUE )
0121$ P R I N T  ~0, I ,J.T IME (I),TRGP ,BHDEG,BVD EG, TCRSS ,SFAC4 .DBF ,A MBNOB

I , S C D I T , K J S M D C . S N , S N T R U E ,MFR( I)
O S / N  ENIIM • 11)(T( I)
01 30 TI ( KP I I JM.F0.f ) )  1,0 10 65
013 ! 1)0 SI K 1,KN UM
013/ RPR~ RA NI,((I,K)$ 6 .0 9 t 4 2
0 1 3  6656 • A 1 ( I , K) i R AD I A N
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0 I J 4  IF( M FP (T) .NE. O ) A A A A  • .SS(AZ (Ig2 *K ) • AZ( I,7.K— I)) sRAO IA N
0 135 SSY’ = SNDEI(I,I( )
01 36 SS SS = 2 0. .A L O C , 1 0 (S S S S )
013 7 PRINT 55,RRRR .AA AA ,S SS S
01311 55 FO RM A I ( 5 X , S D ET [ C 1  IO NS ’,4X . F 1 7 . 2 ,F 1 0.2 , 19X ,F i O . O )
0139 61 CMP ITIN I J E
0140 65 CONTINUE
0141 70 CONTINU E

C
C ME RG E DETECTIONS FOR THIS MODE

0142 CALL M FRDET (RC (I9), NTAR G,AC ON Z )
C C A L C U L A T E  ROLL AND PITCH

01 43 CALL STAB 2
C
C SET lIP D E T E C T I O N S  FIlM OUTPUT

0144 00 14 1 • 1.NTAR C
01 45 NCT • E.OET (I)
0146 IF(NCT •EQ . 0) GO TO 74
0147 BUF (3) • RUF (3) • PIC T
0148 DO 13 K = l,NC T
0149 IC’IT • ICNT+1
0150 BUFA (1,ICPIT ) = I
0151 ITUFA(2 ,ICN T) RAN &€(I,K )
0152 B UFA (3,ICNT ) = A Z (T,K )
0 153 NUFA (4 , ICNT )  = EL (V( I ,K)
0154 BUFA(5,ICN T) • 1111(1)
0155 ITUF A (6,ICP ,T) = S N D E T ( I . K )
0156 RU FA (6,ICNT)=2O. .ALOGI 0(BUFA (6, ICNT))
0157 BUFA( 7 .TCNT) • RO LLC T)
0158 IIUFA (0,ICNT ) • PITC H CI)
0159 13 CONTINUE
0160 74 CO NTIN u E
0161 75 CON IINUC

C
C CI lITTER OUTPUT FOR TRACK I NG

0162 C A L L  F - X C L T 2
0163 C C LL V R C LT 2

C
C SCAN OUTPUT

0164 TUFC 1 )  = 1St
01 65 TIUF( 2) T03600 .
0166 IT U~ C 3 )  • BUF (3) + TV
0167 3UF(4) 2 0 0 0 + I T I T L E C I )
0168 IT UF- ( 5 )  SHIP(S)
0169 ITUF(S) •
0170 W R I T E  ( T O U T )  ( B U F( I) . I~~1, 6)
0111 I F( A N S I . E Q . O )  GO TO /20
0172 T F (  !3 UF(3 ) .€ Q .0 ) GO TO 220
01 13 PRINT 56, (BUI-C1),1.1, 6)
0174 56 FO R NA I (I H U /  SCAN N UM BER= ,FS.0, TIM E= ,19.2, NO . DETECT !
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i ONS — ,F5 .0 ,  RADAR ID• ,F6.0, HEAD ING . ,F7. 2, NO. TARGE
2TS= ’,Fk.O/)

OilS P R I N T  58
0116 58 EO RNAT(ISX , 1 0 ,AX , RA NG E ,SX , AZ IM ,6X ELEV ,6X ,1 I 8E ,AX . E SIG

1 , 6 X, Rt )Li. , S X ,  P1T C H )
0 177 220 C O NTINUE
01 78 DI 250 1 = 1,N T~TRf,
0119 ‘TUFB(1, I) = I
018)) BUF B (2,1) = TRGPO S (I ,4)
0)31 BUFB(3, 1) • TRGI’OS (l,S)
018? BUF B (4.I) • TR&P~~S(I,6)
0183 BUFB(5 ,I) 11111(1)
01 84 250 CONTINUE
018c I1 (IV .EQ.O ) GO II 270
0186 DO 260 I = 1 , IV
0181 T C N T IC NT’ i
011111 B UFA C I , IC 1 $T )  • 200
0189 IF(T .LF . IC)

IBUF A ( t , I C % T )  10!) 4 NC( 1)
0190 BI JFA(2,I C PI T ) = R OU T ( I)
0141 BU FA ( 3 ,ICN T ) = AZOI JT (I)
0592 BtJF4(4 ,fCT4T) • ELOU T~~~)
0193 BUFA (5,ICNT ) • TOUT(I)
01’~4 BIJF A( 6 , IC NT )  • Sf3UT( I)
0195 B U F A ( a , IC NT ) = 2 ) l . SA L O &i O ( B UF 6(6 ,  ICNT) )
0196 ITUFA (7,ICNT) = RLOUT( I)
0197 IT 1JFA(6,IC NT) = ?TIlIJT( I)
01 98 260 CONTINUE
0199 270 CONTI N UE
0200 00 215 .0 1,N TAR (,
024)1 W P I T ~ (lOUT) (NUF R (I,J) ,1=1.5)
0202 215 CONT INUE
0203 1 !(1CNT.Fc.0) GO TI 290
0204 D O 217 J = 1 ,ICN T
0205 W R I T E C T O U T )  (IT UEA( I , J ) , J  = 1 ,8)
0206 7!! C ON TIN U E
0207 TFCAN S I .FC.0 ) GO III 290
0208 90 280 .0 • 1,ICNT
0209 PRINT 57 , ( R U F A ( I ,J ) , I  = 1 ,11)
0210 57 F O R M A T (  DETECT ION NUN ,F5.0,TEIO.4)
0211 7110 C O N T I N U E
0/1? 294) CC 9r INU F

C
C NEW SCAN

0213 1 T + R M O D L (1 , 5 )
0 .14 T E C T  .1,1. EN!I TTM) (~~ TO 110
0/ I S  GO T I  20

C
021 6 8’) C ONTINUE
0211 I C (ISTEP .Lt.41100 ) (.0 1(1 20

5-

- -

133

~~~~~~~ - 7 . . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~- 
:~- - - ~ - ~~~ - ‘ =

~~~ /I~~~~~~~~~~~~-~~~~



THIS PAGE IS BEST QUALITY P LCTIC,&B~~
FRUM COPY FUE2iISHED TO DDC _~~~~~~~~

-
~

DAVIS AND TRUNK

0218 110 ISTF P=IS T IP—1
0219 3!) ! C O NTINUE
02 20 X J A MN = O.

C R E A D  IN R ECYCLE CO NTR O L P A R A M E T E R
F. IA NS =1  (SH IP), r ? ( T A R G E T ) ,  = 3( INV IRONMINT), 4 ( F INISHED)

022 1 R EAD 5/ .  IA NS
022? GO TO (S ,I0 , 1 1 , i A O ) , I A N S
02 fl 140 CONTINUE
0 724 13 ( 0  CONT INUE
0225 Au F O R M A T  ( / / , T X , 800E ,42X, SI& MA ,I, TA R & € T ,9x, 1111L RANGE

I,o X , A ?IM EL IV FACTOR ESI G NAMB MCLI NJAM
2 (/N M E N

0226 5’) FORM AI ( IX,214 ,F11 .I ,F1/.2,F10.2,Fl)).2,F5.2,F5.0,F9.O.3F8.0,F9.2
1,17 .? ,  15)

0227 60 FORMAT (1x,141(1x,s(F1.1,F7.5)))
02 28 END

S.
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O O CI SUN R OUT INE FX C L T 2
0302 COMMON NSCAN, N E X T  ,NUM T G T .T ,OIDT ,FN DT IM ,SMOO E ( 3 0 , 2 0)

1 ,PI,PIOV R2 ,TWO P I ,RADIAN , TAU (30) ,OSTAR ,OWL(30)
P ,XYZ 1(20.4 ),XYZ F (20,4),TRG PO S (20,7),SIGJAM(20)
3 ,S I G T A R ( 2 0 ,3 ) , FHV( 20 ) . S TG MA H 1 I S W I T . T E M P W R
4 .SHIP (9).RC (30),RMODE (30,12) , IMODE(30,2)

0003 CO MM O N / FCIN/  N,PROB , RS, RF,T HS,T HF , S I G A . SX G R , IS ET
0004 COM M ON ~FCPT/ R (100),AZ (100),RAN C4 00 ),N2,N3 ,N4
001)5 COMMON /CLTOU T / ROUT (201),AZOUT (201 ),ELOUT(201),TOUT (2O1),

1 RL I5U T(2O1), PTO UT (201),SOUT(201),NC(100),IC ,IV
0006 C O M M O N  /STABIN / R M A X , P M A X ,RFA C,PFA C ,PHASE(2)

C
0007 IC-TI
0008 IF (N.EQ .0) GO TI’ 15

C T IM Z B  IS THE TI M E OF THE ZERO BEA R ING CROSSING
0009 T1MlB = T*36 00.

C T IMS CN IS THE SCAN TI ME OF THE RADAR
011 11) T IMSCN RMO DE(1, c )*3600.

C R E S IS THE R A N G E  GATE SIZE
0011 R F S=PC (19)
0012 CALL S E T V R ( I S E T )
0013 CALL V R A N F ( RA N , N 4 )
0014 ISET • 2147483647.*RAN(1 )
0015 ISE T = 24(1511/2) + I
0016 DO 20 1 1,N
0017 IF (MAN (1).GT.PROB ) CI TO 20
0018 IC .IC +i
0019 NC (IC)=I
0020 T H = R A N ( I + N ) S T W O P I
002 1 R A Y  = S Q R T ( — 2  .*A L O G ( R A N C I + N 2 ) ) )
0022 K •(R ( I)+SIGR*RAY .COS(TH))/RES
0023 RO U T ( I t ) = ( K + O 5 ) * R E S
0024 T O U T ( I C ) = T I M Z I 1 + T T M S C N * A Z (  I) I TWO P I

C
C GENERAT I ON IF ROL L AND PITCH
C

0025 -~L0U T ( 1C ) = R M A X * S I N ( T O U T (  IC) * RFAC+ P~IA S E( 1) )
002 6 DTi5UT (~ C ) P M AX45fN (TOUT (I~~)ePFAC ,Pp$AS ~ (/))
0021 C R . C O S ( R L O UT ( I C ) )
0028 S R = S I N ( R L O U T C I C ) )
0020 C P — C O S ( P T O U T ( I C ) )
OA 3 0 SP=SIN(PTOUT (IC) )
00 31 64= 6/ (I)—SHiP(S)
04 ) 32  TE=).
0(033 X SIN (AA)*C R ,(CUS(AA )*SP ,TE*CP )*SR
003’. Y.C’IS (AA)*CP—TE .SP
003S A =A T A N ? ( K ,Y )4TWO P J

C ‘.1 N I R A T L O N  OF N I A S U R I D  AN GLES
C

0
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O O 3 o AM = A , S I G A * W A Y * S T N ( 1 I 1 ) 4 S H T P ( 5 )
0037 ‘L0UT (lC)~ 0.0
00 18 41001(IC) AMOD (AM ,TWOPI)

C ..s ....... NEE D TO G E N E R A T E  O UTPUT POWER • .*•,.,s ....s.
0039 St3 (JI( IC)=55.55
004fl ?fl CONTINU E
004 1 4FTUHN

C
C I N I T I A L I Z A T I O N  OF- THE C L U T T E R  ROUTINE
C

004? INT IT Y FCIMT
004 3 P 1 4 0  s ; , I S E T , N , P R 0 N , RS, R F , S I G R ,TH S , T H F , S I ( , A
0044 SI! F O R M A T  (2 I8 , 7F8 .~~)

C. I-SIT IS INC INITI ALIZATION NUMBER F-OR THE RANDOM NUMBER GENERATOR
C N 15 THE N U M R E R  OF FI l ED CLUTTER POINTS
C PROII IS THE P B O B A B I L I T Y  THAT THE CLUTTER POINT IS DETECTED
C 11’ . 16 THE I N I T I A L  RANGE OF TH E CLUTTER AREA
1. RF IS THE F INAL RANGE OF THE CLUTTER AREA
C S I ’~R IS THE S T A N D A R D  D E V I A T I O N  OF THE R A N G E  MEA SUREMENT
C AS A P E R C E N T A G E  OF R A N G E  R ESOLUTION CELL SIZE
I. 1 1 4 5  IS THE I N I T I A L  A Z I M U T H  OF THE C L U T T E R  AREA
1. THE IS  THE FINAL AZIMUTH OF THE CLUTTER AREA
C S I G A  IS  T HE S T A N DA R D  D E V I A T I O N  OF THE A Z I M U T H  M EASUREMENT
C AS A P E R C IN T A G E  OF H O R I Z O N T A L  308 B F A M W I D T H
C

0045 PRINT 55,ISET,N,PK0B,RS,RF,SIGR ,THS,IHF,S1T,A
004 o 65 F O R M A T  (1H0, F I X E D  CLUTTER ,2 18 , 7 F 8 . 3 )
0047 CA L L  S F TV R (ISET)

C CALC ULATI ON OF- RANGE CELL DIMENSION
C

00411 RI S-TAU( i) 4300000 ./2 .
0049 R[~~=Rt5s3.?R08/6.0R

C RC(19) RES RANGE RESOLUTION CELL SIZE
0 051 W C ( 1 9 ) = l ! c S
0051 IF (N.IQ.0) GO 10 15
0 (057 PS RSF6.09O?

R F = R F/ 6 . 080?
0054 TH S= TH Se ’RAU I AN
0055 T H F . T H F / R A D IAN
006.6 ‘.I~~A~ S1 GA*RC(4)
0067 5I&R=S If,RSRES
0068 If (N.GT.iO)) 11=100
00 6’) 9? 2* 11
006(1 0I ~~4tN
0061 114”*N
0 06 ?  C A L L  V R A N F ( R A N , 1 1 ? )
00 6 3  151 1  ? 1 4 7 4 8 3 6 4 7. . R A N ( i )
0066 151 1 • ‘.(ISETIP) + 1
0006 II’) 10 1= 1 .11
0066 - ‘ ( I - P S * ( R ~ — R S ) * R A N ( I )
0061 1’) A 1 ( I ) = T H S . ( I H F — T H 5 ) . R A ~ ( I , t q )
0068 1~’ RI TURN
01)69 I N!)
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0 0 0 %  SUO R M I IYTNE 7 ’ I IT A L
0002 (0tM€65 T01. A M O O f ( 3 (, , 2)

0003 COMM~ N N S CA N ,9EKT ,NU M TG T .T.8L1)Y .E9flT !M .511801(30 .20)
I ,PI .P IOV R ? ,T .O p I , R A 0 Z A N . T A U ( 3 0 ) . 0 S T A R .t~~L ( 3 0 )
2 , I Y Z I ( 2 f l , II), X V 2 , ( 2o , 4!), T R G P O S ( 2 0 . 7 ) , S I G J A H ( 2 0 )
3 , S I G T A R ( 2 T I , % ) , c $V ( 2u) , 5 T G ~IA u ~I , I S w I T .? ENPWR
40 ,3$?P (Q) .PC(30).R*~8D1 (30, 12). IMODE(30,2)

( 001! CAHM ~~~/~~~ E* J V I R (  I 0 ) , S U I ICC 3 O ) , R1.C NM , CC M . *C BN ,B ITA ,
0 T)MTP(2O),POLPZ , I0EYF .RKT0M5. HTOM ,T*MCS.MVL, POPI Q8,~~OMX $0

0005 C~~~11~ N/ I/ PB RS, H k , TW F TRK ,0PD~~~N ,T14H ,TMV ,GN
8 CC tO )s~ 40 , C’ I . 3 8 e % Ø ~ O* *  ( — 23)

C X V 1 SsI~ C OOPOXN& TES
0007 ~E A (0 SO , (514!P(I).!sI,;), SHIP(S)
0008 50 EOPM *T (qF8 .p,I2,rb.2)
000Q PPTNT 501) . ( S I I I P C X ) . I . I . 3 ) ,  S H I P (S )
001f) 300 F ’PMAT (/. ’ SHIP N ,Y , Z , C O O R D I N A T E S  ARE ‘ ,3F6 .3, 8X , 1M E4r! T F) G I3~~,1 F1! 3)
0011 M I L I S N S I .0E46
0012 0~ ;n Tu %,3
31 053 30 Su .sIP(I).SHIP(!),b.o802
00!!! P7.3,IOo ISQ pbS3b
310 ,5 Tw ’PI.~~I.2,0
0016 PI IV R2  •Pl /2 . I)
0011 PAOIANUS7.29578
o018 swIp (o).Sr~aT (ewID( ;)j
0019 SHIP (S) • S N I P ( 3 ) , R A D I* N
0020 READ SI) ,(RC(I),I.I,9),N$C A*1,POLR Z
0021 IP(NSFAN .LE. 30) GO TO 10
0u12 N SCA I- • 30
3023 10 C f”4T IH(’E
0024 PR INT L 0 1 , ( R C ( I ) , T g 1 , q ) , 4$ t A 5 , PO L RZ
0023 503 ~OR M AT( I I Ii PASI C RA D A R  PA RA TM E T F R S ARE
0026 RC (4).RC(4),R*DI *N
0027 R C ( S ) . R C ( S ) / P I D I A I
00 28 1148.PC(44 )
0029 tsv.RC(5)
0030 NC (4)U I 0..(~~C(6)/1 fl .)
00 3 1 GNSR C (4 )
0032 ~C (3)uI Q .’a(”((3)/1O.)
o033 RC (73a l0 ...(=PC (7 )/20.)
0034 R C(M)uI 0.* .t—RC (8I /I0 .j
u035 R C (9)u ifl ...(•RC (9)#I0 ,)
u036 ~8r)8.N • RC (7)*8C17)
0031 00 8U .1 • l. l ) S CA N

C PkiP’)~~(l ,5 )  15 US E! ) ‘ .5 R A D A R  S CA N RAI l  FPR AL L MODE S
0038 R EAD SI ,(RMO0 ((J ,I ),1e,,5).AMO0L( J, j),RMO DE (J ,3I ), S ’ JP C (J )

• .lIMO TIE ( J ,  I?) .001(J) ,3M ,S’~OflE(J,23
i i  I~~RM, T( I(;88 5 2)

uO4!0
uo~~i PR IN T SI I.J ,(RM ODE( J ,t),Iu ,,5 ) .IM OTI I (J ,%) ,PMIDF( J ,l3),SU R C (J)

4!
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IS BEST QUALITY PBACT1C~~~I

~~~~ 
F1iI~~I~~~

-.1
~ 

TO LD C ~~~~~
-

DAVIS AND TRUNK

4! ,RMODE (J , 12 .DWL. (J),SM .SMODE(J ,2)
00*2 iii PORM *T (/, ’ lb #005 ‘.13, ’ PAP *#EYEP$ A RE ‘.S19 .3,Ie ,/,soY ,6r9.3)
004) ~P (PMODE (J ,3),Gt ,O.0) QO TO 33
0044 P M O O F ( J , 3 ) i I 0 , fl
00*5 53 PMOOE(J ,3 ).RMODE (J,j)/,ADIAN
00*6
0047
ooae
00*9 SMOOE (J,3) • I0 .aa (.$MeDE (J ,i)/10.)
0030 P M O D E ( J , 5 ) u u M O D ( ( J , 5 ) / ) 6 0 0 , 0
003 3 PRODS (J,o)uRMADt (J ,b)/)600 .0
0032 IMOOE (J, $)uIRO05(J ,a )/MILION
00 33 I M O D I ( J , S ) . l o .a .( .Pw0 D t ( J , 5 ) / I o . )
005* IMOOE (J,)).IHODE (J,)).MILION
0055 TAU (J) •
0056 IrCRMOD I J,I3),LE.o) RMOOE (J ,33) • 1 .O / R M O O I ( J , 1 1 1
0037 PNO05(J,13) • NMODE (J,33)eMIL!ON
0035 IMODECJ,2 ).M**i(RMO01(J,I2)aR~ 8Dl (J,l1)/#ILION +0 .3,1.0)
0039 PMODI (J,II) • I0 .• a ( — P # ~~)0060 SUSC (J) • I0. *.(.SUS C( J ) / I O .)
0061 60 CAP4? IN I’E

C
C REA D I~ P*RA ~ ETEIS POP MO V ~ N~ 81110011 DET ECT O R
C PC ( t 5 )  s P115M • NO , PEPERINCE CELLS ON EAC H 5101 OP ?A Ø G ET CELL
C ~C( lb )  • t0~ • C L UT T ER CO RR E LAT I O N COEPPICT E NT
C I c (~~7) • P510 • NO. STAN DAR D D EV IA TTON S USED IN TWRLS$8I. D
C Ic (~ 5) • NCOP’il • ‘10, Or DETECTIO NS 71447 CAN SE M ISIfO A ND
C OSTICTI ON S STILL *‘ RGlo INTO A S1~ 0L1 D ETEC T IO N
C •~~(~ Q) • RESOLU T ION CELL SIZE ( CALCUL AT ED )
C •C (iO) U *100 • VIDE O VV ~E
C 0 L!NE*~ V ID EO
C I LO~ VI DEO
C •C( P I)  • 7148514 • 1.0 , Op REPE PC1ICI CELLS USED
C 0 ALl. CELLS USED
C 4 0 SMA LI 5I HA L P uftO
C ~ 0 LA RG ER ~A LP USED
C °C(fl) • P~ RM • $RAM E? ERS USED TO CALCULATE ?MP ES~ OL D
C t M EA N 3)510
C 3 M5’ .R AND V AR IA N C E USED
C

0062 R E AD T o . R C I , 1 s l S , 1 8 , (R C ( ! ) , I.20,23)
0O~~ 70 roRM * T ( IoR8 .2)
sOb ’ PRINT 700, ( R C ( I ) , t e j 3 , lO ) ,  (RC ( 1), Z.?0,32 )
0063 700 R O R M A T ( I M 0 , ’ A DDIT ION AL R A D A R  P’ .p 4M 5?fR5 ARE ‘,TPO •3/)
0066 1573)011
0067 5110

- ~~~~~~~~~ 
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t’WTI ?AO!Is B~ST QUALt TY PPACTICABL~
NRL REPORfl~~~~Jr Y k? 1JRN ISHJ~D TO DDC -—

000 1 SUBROU T INE M ER DE T (RES ,N ,ACONZ )
QOi)2 C OMMON /DlY ! N F ) E T ( l 0 ) , M I R ( 2 0 ) . P A N G E ( ? 0 , 3 ) . A 1 ( 2 0 , 6 ) , S N I ) I - T ( l t , I

I 1I(V(2O,3~ ,TIM( (20)
0003 DIMENSION 1TARI6O) ,k0ET (60) ,KTR R (60),k0TT(60 )

C
C RES IS T HE RANGE RESOLUTI ON

• 
- C N IS THE HUM M E R OF TARGETS

C ACIINZ IS THE ANGL E IN WHICH TARGETS ARE M E R GE D
C

0004 1=0
0005 00 30 l= 1,N
0006 IF (M (R(I) NI.— i) GO 10 30

C HAVE A ME RGE PL O RLE M AND AN ORDE RIN G DETECTIONS IN A Z I M U T H
0007 II~ N DET (I )
0000 IF (II.E).0) GO tO 30
0009 4)8 25 1-1.11
0010 TI (k.GT.0) GO 18 10
0011
001? k TAR (I )~ I
0013 ITDET (1).J
0014 GIl 18 20
00 16 10 *=AZ(I,2.J—I)
0016 DC 15 88.1.1
0017 II (A.Gt .Ai(KTA II (kK) .2SKDET(Kk)— I)) GO TO 15
00 10 IC— fl
0019 DII 12 JJ=kk,4!
0020 kC=KC + L
0021 ITAR (K .2—KC )-KTAR(K’L—KC )
0022 KDET (I.2—XC) KDFT (k+1—IC)
0023 12 CONTINUE
0024 KT AK (kK )—I
0025 IDI T (KK)=J
00?”, GO TO *8
0027 15 CON TINUE
0028 ITAR (841) 1
002’~ KD ET (14 1) .J
003 0 18 1=1.1
00 1* 70 CONTINUE
00 52 25 CONTINUE
0033 30 CONTINUE
0044 IF (K.GT.l) GO TO 40
00$ IF (1.10.0) 60 TO 35
0036 I=ITAR (1)
0037 *l (I,I)=(AZ(I,2) .AZ(I.1))l2.
0035 35 M F TU PN
00 59 4’) CONTINUE

C
C DECISION MADE ON Till PR OPER DET E CTIONS
C

0040 4 K 1

5-
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TBIS PAGE IS BEST QUALITY FRACTICA~I~
~~~~~~~ Z RN 1~ 1i~.i TO~~i)Q _.......‘—

DAVIS AND TRUNK

0 1 ) 4 1  K C~~0
00’.? 05 100 JJ.2.K
OO4j T~~KTAR(JJ)
01)44 J KD ET(JJ)
11045 05 40 [.1 ,11
UlJ4/ , IF (AB S(RAN GF (I,J)—RANGE (KIAR(L ) ,KDET(L ))) .I.T.l.5.RES ) GO TO 60
0647 IF (A 7 ( K T A R ( L ) , I* I ( O F Y ( L ) ) .A C O N Z . L T . A Z ( 1 , 2 .J ) )  GO 16 60
00413 60 TO MO
0049 6’~ CONTINUE
0050 IF (KC.EQ.0) GO TO 15
0 05 5  DC 70 L=1 ,KC
005?  IF CARS(PAN G€(I, J)—RANG I (KTRR (L) .6DTT (L ))) .GT.1.S*RES) GO TO 70
0 06 3  IF (A Z (KTRR (L),.’*KDTT(L) ) .L I .A? C I,2SJ)) GO 15 10
0054 60 TO 80
0055 10 CO N T I N U E
0066 76 61.61+1
0061 KTAR(kk) KTAP(JJ )
0058 X D E T ( K K) = K I )E T (JJ)
0059 60 TO 100
0060 80 RC-K C s I
0001 K T R R ( K C ) = K T A R ( J J )
0062 IDTI (K C ) U K D I T ( J J )
0063  IOn CONTINUE

C
C C O R R E C T I O N  OF I7IJT PIJ T A R R A Y S

0064  
- 

05 110 I 1,N
0066 IF (MERCI).F’J.— I) NDFT(1).0
0066 L 1-J CONTINUE
0061 (III 150 6~~1 ,KX
006$ I= * T A R ( K )
0069 J=KDE T (K )
0010 II NDI T (I)G1
00 71  N D E T ( 1 ) = II
001? PANG ((I.II)—RANGE ( 1 ,J)
007 .1 S N O E I ( I , I I )— S N O ( T ( 1 , J )
0074 A /C 1 , 1 1 )— C A / C l  , d*J ) ’A Z (  I ,2 *J—1 ))12.
0015 160 C O N T I N U E
00 16 III TURN
0071 1111)

5-
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THIS PAGE IS BEST QUALITy P ACZIC.g.~Bi~7RK .M Ctjr y FW~~j  SHJ ~JL TO DDC
NR L REPORT 8228

0001 ~U H$ 6 I ) T I N E  MUll! I (~~,C, FN, N3DR,C 0R,FSIG,NREV- ,RES,N T A R .N,TH30l3 .
1 NCONF . A C O N ! , X L O (, , I H R S H , P A R M , S NT R U I )

000/ CO MMON / f l E T ~ NDET C 2 O ) , M ( R (2 0 ) , R A N G E (Z 0 , 3 ) , A 1 C 2 0 , 6 ) , S N D (T ( 2 0 , 3 ) .
I IL l 1(/0, 3),TIME(20

OO C 3 COMMON N~ CAN ,NFX1 ,NUM TG T .1,0101 ,ENT)IIM ,SMCDE (30,20)
1 ,PI, PI OVR? ,TWOPI , RA DIAN,T A U (30),DSTAR ,13 5.l(30)

,XYZI(?O ,4),XYZE (/0 ,4),TRGPOS (20 ,7),SIGJAM (?0)
3 , S I G T A R ( ? 0 , 3 ) , F H V ( 20 ) ,S I G M A H .I S W I T . T ( M P W R
4 , S H IP(9 ) . R 00 0 ) , R MO D E(3 0 . 1 2 ) , I M C DE C3 O , 2 )

0004 COMMON /MDD/ MODEI( 20)
0006 )IMENSION PLUC T C4OI)
0006 D I M E N S I o N  S N R E F ( 2 0 ) , I N F ( 20 )
0001 DIMENSION 1(40 1 , . 5 ) ,SS(401, 25 ) ,SUM(25 ) , IS (25 ) ,R (1204 ) ,  10(3)
000$ DIM E NSION 0(14 ),IC( l4),XF IR S TC L 4 ) ,XLASTC I4) ,IDE T (14),SN(14)

C
C S IS T IlE SIGNAL POW ER
C C 15 THE CLUTT E R POW ER
C FN IS THE N O ISE POWER
C 1131)15 IS THE N UM BE R OF PULSES B E T W E E N  THE 3—OB ANT E N N A  POINTS
C COR I THE CORR E LATI ON COEFFICIENT CF CLUTTER
C FSIG NUMBER OF STANDARD DEVIATIONS USED IN CALCUL A TI ON OF THE T H
C NR (F IS T HE NUMBER CF REFERENCE CELLS ON EACH SIDE
C R ES ES IHE RANGE RES OLUTION CELL SIZE
C NT* K IS THE TARGE T CF INTEREST
C N IS THE NUMB E R OF TARGETS
C IH3013 IS THE A N T E N N A  3—DO ISEAM W I D TH
C N CON / NUMBER ITT DETECTION THAT CAN BE MISSE D AND D ETE CTI O NS STILL
C MERGED INTO A SINGLE DETECTION
C AC ON? IS THE MERGE D ISTANCECN CIIN Z) IN ANGLE
C XLO(, DEN O TES WH E THER LINE*R( ILOG—O.O ) OR LCG (XlCGsI .O) V IDEO IS USED
C THRSH DENOTE S WHI THER ALL THE REFERENCE CELLS (THRS I’ =0.0) , THE
C SMALLER HAL F (THRSH (0), CR THE LARGE R HALF(TH R SH>0) SHOULD BE USED
C PAR M DEN O TES ~HE TH FR THE MEAN AND VAR IA P4 CE (PARM .2 .) OR JUST THE
C MFA N (PARI’l .) SHOULD ME USED TO CALCULATE THE THR E SHO LD
C S N T 1 U t  R ET U R N S  TRUE SIGNAL IN CI SE RATIO USED
C

0009 IF (N301%.LE . 94 .AND .NREF.LE .10 ) GO tO 3
0010 PR INT 50
00 1* 50 F O R M A T  (IHI , EITHE R N40s OR NREF ARE TOO LA RG I )
00 1/ STOP
0015 5 IF (A ISS(COR ).Lt .1.0) GO TO 4
0014 PR I N T  55
0015 SI F O R M A T  (IHI , ~M R R E L A T T O N  COEFF ICIENT IS G R E A T E R  O R EQUAL TO V )
0011- STO P
0017 4 C ONT INU E

C
C TES T TO SEE IF T H E R E  IS ANY CHANCE OF A T A R G E T  D E T E C T IO N

C
0(1)1! SN INT ’ l i ’ ) B* S/ (C iFN )

- 
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THIS PAGE IS BESI QUALITY ?~A fltM~~~ -

V}~$.M COk’Y 
FURL’E-ISH~

) TO DDC
- DAVIS AND TRUN K

0 0 1 1  II (SNINT.GT .2) 611 TO S
DO/I)
0021 SN TPU I 10..*(—9.9)
0 0 / /  R E T u R N

00.”. IN I-( 1 )=NTA R
0025 N k I F 2~~2*NREF
00/ 6  CALL RESO L(N REI  ,RtS ,NT* R ,SNREF , INF ,Nj,TH 3DIS,N)
00/1 CALL VRA NF (R 11)
00?~1 ll1L~~VH3OB/(N3DB.1)0029  ‘.C’)N/ =OEL .NC CN/
0 0 3 0  A/1 M .TRG PCS(N TAR ,5).(R(1)— .5).DEL
003 ) A / I N S = A Z I M — 2 0 3_ .DEl .
0032 Kât S~~TaGP OS (NTAR ,4)FRES
0~I 33 R 5= RES*KR S— 13. *P (S

C
C • 4 + 4 G 4 + + 4 4 4 + G 4 G 4 + 4 + $ 4 A G + 4 ! 4 4 !~~~G 4 ! 4 ! 4 ! 4 + 4 ! 4 ! 4 ! 4 !• +4 4 ! + + 4 ! 4 4 , 4 4 j , 4 , , , , . . . . , , , , ,
C
C GENERATION OF SIGNAL VALUES

(• + + • $ 4 • ê 4 + 4 +4• .$$•+++••+$+, . , , ,G4, ,. . . . . . , . , , , , ,4 , , , . ,,, , , , , , , . , ,.

54S 20 1 _ 2.N3D B_ 2
NE =201+2 *11308

I-, 11115= 1 5--NR (F—2
(ill NRF~~13sMR IF .2

00 311 DI! 1 I.NRS,NRF
f) f 59 J S C I ) = 0
0040 DC 1 J=NS.N1-
0041 1 SS(J ,I)0 .
0042 1811161.0
004 3 90 40 (~~1,N1
0044 UR TRGPOS (INF (K),4)
0045 K R = ( R R — R S) /RFS
0046 IF (K.EQ .I .OR .Kk .&T.14.0P.KR.LT .10) GO TO $
0041 IMI R I,L=1

C
C 1-LUC TI JA TINE, SIGNA L
1.

00 411 d NSW—IODEL(INF (6))
0049 II (NSW.&T.0) GO TO 1~01160 ) L~~1.O
0051 9 III 10 J.NS,NF
006/ III FLI JCT(J )— FL
0 0 6 5  &.O T~ Ill
0064 11 1,0 TO (12,13 ,I5 ,Io),NSW
0066 1? rA IL  V P*NI- (P.1)
0651. UI. —AL OC. (R(I))
0061 68 TI ‘)
011513 Ii I=NF .I—NS

- - S
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tltTs PAGE IS ~~~ Q~iALtri P ACTIcA.BI~
NRL REPORT 82*~ ‘.~ Cu. ~

‘ i’ j~ -~~~1 fl~ J I (  DDC

0669 CALL VRA N F (R ,P )
006-i KI S O
0061 ))I! 14 J=N S,NF
0062 ~k = K 1 + 1
0063 14 FLUC T (J) —A L O G CR( KK ))
0064 615 TO 171
0065 16 CALL  V RAN F ( 1 1 . 2)
0066 F L = — .5 * (A L O G ( R ( 1 ) ) +A L C G C P ( 2 ) ) )
0061 (.0 lIt 9
006$ 16 M~ NF .1— N S
0069 M2 .2.M
0070 CALL VR A N F (R ,M 2 )
0011 66.0
0012 DO 11 J=NS ,NF
0013 61=16+3
0074 11 FLUCT C J) — .S*CI4 L ITGC R(Kk ))+ALOG(RCKK+M )))
0075 111 CONTINUE
0016 00 35 1=1 .3
0077 K T K R + I — 2
007$ IF (KT.LT.NRS. OR.KT.GT.NRF ) GO TO 35
0079 ISCK T )—1

C
C M ODU LATION CF 5114(X)/I PULSE SHAPE
C

0080 R T E M P  • KT*RES ,RFS/2. +RS
0081 FD1 F=2.183 2 * (RR— R TEMP )FR FS
0082 E~~1 .
00 133 IF (FDIF.EQ .O) GO TO 18
0084 F .SIN (FDIF)/FOIF
0085 18 F F*F
00136 SM~ F*5N RfE ( I )/ (C+FN)

C
00137 AA .TRGPOS (LN F (IC) ,S)
0088 N C=( AA — A /IM)~ OL L + 2 0l
00139 NRFD = N A X O C I , N 3 0 8 / 1 0 )
0090 IF (1.1.1.2) NREO-0
0091 NNS .MA XO(N S ,N C— N 3D15+N RFD )
0092 NNF = INO (NF,NC+11300— NREO)

C
C M O D U L A T I O N  Ill S1N (X) /X ANTEN N A  PATTERN
1’

.)091 DC 20 J .NNS ,NNF
0094 r,nTr=2 .18 52 * (J*DFL.A ZIP IS—AA )/TH308
0095 6=1
0096 IF (GDIF.EQ .O) GO 10 19
OO~ 1 r.= S IN (GDIF)/GOIF
0098 19 r,=6s.4

C
C •..*. NOTE • T A R G E T S  A PI ADDED N O NCOH E RENT L Y *.*....*
C

‘ - 5
- -
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THIS PAGE 15 BEST QUALITY FRACTICABLZ

ie~~~u Curl FURNISHI D TO LD C
DAVIS AND TRUNK

0099 SS (J,kT)=SS (J,KT),SM*6.FIIJ (. T (J)
0100 20 CON T INU E
0101 35 C O N T I N u E
01 02 40 CON T I N U E
010 3 SN E RU E • 0.
01u4 P455 = 20 1 — CN 3 U B— 1 ) / 2
01(’5 NSF = 701 • 113DB/ /
01 06 DO 402 J N SS,N SF
010 7 40? SNTRIJL SNTRUF 4 S’~(J, l3)/ N 3 08
010 8 DC 41 1=NRS , NRF
0109 IF (IS(I) .EQ.0) GO 10 41
01*0 41 CONTINU E

C
C • * + + + + + • + • +f + + + 4 + $ + + * 4 + + + + 1 1 4 i + +~~ ,+~~ + 4 4 + + 4 + G G 4 4 4 $ 4 4 4 4 $ • 4 4 4 4 +, f , 4 , 4 ,

C ‘. I I 4 E R A T I O N  OF NOI SE SAMP L E S
C
C • + ê + + + $ + 4 $ + + 4 + $ $ $ + 4 + + 4 + 4 ~~ f + • • *4 ~~ + • + + + f 4 • •~~ • $ + + + 4 4 4 4 $• + • s 4 4 • G • • • 4 4~~
C

0111
0112 M 2=?*M
0153 M 3 . j * M
0114 144= 4*11
01 15 TI (‘43015*C •CT.FN ) GO TO 100

C
C C L ( JTTER IS NOT A F A C T O R
C

01 16 DC 90 T = N R S , N~ F
O il? IF (IS(I).(~~.1 ) (.11 1-3 15

C
C NC SIGNAL PRESENT IN THIS CELL
C

OUR CALL V RA N F  (11,11)
0119 k-A
0120 00 611 JrN S ,NF
01 21 6 = 1 . 1
012? % ( J , T ) ~~S Q R 1 ( — 2 .s ALO T .( R ( k  ) ))
012 3 61) C O N T I N U E
0124 GO TO 9’J

C
C ~ I6NAL P 13 1-SENT IN T I lT S C E L L
C

0125 76 CALL V R ANF (R ,M/ )
0126 K - - u
0127 00 81~ J=’IS,NF
01/Is 6=6+ 1
0 129 A~~S ’ ) R T ( — ? . .AL C G ( R ( k ) ) )
0130 3 14OP1.R (k.M)
0131 Y (J,I ) SORT C (A.CO5(B)+S QRT CSS( J . t))*1.414).S2. (A .SIN(B))s.2)
013? R~ C ItNTTPIIIE

I

‘- 5
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N R L  REPORT 822 N

01 44 9’J ( 0 N T 11,IJ!
01 54 6 ’

c ~ flI$ PAGE IS BEST QUAL ITY PBACXIC.A.B~~C C.16! TIP IS A F 4L T 1~QM OGPY PU IsHF4D TO 1~.DC _ ___—~

0 1 3 6  106 A O L u X = S ~~’ T ( C / f C . P N ) )
0136 1.C=A1I )~/
0 1 3 1
0 1 3 1 3  ‘ = ‘,.PY (I  .—C OR. OI~
01)9 UI 160 I = NRS . NI4 I-
0140 C A l l  V R A N F  (I) ,? )
0141 A l l O y -  C C . S T N ( T ~~~ P 1 .~~( 1) ) s S a R 1 ( _ / . . A L r 1 r ( p ( . ’ ) ) )
0* 4/ A OL DI= £C*I5’’~(T4O5’Y.’(1)).SQPT (—?...6L,r (R(,)))
O14~ C A L L  V R A P IF (R ,’4)
0144 F -I)
0345 0f I/’ 1 115, 141
0141.
0147 A = S Q I 1 T ( — 2 . * A r O G ( P ( F ) ) ) . C C
01411 A 1 = S Q P T (— / . *A LO((k (K4M )) ),FFN
014’) Ij T W O P I * P ( K , M/ )
O lS u I3 1 =Tw O I’ l . R( K . l ’  )
0151 AITLUx - C O R * A O I J  1+0 s 4 * C O S ( R
015 2 * 15103 ~C 1 P* A O L Q Y  ‘P * 6* 5  INC i~)
0 1 5 3  x ( i , 1) = S Q RT ( (A o L f l x +A 1 . Cr 1S (o 1 ) .S Q R I ( S s ( J,j ) ) , 1 . 4 1 4) . . ,  +

I ( A O L O Y . A j  4 S I N ( l 5 1 ) )* .2 )
0 1 5 4  1/0 L I5I E IPdUI
0166 ISO (.INTUIJ! IE

C
C 4 4 + I • 4 4  4 4 4 ,  + 4 + 4 4 4 + 4 4  + + 4 + 4 + 4 4 4  + 4 , , ,  + + + 4 4 4 +  + + 4  + 4 4 4 4 4 4 4 + 4 4 4  + + 4 + + 4 4 + 4+

C
C 6 1 N r R A T 1 ~~P, lIE M O V I N G  IIINDO W

C + • * 4 4 + + + • + * 4 4 + 4 + + 4 4  4 + 4 4  4 . 4  + 4 4 + 4  4 4 4 4  + 4 + 4 4  4 + 4 +  4 4  4 4 I 4 4 4 4  + 4  + 4 4 , 4 + 4 + 4 +

0 151, ~ I’I r~ • S * N S , N 3 O I S — 1
0151 ii (ILOU,.ll’ .0.0001) 615 1-’ 210

C
C IJ ’,I L OG VI F I F O
C

01513 ) 1~ / 0 5  J=O~. , I’.I
016’) 1 / 0 6  1 - P.4 S,NI’ l
0 16 0  20’ 1 ( 1 , T ) : A t 0 1 , ( X ( J , T ) )
0 161 ‘ 5 0  ‘ M T I P I U ’
OIl! 1)! 7- .! J = ’-.P’,.214,
0165 241 GI TINI!F
0)64 IC h o  I N )S ,NPI-

0I1.iS 5)1 /10 J=P.S,M 5
01161 1.-’’, S II M ( I) r S ( I M ( 1)+ X ( J ,I )
01 654 ~5 M 5 4 ~~

5.
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DAVIS AND TRUNK

THIS PAGE IS BEST QUALITY PRACI1C~~~~

0169 11 = 0  ~~~ co~ 
j~ 1th~I) TO D1~~~ 

__
~~~~~~

0170 00 2135 J=N S ,NF
0171 DC 225 I=NRS .NR F
0172 /26 SUMC I)— SUM( I)+X(J , I)—X (J—NI D 8,I)

C
C GE N E R A T I O N  OF THE DETECTION THRESHOLDS
C

0173 011 250 1=12 .14
0174 ULCIW = 0.
0175 UUP=0 .0
0176 XMSLOW .0 .0
0177 XMSUP O.0
0178 DO 230 I= 1.NRE F
0179 IJLOW =UL OW .SUM (L—I — 1 )
0180 UUP UUP+SLIM (L+I+1 )
0181 XMS LOW XM SLOW +SUM (L—I— 1 )S*2
0182 23 15 XM S U P X NS U P + S U M ( L ,T 4 1 ) * * 2
0 1 83 IF (T MRSH . NE.0 .0 )  GO 10 235

C
C USE ALL REFERENCE CELLS
C

0184 U= UL CW + UUP
0185 XMS .XM SLOW +XM SUP
0181 D (L) U /NR EF2+F SZG *SQRT (XMS/NR EF2—( U /NREF2) *42)
0187 IF (PARN.GT .1 .S) GO TO 250
01813 D (L)=FSZGSU INREF 2 -
01 89 IF (XLOG.LT .0.0001) GO TO 250
0190 D (I) FSIG4U /NR(F2
0191 GO TO 25 0

C
C USE E I T H E R  MIN( IHRSH<0) OR MAX( T H R S H) O )  R EFERENCE CELLS
C

0192 235 IF (THRSH.LT.0.0.AND .ULOW .LT .UUP) GO TO 240
01 93 IF (THRSH.LT.0 .O.AND.ULCW.G€ .UUP) GO TI! 245
0194 IF (THR~ H.GT .0.O .AN0.ULCW .IT.UUP ) 60 10 245
0195 IF (THR S H.GT .0 .0 .A PIO. UL OW .GE .UUP)  GO TO 240
0191. 240 U— U LOW
01 97 XM S XM SL ON
0198 GO TO 248
019° 245 U=UUP
0200 X M S IMSUP
0201 248 fl (L)=U INREF ,FSIG*SCRT(XN$/NRE E— (U /NREF)s*2)
0202 IF (PAlM .61.1.5) 611 TO 250
0203 D (L) PSI&*UINR (F
0204 IF (XLOG.LT.0.0001) GO TO 250
0205 0(L)=FS IG+U /NRr ~
0206 /615 C 11N T 1N U~
0207 IF (J.GT.NS ) GO TO 249
0208 /49  CO NTINUE

C

I 
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C D O LOO P FOR DE lI CT 153 11 AND GINE RAT: SON OF CENTER PULSES
C

0209 00 2130 1=12 ,14
0210 IF (J.GT.MS) 6(1 (0 255
0211 IDET (I) 1
0212 IC (1)=0
0213 IF (SUM(I).LT.DU)) GO TO 280
0214 IOET (I) 3
0215 IC (I)=NC OP4/
0216 60 TO 280
0217 255 6.1011(1)
0218 60 TO (260.270.21S,2130),K

C
C CHE CK FOR INITIAL DETECTION
C

0219 260 IF (S UM(I) .LT .D( I) )  GO TO 280
0220 11=11* 1
0221 ID( II)=I
0222 X F 1R S T (1)=J
0223 X LA S T (1)—J
0224 SN (I)=SUM(I)
0225 IC (I) NCONZ
0276 I 0(T ( I) 2
0227 60 10 2110

C
C CHICK FOR FINAL DETECTION
C

0228 770 IF (SUM (1).LT .D(1)) GO II! 2 7 3
0229 -XLA SV (I)= J
0230 IC( I)=N CONZ 5

023 1 II (SSSM(1).LT.SN(1)) GO TO 2130
0232 SN(I)— SUM (I) -
0233 ~.O TO 280

C
C C HICK TO SEE IF D E TECTION ENDED
C

0234 273 IC(I)=IC (I)—1
0235 IF (IC(I).EQ.0 ) IOIT(I)—4

- 02)6 4,-I TO 7130
C
C C HECK TO SEE IF DETEC TI ON FROM ANO THER TARG E T ENDE D
C

023 1 776 II (SUK (I).GE .D (T)) ICCI).NCON2’1
02353 IC (I)=IC(1)—1
0239 IF (ICU).GT.O) GO TI! 2130
0240 IDFT (I).I
0241 2130 CON T INIJI
0242 705 CON T IN IJE

C
C + + 4 . 4 ,G + + ++ + , .  4 + + 4 * + 4 + * ~~~+ + +* , + , *+ *+ + + * G + * * 4 4 + +*+ $ + + G + +* *, + ,+ , + + , . .

I
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‘Ti) U~~~ DAVIS AND TRUNK

C
C CHICK FOR D E T I C I 1 C N S
C
C • + + + 4 + $ 4 + 4 + f 4 4 4 + $ + + 4 4 + + + + 4 + + 4 * 4 + + 4 4 + 4 • 4 $ ~~ 4 + 4 ~~ + + $ 4 4 + + + + 4 + 4 +* 4 4 * + 4 4 $

C
0243 IF (II.GT .0) GO TI! 300
0 . 4 4  N D F T ( N T A R ) 0
0246 M E P ( N T A R ) 0
0246 II (IMFR GI .E Q. 1 ) M IR (NT*P) =—?
0247 P ITUP FI

C
C M E R G I N G  (1f N U L TIP IF THRESHOLD CROSSINGS
C

024$ 3015 IF (IMERGL .EQ. l ) GO TO ‘.00
C
C N O MU L T I  tARGE T RESOLUTION PROPL EN S
C

0249 611 TO (310 ,320,3 36), 11
C ONL Y I THRESHOLD CROSSING

0250 310 N DE T (NTA R )=11
025 1 M E R ( NTAR )=0
0257 312 0(1 315 1 — 1 . 1 1
0253 RANGE (NTAR , I)=RS.(I0 (I )+ .S)*R(S
0254 SNDE T (PITAP.1 )— Std (ID(1))
0255 IF (XLOG.GT.0 .000l) SNDIT(N TAR ,I )=N 3DA.EXP (SNDFT (IoTAR,I )/14308)
0256 A /(NTAR ,I) .A ZIMS + (XLA ST( ID( I))+XFIRS TC ID( I))— 14308)*D 1112 .
0257 315 CONIINU(
02513 R F TU RN

C
C IW O CROSSINGS OF IHE THRESHOLD
C

0259 320 II- (IDFT( 13).FQ.I.OR.IDET (13).EQ .3) GO TO 310
C
C THERE ARE TWO ADJACENT THRESHOLD CROSSINGS
C

0260 325 IF (XLAST(ID(1))+NCONZ.LT.XLAST (ID(2))) GO TO 310
0261 I T — i
0262 GO T O 310

C
C THERE AR E THREE ADJACEN T THRESHOLD CROSSINGS
C

0263 3315 K~~1
0264 If (IAISS(IflC1)—10 (2)) .EQ.2.OR.

I XL AS T (W(I)) .NCONZ .LT .XLAST(ID (2))) K=Z
0265 611 TO (340,350),K
0266 140 II ( I A R S ( I D ( 1 ) — If l ( 3 ) ) . F Q . 2 . A N D .

1 *1*51 (10(2)) .LT.XLA ST(TD (3))) GO TO 345
0267 11 .1
02 68 GO T O 310
0269 34S 11 = /

I

1 -
-

148

- 
~~~~~- ~~~T,r I=—-- — — — 

-

___________________________________ — 
lvV ” ~ 

‘ 4~~, ,~ —



~ 1XS PAGE IS BEST QUALITY PRLC?1C5A~~~
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0270 I0 (2) I0(3)
0271 GO 10 110
0272 35) IF (1*135 (10( 1)—Inc 3)).EQ.2.OR.

1 X LAS T (I0 (1)).NCONZ.LT .XLAST (ID(3))) GO 10 355
027 3 11= 2
0274 GIl 751 310
0276 355 IF (IABS (ID(2)—ID (3)).EQ.2 .CR.

1 X LA ST (I0(2))+NCCNZ .LT .XLA ST (ID (3))) GO 10 310
0276 11= 2
0211 6(1 111 310

C.
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C
C ME RG ING PRO PLE N WITH ANOTHER TARGE T ,PRCB LEM SOLVE D IN SUB. M ERD E T
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

0278 400 ND E T(N TA R)= II
0279 M L R ( N T A R ) = — I
02 130 015 416 1=1,11
0281 RA N G E (NIAR ,I ).RS+(ID(i)..5)*RE5
0282 SNDE T (N IAR ,I)—SN(Ifl(I))
0283 IF (XLOG.GT.0.000I) SNDF T (NTAR .I)= .N3 OB SEX P (SNDE T(N TAR ,I )/N3DB)
0284 A Z(NT AR .2 .I— 1)—AZ INS ,XF IRST( ID (L))SOEL—N 3OISSOEL/2.
0285 A 1(N TA R ,2.I )— A Z I M S 4X LA S T  (T0(t)).DEL—N308.DEL/7 .
0286 415 CONTINUE
0287 RETURN
0288 END

0
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AGE IS BEST QUALITY PBACTI~~B~~

FR$JM DAVIS AND TRUNK

0001 SU BROU TINE S T A B ?
000? C IMMON/TM INT *RG,N JAM .SPEED(20 ), HEADI (20),HEADF (20),IMAN I(20) ,

1 TMANF(?p),xMANr (20,3),XMANF (20,3).GIuRpl(zo),TuRN(20).
2 CM(20,2) .R*OM(20 ), IT Y P F ( 20 ) . A L ’T (20 ,5) .  T * LT ( 2 0  ,5 ) NAL I(20)

0003 (.IMNON N 5CA N ,N FXT ,NUMTGT .T ,OLO T .EN D TIM ,SMOOE ( 30,20)
I ,PI, P I OV R 2  •TWO P I ,RADIAN.TA U ( 30) ,DS TAR .0WL( 30)
2 ,XYZI (2 0,4),*Y/F (20,4),TRGPOS (20,7),S1GJAM(20)
3 ,SIGTAR (2f),3),FHV (20 ),SIGMAH, ISWI T 4 TE M PUR
4 ,SIIIP (4).RC (30),RMODE (30 ,12) .INODE(30,2),RES

0004 CCMM ’N 11)171 NOFT(20).M ERC2 O), RAN GE (20, 3),A2 (20 ,6),SNOFT (70, 3),
1 ELEV(2 0,3) ,TIME (20)

0005 C OM M ON ISTABF ROLL (20),P ITC H (20)
0006 COMMON ISTABI N / RMA X ,PM A K , RFAC ,PFAC ,PHA SI (2)
0007 DC 30 I .1 ,NTARG
000(3 IF (NDET (I).EQ.0) GO TO 30
0009 K~~N0 ET ( I )
0010 8011 (1) =RMAX .SIN (TIMF (I)*RFAC ,PHA SE( 1))
0011 PITCH (I) .PMAX. SIN (T1M E(I )*PFAC+PHASE( 2 ))
001 2 CR-COS(ROL L (I))
00 13 $R= SIN (ROLL (I))
0014 CP~~CT7S (PITCH(I) )
001S SP= S IN (PITCH (I))
0016 AA= TRGPOS (I.5)—S H IP(5 )
0011 TI TAN(TRGPaS(I,6))
001$ X= SIN(AA)* CR +(COS (*A) *SP ,T€*CP)*SR
0019 Y .CCS(AA )*CP—TE*SP
0020 A ATAN 2(X ,Y )+TWO P I
0021 20 00 75 J=1, K
002? AT E MP= A Z(I ,J )+A —AA
002 3 25 AL (I,J)~.A MOD(ATEMP,TWIlP1)
0024 30 C O N T I N U E
0025 RETURN

C
C INITIAL IZAT ION
C

0026 E N T R Y  S T O I NT
0027 P1* 0 S0.RMAX, PMAX ,RP (R , PPER
002(3 50 FO R MA T  (4F8.2)
0029 P R IN T  55,RNAX, PM .%X ,RP ER .PPE II
00 30 65 FO R MAT (1HO, ROLL AND PITCH ,4F8.2)
003 1 QM A X — P IIAX /Pl5DI,IN
00 32 PM A X . P MA X / R A O I A N
0033 R FA C = T W C P I / R P E R
0034 PF *C= TW O P IFPP ER
0035 CALL V RAN F (PHASE, ?)
0036 PHASE (1 )=TWC P I*PHAS E(1 )
0037 PHAS E (2 )=TWOP I*PHASE( 2)
0038 RE T U R N
0039 1(35)

I
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CU~ Y I’ LL -  L’~ I ~H!sLi TO DDC

0001 S IJ 3RII UTI NE V P C L T ?
0002 CCMNON NSCAN , B E X T , NLJMTG T,T,(1LDT.ENDTIM ,SMCOE(30,20)

1 .PI, P IOVR2 ,TWOP I ,RA OI *N ,TAU (30).DSTAR .DWL (30)
2 ,XYZ 1(20,4), XYZ F (20,4).TRGP LIS(20 .7).SIGJ.IM (20)
3 ,~~IG1AR (l0 ,3),fHV( 20) .SI&MAH ,1SW 1T.T EM PWR
4 ,SHIP (9),PC (30 ) ,RM ODE( 30 ,12 ),IMODFC3O ,2)

0003 C O M M O N  IV CIN/ NRF 6,FN (S) ,R5 (5).RF (5),THS (5), THF (5),ELS (5),ELF (5).
1 ISE T

0004 C O M M O N  / V C L T /  P I ? . R A ~l(3 O 5 ) , F1A M(5 )
0005 C O M M O N  /CLTOU T / ROI JT (201),A ZOUT (201),FLOU T (201 ) ,TOU T(201),

I RL OU T (101 ) ,PT I!U l (201 ),SOUT(201),NC(100),IC . IV
0006 C O M M O N  /STAB IN / PM A X ,PMAX , R FA C, PFAC,PHAS E (i)

C
0007 IV IC
00013 IF (N IIFG .FQ.0) GIl TO 95
0009 CALL SETVW( IS(T)
001 0 CALL VRAN I- (RAN,305)
0011 1517 = ?14748364?.aPAN (305 )
001/ ISL I 2*(I5E712) 4 1

C T I M / B  IS TIlE T I M E  Ill THE Z E R O  B EARIN G CROSSING
0013 TIM/B=T*3 600 .

C TI M SCN IS TI lE SCAN TIME Ill TIlE RADAR
0014 T I MSCN=RMODF (1,6)*3600.

C (436 IS THE RAN G E GAT E S IZE
001’ RFS rR C (1 9)
0016 T R A N — 0
0017 00 215 1 =1,NR IG
001 13 1RA N= IRA N , 1
0019 IF ( T R A N . G T . 3 0 / )  4,15 TO 30
0020 A THS (I)—FLAM (1) .AL CC (RAN (IRAN) )
0021 15 11 (A .r,T .THf (1)) 4,15 TO 20
002? IV - .IV ’l
0023 A 1IUT (TV)=6
0024 K=( R S( T ) • (RF (I)—RS(I ))*RA N( TRAN .1))#RES
0025 POUT (  IV ) = ( k ,0 .5 ) * K 1 5
0026 IIIIUT(1V )-.0 .0
002 1 FOI J I( IV) .T IMZB+TI M SC N SA/ TW OPI
0018 PIOUT( IV) =R MAX ,S IN (TCIJT(1V ) .RFAC .PHA S I (1 ))
0029 P T 15 U T(IV )~ PM A X. 5IN (1IlU ) (IV) .PFAC+PHASE (2))
0030 SO UT( IV )=33 .33
00 31 I R A N IR AP 14I
0037 If (1RA 14 .GT .30/) GIl 10 30
0033 A=rI—FL4 M (I) *AtO( , (RAp 1 (IRAN))
00 34 5,1 TI  IS
0035 21 C I N I I N I I I
0036 III RI 114PM

C I N I T I A L I / A T I O N
C

0031 (SIlky V C INI T

5.
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DAVIS AND TRUNK

00 333 R E A D  S0 , IS F T .NRE (.
0039 ‘1) FORMA T (2I8)

C
4. 1511 IS THE INIT IAL I !A T IS I N NUMBER OF THE RANDOM NUMBER GENERATOR
C MPE G IS THE NUMB E R OF CLUTTER REGIONS
C

0040 PRI N T 53,ISF T ,NRI &
0041 55 F O R M A T  (IHO , VARI A B L E  CLUTTER ,2I8)
004/ IF (NREG .EQ.0) G~ T O 95
0043 IF (NREG .GT.5) M PE G -S
00 44 DO 5 l = 1 ,N R E G
004S READ SI,FN(I) ,RS(I) ,R f-(I ) .THS (I),THF- (I)
0046 ~ i F O R M A T  (TFR.2)

C
C FM IS THE AV E RAGE N UMBER OF CLUTTER POINT PER REGION
C PS IS THE INITIAL R A N r .~ OF THE CLUTTER AREA
C RI IS T I~E FINAL RANGE OF THE CLUTTER AREA
C T I-I S IS THE I N I T I A L  AZIMUTH OF THE CLUTTER AREA
C TH F IS THE FINAL AZIMUTH OF THE CLUTTER AREA
C

0047 PR I N T  56,FN (I),RSC I ).RF ( I).IHS (I), THF (I)
0048 S6 F O R M A T  (25x ,7FR.3 )
0049 RS (t )=R S(I )~ 6.080 2
0050 RF (I)=RF( I)/6 .0802
0051 THS (U-THS(I) /RAD IA N
0052 THF (I)~~1HF (I )/RA DIAN
0053 5 CONTINI Jt
00S4 DO 10 I ’ L , N R E G
0055 1(5 F L A M (  I )~~( IHF(I )— T H S ( T ) )/ FN(  I)
0056 05 RETURN
0057 (PIT)

THIS PAGE IS BEST ~UJILIT1
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Appendix C

PROGRAM LISTINGS OF ROUTINES EXCLUSIVE TO SURDET3D

151’ O l OI1~~I~.I(AI ~ SIJQ T)(f

C
f 11115 16 Tell St J Q I!17335 E W E C U T I V E  R~ UT1 I - F
C
CCCC CCCCC CrCCCCCCCCCCC CCCCCC CCCCCCCC CCCCC CC CCCCCCCCCr CC CCCC CCCCCCCCC r
C
C
C DEs CR I PT IO N 01 DAT A  CA R D S
C
C D A T A  CA R D N 6~ I
C
C D E TA I L E D  ~U TRU7 C51~’TR(1L INt EGE R (15 I M I J M A T )
C 15 I NO ,UT PIJT TM BE 08111710
C I • f lET~ C T T ( 1 P I  O’ JT ,UT TO BE P R I N T E D
C 2 • flEY~~ILEr) MUTP(i7 T M M~ PR INT ED
C
C
C
C D A T A  CARl) PlO , j
C
C T I T L E  CARD — QIJN I D E N T!F IC I T IO N  ( Ia .I Q A U  F(1P~~A T )
C 3 L~ NIJMI !R IMR TAR GE T T)(TEC7TM’I ‘UTR (J7 ~ 1L E S
C 2.2(1 *LPHAPIUMERIC D ES C R I P T IV E  T I T L E
C
C
C
C D A T A  CA R D NO • 3

C -

C 5N3P (II A FIAR ) PMS I T ION (1118.? F O R M A T )
C I..) PM $ IY IBN C OO R D INA TES (* ,Y ,Z ) IN OFT
C Ii S lIP MEADIN G Z N 0108135
C
C
C
C D A T A  CA R D ~~. (3
C
C II M A S I C  RA D A R  P*P *M ETI R5 (914.2,12,16.2 FOR M AT)
C I Rah&I1 F53fQ ( I 3 P4Cy IN M14 7
C 2 A N T E N NA  P A T T E R N  F I IP ICT IO N I N T ) 1 C A T M~C U • PEN C IL RE~~M

C I • C O S E C A I L T  SQ IJAR E BEA M
C S ~E C E I V E a  NOISE IN DR
C ~l Mf’ R IEON,AL 308 IEA~’w t15 7  IN D E G R E E S
C S V E R T I C A 1  SOP R E A M M I O T H  IN 0108115
C 4 0PIE .0*Y A P I T t I - A N A  0* 141 TN OR
C 7 OPJF.~ AY SI7IFL~~I3F LEVEL IN 0(1 UO.N
C N RIF fIVIR LOSS IN DR -

C 9 ?D AN $N ITT3 R L’$S IN OP
C In NIIMR~~I3 81 SCA - ’ M OD E S

- 
- C I I  L1~ EA’~ e OLA A I P ’ . i l M P d  I~ 

f)E r .REt S

i ’t- -

163

_ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~

5 -  - — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- —4



THIS DAVE AND TRUNK

C A U I4O~~IZO NTAL
C (30 u V E R T I C A L
C
C
C D AT A CARDS NO , 5 AN D A (OP’E B E T  FAR EAC H R A D A R  SCAN MOD E )
C
C IS PAR A M E T ERS FOR IA C 1t  SCAN MODE ( 1 ( 1FS .2,Sre.2 c~~0 M A t )
C I L OW E R OMIINOA RY E L E V A T I O N  AN GLE C O V E R A G E  II- D~ GREF B
C 2 UPPER BOU NDARY FLF~~A T T ON A~’lGl.F COV E RA GE T N 0168118
C S PE~~~ PA~~IR ~~ 

Mw

C IA PULSE L ENGTH TI-I M IC RO SEC ON DS
C S INTERL000 PER IOD IN SECAN DS
C o SC AN OFFSET IN SECONDS
C 7 !I-lStR UM~ PIT E0 RA NG E III NUT
C A MO DE OEPEPIDENT LOSS IN DO
C 13 NLI’4A ~~II or PULSES INTE G RA T ED
C In CB~~~RESs! D PULSE LENGT H IN MIC ROS ECO NDS
C II SEA CLUTTER IMPROVEM ENT F A C T O R  IN 00
C I? I.’. BAND WIDTH IN MHZ. II 0, BAND ~~!OT M ‘ILL RE SE T
C AT I.0,CCOM PRESSE D PULSE LENGTH)
C IS M A D E  DEPENDENT FREQUENCY IN CRE M EN T IN M HZ
C Ill BLAN k ING T IME IN R IC RAS E CM e 4O S. II 0, SET AT
C •ULSE LENGT H
C IS R AIN CLU TTER IM PR OVEM EN T FA C IOR Z N DO
C
C
C DAT A  C ARD NO~ 7
C
C 7 PAR A P’ ETERS FOR MOV ING W I N DOW D ET EC T O R (714.2 F O R M A T )
C I (34. 41 RE FERENCE CELLS OIl EACH SID E OF T A R G E T  CFLL
C 2 CLUTTER CORRELAT ION CO EFF ICIE NT
C 3 NO , OF STA NDA RD DEVIATIONS USED Tel THR E SHO LD
C A AZI M UTH AFISET BET WEEN REAM PO SIT IO NS IN D EG R E ES
C S VIDE O Ty PE IND ICAT OR
C A • LINEAR V IDEO
C I • LOG V IDEO
C NA , OF REFEREN CE CELLS USED POP THRESH OLD
C 0 S ALL CELLS USED
C (0 • SM ALL E R 14*11 USED
C •0 • LARGE R HALF U8EI~C 7 PAR *M 1t18$ USED TM CA LCULAT E YMPE S HA L D
C I • M EAN USED
C 2 • MEA N A ND V A R IA N C E  USED
C
C
C
C D A T A  CARD NO , P
C
C PIUMPEP OF TA R GETS LI-ID JAMMER S (215 Ff’R A T )
C N4~ OF 7*06175

______  
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NRL REPORT 8228
II PAGE IS B~ STQ M ’~~C

IROM CO~’Y iw1U~ISHE1) TO DDC _~~~~~
—

C 2 NM , Al JA M M E P S
C
C
C D A T A  C A R DS ‘ IA , A 1(315 IA (0 (33 SET 319 EA C H  T IR r ET  I-I- il) J A M P ’ 3 M )
C
C CA R D A IS TA R GE T P A R A M E T E R S  (1216,2,13 F O R M A T )
C T A R GE T TRAJ E C T OR Y SHO ILI) NAT CROS S 0 DE GRE E S I~- A ZI I ’ IJ T H
C ‘~~ I’-TTT *L CA BROINA TES (A ,V ,Z, T) 1~ 

OF T AN D SECON r- S
C S—P T E R M I N A L  C 0000 INA TE S (X ,V.Z, T) I’~ OFT A I -.I~ S E C O ND S
C °.II R A D A R R E FL E CTIV E A R EAS FOR H E A D — O N ,

N0,ID SIOE , 6(31) 1I N 1~~IJM IN $Q • I’F T E R S
C I? J A M M I NG POW E R DENSIT Y 7 ’-’ ~/~~‘2
C 1* M A R C I)M 5~ ERI I’W. CR OS S S E C T I T M N  MODE L
C
C CA R D IA T4R61 ? PROF IIF PA R A M E T E R S  (Zu ,73 .? FO R M A T )
I’ I TAR ~.FT R’011L3 TYPE
1 0 s STRAI G HT L IN E T P A J E C T A R Y
C I • ?—4~ A L T I T (JnE LEGS
C 2 s G.MIHEUVE R A T  C 0 N 57 & NT A L T I T U D E

REHAIM IN G •~ orILE P&RAP1?EPP MY TAR GET TYPE
C 71 T * RGP T Ty PE • 5~
1 2—13 IGNORED
r TI ?l~ GET Ty PE • I

7 • ‘-IA~ O~ A LTITUDE NO DES
C B • IIR$T A LTI T u DE NODE IN oF T

• . T IME p1 A R R I V A L  A T F7 R$ T  NODE I” SIC
C P • $FCOe ~n A L T I T ( I D E  (30151 IN KIT

4 • TIM E ‘51 A R R IVAL. At  SEC~~ -0 MODE IN S EC
7 5 THIRD ALTITUDE MAD E TN O F T

F P • ?7M ( NP A R R I V A L  A T TH IRD NODE 1~ SEC
F 71 T A R G E T ?yP E s P
C 7 5 T A R G E T  SPEED IN O FT / SE C
C S . 1’ITI~~L HEADI N G 1~~ DEG REES

(3 5 T~~M~ MA PIESI VE R BEG INS 1(3 SEC
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