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MULTIPLE PLATFORM SENSOR INTEGRATION MODEL:
MULSIM COMPUTER PROGRAM

1. INTRODUCTION
1.1 Background

The Navy has always been interested in developing the means to effectively integrate
the activities of individual units engaged in multiunit operations. Efforts in this direction led
to the development of the Navy Tactical Data System (NTDS), which is basically a
computer-aided manual system. Since its development in the 1950s there have been major
technological improvements. These developments, together with improved communications
systems such as the Joint Tactical Information Distribution System (JTIDS), and navigation
satellites such as NAVSTAR have brought the automatic, multiple-platform sensor
integration system into the realm of possibility.

The system that has been modeled consists of two or more ships, each having one or
more radar/ESM systems on board (see Fig. 1.1). The surveillance systems are assumed to be
detecting targets either on an individual basis or jointly with other surveillance systems. A
communication system with capabilities similar to JTIDS and a navigation system capable of
giving accurate fixes on all participating platforms are assumed to exist. The combined
system has the ability to transmit and assimilate data and provide smoothed tracking
information to all participating platforms.

R

% %\\ DATA LINKS

Fig. 1.1 — Multiple Platform Sensor Integration System

Manuscript submitted August 14, 1979.

ITIISSYIONN



GRINDLAY

From a global point of view, the most obvious benefit to be derived from the develop-
ment of this system is the presentation of the overall tactical environment to Fleet
commanders. System survivability is an important feature. Platforms will still be able to
operate with tracking information from other platforms in the event that their surveillance
systems become inoperable or are shut down in EMCON situations. The effects of stand-off
main-lobe jammers can also be minimized as shown in Fig. 1.2. More fundamental, however
are the benefits to be derived in track management. Improved tracking performance can be
expected from frequent updates that occur when several sensors are producing detections
and from increased accuracy produced by the cross hairing of targets (see Fig. 1.3).

(iJAMMER 1 JAMMER 2

Fig. 1.2 — Stand-off main-lobe jammers

RADAR 1 RADAR 2

MEASUREMENT 1 CONTOUR OF EQUAL

PROBABILITY

® RADAR 2
LIKELY TARGET MEASUREMENT 2
) POSITION
Fig. 1.3 — Effects of cross-hairing
® RADAR 1
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There are two reasons for developing this model. The primary consideration is the
development of a system architecture,* i.e., actual development of algorithms and tech-
niques for track correlation/association, track management, and updating of tracks. This
architecture is hinged upon the concept of obtaining the best target information from
sensors while using the smallest amount of channel capacity. The second consideration is
having the capability of examining the performance of the system, in particular the
propagation of errors through the system.

To reiterate, the model will serve as a foundation for future software development and
at the same time allow the user to demonstrate the advantages/limitations inherent in a
multiple platform sensor integration system.

1.2 Model Architecture

The model consists of two basic parts: a stimulator and a track correlation/integration
system (Fig. 1.4). The stimulator takes initial target positions, headings, and velocities from
an input scenario and determines their position at some later time designated by a radar
sector crossing. It then adds measurement errors to the true coordinates of the radar detec-
tions and inputs them to the track correlation/integration module. The detections from each
individual platform are subjected to a correlation/association process, and the detections
that associate with existing tracks are integrated with selected detections from the other
platforms to produce updated positions for the system tracks.} The stimulator and the track
correlation/integration system are controlled and linked by the executive routine. The
executive routine also controls the initiation process and the loading of track files.

Ti Select Next
'me Radar Sector
Crossing -
Y 4}
Scenario Noisy Sensor S
————] STIMULATOR Integration ystem
Detections System Tracks

Fig. 1.4 — Basic modules

*See Refs. 1 and 2 for a more detailed discussion of system architecture and operating philosophy.
+See Refs. 1 and 4 for sample tracking outputs from MULSIM.
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2.0 MULSIM PROGRAM
2.1 Executive Module

The executive module has four basic functions: (a) to read the program inputs and initial-
ize the scenario, (b) to load the system track files, (c) to schedule events and, (d) to call the
various subroutines in a logical sequence that simulates the functional flow of an operating
system. These functions are handled by subroutines INITAL, LOAD, and NEXRAD and the
executive routine, respectively.

2.1.1 MULSIM Executive Routine

The executive routine drives the MULSIM program. Besides calling for the initialization
of the scenario and the loading of the track files, the executive routine calls each subroutine,
in a logical sequence, whenever the NEXRAD subroutine schedules a sector-crossing event.
This procedure can best be followed by referring to Fig. 2.1.

The process is started by setting the game time equal to zero. Subroutine INITAL is
then called to set the initial values of scenario parameters. As the program is currently con-
figured there is no formal input/output (I/O) structure. Initial positions of targets and ships
and parameters relating to trajectories are set in INITAL on a card-by-card basis, i.e., there
are no formatted inputs.

The next step in the process is the loading of the sector track files and the initialization
of the tracking filter. The positions of all the targets and ships with respect to each ship are
determined at time = 0 s and at time = 1 s in each ship’s stabilized coordinate system and
deck-plane coordinate system. The subroutines called for this purpose are TRKGEN,
SHPGEN, MOTION, SCOORD, TCOORD and STAB1. Each subroutine is described in
detail in the track correlation/integration section.

The LOAD subroutine uses the generated position information to establish target
velocities and initialize the covariance matrices for the Kalman filter. LOAD also uses the
position information to load the sector track files. The area around each ship is divided into
64 angular sectors, and target tracks are assigned to sector track files according to their
current location.

When the loading and initialization process has been completed, the program starts to
cycle through the main loop of the routine. The program exercises this loop each time a
radar makes a sector crossing. The time at which a sector crossing takes place and the sector
number of the sector the radar has just crossed is determined by subroutine NEXRAD. If
there are targets in the sector designated by NEXRAD or in adjacent sectors, the next step is
to update the position of all targets and ships to the sector crossing time. Subroutines
TRKGEN and SHPGEN are called to give the updated latitude and longitude of all the
targets and ships, and the ship’s motion is accounted for by calling subroutine MOTION,
which provides the current pitch and roll of each ship. The new coordinates of all the targets
and ships in each ship’s stdbilized coordinate system are found by calling subroutines
TCOORD and SCOORD.



ENTER

TIME = 0
KNIT = 1

CALL INITAL
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CALL NEXRAD
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tracks in this sector
or adjacent sectors
?
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CALL TRKGEN

Fig. 2.1 — MULSIM Executive routine
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The targets located in the sector designated by NEXRAD are identified and their
numbers are loaded into detection files. Each sector is further divided into range bins (200
currently) and, corresponding to each range bin, there is an existing detection file. The
loading of these detection files takes place in subroutine DETFIL.

Before the correlation/integration process can be attempted, noise must be added to
the “true” coordinates of the targets to approximate the measurement process. This is
accomplished by first transforming the stabilized coordinates to deck-plane coordinates* in
subroutine STAB1 and then injecting noise by selecting samples from a normal noise distri-
bution derived from a random number generator. This function is performed by subroutine
NOISY, which also transforms the noisy deck plane coordinates back to the stabilized
coordinate system. All of the correlation/integration process is carried out in the stabilized
coordinate system.

There is one additional bookkeeping function performed prior to the correlation/
integration process. The system sector track files must be kept current. Each sector has a file
that contains all of the tracks currently located in that sector. The PREDIC subroutine is
called to update these track files to predict the position of the tracks at the sector crossing
time. To account for processing delays the PREDIC subroutine is applied, not to the tracks
in the sector designated by NEXRAD, but to the previous sector. An additional time delay
is introduced after PREDIC is called by stepping back one more sector before starting the
correlation/integration process.

The correlation process is started by calling subroutine CORRAS. The tracks located in
the sector under consideration are individually selected for correlation with detections. The
detections located in the nine range/sector bins contiguous to the track are said to be corre-
lated with the track, and the statistical distance between the track and each detection is
calculated.

The association process is concerned with the resolution of conflicts that might arise in
the correlation process, and this is also handled in the CORRAS subroutine. Conflicts occur
when two or more tracks are correlated with the same detection. If this is the case, statisti-
cal distances are compared and the detection is declared to be associated with the track
having the smallest statistical distance to the detection.

The next step is to sort the associated detections. SORT subroutine places detections
in three categories: those associated with participating platforms; those associated with
tracks that one’s own ship is responsible for updating; and those associated with tracks
which ownship is not responsible for updating.

Although it is not currently being done, it is planned eventually to use those detections
in the first category for reducing bias errors. Positional information from detections in the
second category is stored for the updating process, and if the detection belongs to the third
category, SORT calls subroutine TIMCON to determine if a time slot is available for
transmitting data over the link.

*See Ref. 2 for description of coordinate systems.
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The executive routine is also concerned with the flagging of time slots. The status of
the 1-s time slots over a 1-min period is taken into account. This 1-min period is divided
into segments of 20 s and the executive routine is responsible for setting the flags associ-
ated with each 1-s time slot in the segment. At 20-s intervals the executive routine sets the
flags in the next 20-s segment to 0. For each time slot this indicates that no data have been
sent over the link during that 1-s period. As data are transmitted the corresponding flags are
set equal to 1.

The LNKDET subroutine is called to start the updating process. For each track the
LNKDET subroutine merges the detections from the communications link with those from
ownship in a sequential file.

2.1.2 Subroutine INITAL

As the program is currently configured there is no formal input/output structure. Con-
sequently INITAL is used to define the scenarios, set parameters, initialize arrays, and
define constants. Table 2.1 defines the arrays, parameters, constants, etc. which are set in
INITAL. Variables are listed in order of appearance.

Table 2.1 — Functions Performed in INITAL

Fortran Description
Variable P

RAD Conversion factor, radians to degrees

DIM1, DIM2, DIM3 Dimensions for setting size of arrays in KALMAN

TIMLAG Time lag used in UPDATE

LASDET Location of last available space in file that is loaded in
DETLOC

NEXDET Location of next available space in file that is loaded in
DETLOC

RNGDIM(1,J) Dimension of range bin in meters for radar I on
platform J

N(I) Standard deviation of noise in measurement of targets
and position of platforms. Used to determine the measure-
ment covariance matrix with respect to platform J when
measurement is made at platform I.

N2(I) Standard deviations of noise in measurements, used to
determine covariance matrix with respect to platform I'’s
stabilized coordinate system

SIGAZD(1,d) Standard deviation of azimuth measurement noise for
radar J on platform 1

SIGELD(1,J) Standard deviation of elevation measurement noise for
radar J on platform I

ITITSSVIOND
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Table 2.1 (Continued) — Functions Performed in INITAL

For-tran Description
Variable

RHOD(1,d) Standard deviation of range measurement noise for radar
d on platform I

LISDET(I) Linkage device used in DETLOC to reserve and vacate
locations in files

DETSC(I) Pointing device use in CORRAS to pinpoint location of
last entry to file

FILEX(1,d) Pointing device used in SORT to pinpoint location of last
entry to file

FILID(1) Linkage device used in SORT to link all locations in a file
that are associated with a particular track

NS Number of platforms in scenario

AZINT(1,9) Initial azimuth of radar I on platform J (deg)

RVEL(L,J) Rotation rate of radar I on platform J (deg/s)

SILAT(I) Initial latitude of platform I (deg)

SILOG(I) Initial longitude of platform I (deg)

SIHT(I) Initial height of platform

SVEL(I) Velocity of platform I (m/s)

NR(I) Number of radars on platform

NT Number of targets in scenario

SECTIM(I1,J) Time required by radar I on platform J to sweep over one
angular sector

TILAT(I) Initial latitude of target I (deg)

TILOG(I) Initial longitude of target I (deg)

TIHT(I) Initial height of target I (in.)

SIHD(I) Initial heading of platform I (deg)

TIHD(I) Initial heading of target I (deg)

TVEL(I) Velocity of target I (m/s)

ER Equatorial radius of the earth (m)

PR Polar radius of the earth (m)

TIV(I) Angular velocity of target I on great circle route (rad/s)

SIvV(D) Angular velocity of platform on great circle route (rad/s)

RMAG(I) Roll magnitude of platform I (rad)

PMAG(I) Pitch magnitude of platform I (rad)
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Table 2.1 (Concluded) — Functions Performed in INITAL

ggg;ﬁle Description
WOR(I) Roll rate of platform I (rad/s)
WOP(I) Pitch rate of platform I (rad/s)
RPHASE(I) Initial roll phase angle for platform I (rad)
PPHASE(I) Initial pitch phase angle for platform I (rad)
LASTM(I) Last available location in file used in MPTFIL
DPOPM(I) Indicator used in MPTFIL
FULLM(I) Number of available locations in file used in MPTFIL
NEXTM(I) Next available location in file used in MPTFIL
LISTM(1,d) Linking device used in MPTFIL
DROPD(I) Indicator used in DUMFIL
LASTD(I) Last available location in file used in DUMFIL
FULLD(I) Number of available spaces in file used in DUMFIL
NEXTD(I) Next available space in file used in DUMFIL
LISTD(1,d) Linking device used in DUMFIL
FULLNK Number of available spaces in file in LNKLOC
LASLNK Last available space in file used in LNKLOC
NEXLNK Next available space in file used in LNKLOC
LISLNK(I) Linking device used in LNKLOC
G(1,d) Array used in state equation in KALMAN
H(1,J) Array used in observation equation in KALMAN

2.1.3 Subroutine LOAD

Subroutine LOAD is called twice by the MULSIM executive routine. Once at time = 0 s
and once at time = 1 s. Positions of all the targets and platforms with respect to every other
platform are determined at time = 0 s. This calculation is carried out with the true target/
platform locations, and the positions are determined in each platform’s stabilized coordinate
system. The position coordinates are saved for the next pass through LOAD, and control is
returned to the executive routine. On the second pass through LOAD, positions are again
determined at time = 1 s and velocity estimates are made from the position changes over the
1-s time interval. This information is used to load the estimated state vector for the tracking
filter.

LOAD next calls the STAB2 subroutine for noisy deck-plane position coordinates that
are used in subroutine COVOWN to determine initial values of the measurement covariance

AITITSSYTIOND
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matrix. These values are used in turn to load the covariance matrix that corresponds to the
state vector estimate. In lieu of a track-initiation process, LOAD is also used to assign MPT
and dummy track numbers and to load the sector files. It is also used to initialize the
NEXSEC, TIMNEX, and TLAST arrays. The NEXSEC and TIMNEX arrays contain the
number of the sector that each radar will next cross and the time at which this sector cross-
ing will take place. The TLAST array contains the time at which each track was last
updated. Initially all the elements of TLAST are set equal to 1 s.

The entire process is outlined by a macro flowchart in Fig. 2.2.
2.1.4 Subroutine NEXRAD

Subroutine NEXRAD is called by the Program MAIN. Its primary function is to deter-
mine which radar on which platform will next make a sector crossing and then record the
time at which this event will take place.

The area surrounding each ship is divided into 64 angular sectors. The sectors are
numbered clockwise from true North with the first sector to the right of North being
assigned the number 1.

The flow of logic through the subroutine is outlined in Fig. 2.3. The TIMNEX(L,J)
array contains the time at which radar I on platform J will next make a sector crossing.
NEXRAD interrogates this file for the lowest time. This determines which radar will be the
first to make a sector crossing. The sector number of the sector that radar I is currently
scanning is stored in the NEXSEC(1,J) file. This number is incremented when radar I on
platform J has the lowest value in the TIMNEX file. The TMRK(ISEC,I J) file is also
updated in NEXRAD. This file records the time at which radar I on ship J crossed from
sector ISEC to ISEC+1. Before leaving NEXRAD, TIMNEX(L,J) is also increased by the time
required by radar I to sweep across a sector.

2.2 SYSTEM STIMULATOR
2.2.1 Subroutine MOTION

Subroutine MOTION is called by the executive routine (MAIN). For a given time,
MOTION calculates the current roll and pitch of each platform. The roll and pitch of each

platform are assumed to be time-varying sinusoidal functions with specified initial values,
magnitudes, and frequencies. Table 2.2 defines the variables used in MOTION.

10
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yes

First time

Generate position coordinates
of all targets and platforms
w.r.t. every other platform

in stabilized coordinate
systems

thru

Determine
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each target
is in

Assign dummy track numbers
for each platform

Load track numbers into sector
track file for each platform

platform under
consideration for

yes
CALL MPTFIL

Assign MPT track number
to this track

Cross reference dummy
and MPT tracks

Initialize state
vector for Kalman filter

Fig. 2.2 — Subroutine LOAD macro flowchart
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Noisy deck-plane
coordinates

CALL STAB2

CALL COVOWN Measurement_covariance
matrix

Load covariance matrix
for Kalman filter

Identify tracks as
participating platforms

Load array containing
last update time

100

Load arrays containing next sector
to be crossed and next sector-crossing
time for every platform and every radar

‘ RETURN ’

Fig. 2.2 (Concluded) — Subroutine LOAD macro flowchart

12



NRL REPORT 8358

ENTER

10

X

o
N

SAVTIME = 100000

DO20J = 1, NS Set up do-loop on platform
JNR = NR(J) and radars to determine
DO 201 = 1, JNR which radar will next cross

a sector

yes
Time of next sector crossing
> SAVTIM?
no
K =1
L=J
SAVTIM = TIMNEX (I, J)
20 End of do-loop

ISEC = NEXSEC (K, L)
IR=K
IS=1L
NEXSEC (K, L) = NEXSEC (K, L}

TMRK (ISEC, K, L) = TIMNEX (K, L)
TIMNEX (K, L} = TIMNEX (K, L} + SECTIM (K, L)
TIME = SAVTIM

RETURN

Fig. 2.3 — Subroutine NEXRAD

13
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Table 2.2 — Variables in Subroutine MOTION

For_tran Description

Variable
TIME Time (s)
NS Number of platforms in scenario
ARG Roll or pitch for unit magnitude
WOR() Angular roll frequency for platform I (rad/s)
RPHASE(I) Initial roll for ship I (rad)
ROLL(I) Current roll position for platform I (deg)
RMAG(I) Magnitude of roll for platform I (deg)
WOP(I) Angular pitch frequency for platform I (rad/s
PPHASE(IW)” Initial pitch for platform I (rad)
PITCH(I) Current pitch position for platform I (deg)

2.2.2 Subroutine SHPGEN

Subroutine SHPGEN determines the current latitude, longitude, and heading of all
platforms in the scenario from current positions and velocities. As the program is currently
configured, the platforms are confined to moving on great circle routes over an oblate
spheroid at constant speed. The platforms’ angular velocity, initial heading, latitude, and
longitude are provided by INITAL. This reduces the problem to a simple exercise in spheri-
cal trigonometry. Almost 50% of the logic in the subroutine is concerned with resolving
problems encountered at trigonometric discontinuities (* 90°, 180°, 360° etc.). Table 2.3
defines the variables used in SHPGEN. They are listed in the order of their appearance in the
program listing.

Table 2.3 — Variables in SHPGEN

Fortran Description
Variable P
SIv(I) Angular velocity of platform I on great circle route
(rad/s)
TIME Time (s)
C Central angle transcribed by platform under
consideration
YP Sine of central angle
VAY Cosine of central angle
SIHD(I) Initial heading of platform I measured from true North
(deg)

14
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Table 2.3 (Concluded) — Variables in SHPGEN

\F,g;gm Description
SILAT(I) Initial latitude of platform I (deg)
SILOG(I) Initial longitude of platform I (deg)
XG,YG,ZG Direction cosines of platform’s current position in geo-
centric coordinate system
SLAT() Current latitude of platform I (deg)
SLOG(I) Current longitude of platform I (deg)
SIHT(I) Initial height of platform I (m)
SHT(I) Current height of platform I (m)
SHD(I) Current heading of platform I (deg)

2.2.3 Subroutine TRKGEN

Subroutine TRKGEN is very similar to subroutine SHPGEN. TRKGEN performs the
same function for targets that SHPGEN performs for platforms. The current latitude, longi-
tude, and heading are determined for all targets in the scenario. The targets are confined to
moving on great circle routes at constant altitude and speed over an oblate spheroid. The
targets’ angular velocity, initial heading, latitude, and longitude are provided by INITAL.
Table 2.4 defines the variables used in TRKGEN, listed in the order of their appearance in
the program listing.

Table 2.4 — Variables in TRKGEN Subroutine

For'tran Description

Variable
TIV(I) Angular velocity of target I on great circle route (rad/s)
TIME Time (s)
C Central angle transcribed by target under consideration
YP Sine of central angle
VA Cosine of central angle
TIHD(I) Initial heading of target I measured from true north (deg)
TILAT(I) Initial latitude of target I (deg)
TILOG(I) Initial longitude of target I (deg)

15
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Table 2.4 (Concluded) — Variables in TRKGEN Subroutine

For_tran Description
Variable
XG, YG, ZG Direction cosines of targets’ current position in geo-
centric coordinate system
TLAT(I) Current latitude of target I (deg)
TLOG(I) Current longitude of target I (deg)
THT(I) Current height of target I (m)
THIT(I) Initial height of target I (m)
THD(I) Current heading of target I (deg)

2.2.4 Subroutine SCOORD

The current range, azimuth, and elevation of all the platforms with respect to a speci-
fied platforms’ stabilized coordinate system is determined by subroutine SCOORD. The
locally stabilized coordinate systems are centered at each platform’s c.g. with the z-axis
pointed upward along the local gravity vector, the y-axis pointed toward true North, and the
x-axis lying due east (see Fig. 2.4). Azimuth is measured clockwise from the y-axis.

b

EARTH’s AXIS OF ROTATION
/

Ys

LOCAL GRAVITY VECTOR

PLANE NORMAL TO LOCAL
GRAVITY VECTOR

Fig. 2.4 — Locally stabilized coordine;tes

16
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If the latitude, longitude, and altitude of each platform are known, it is a simple exer-
cise in spherical trigonometry to determine the stabilized coordinates of each platform in
some other platform’s stabilized coordinate system and hence the respective range, azimuth,
and elevation. The variables used in this process are listed in Table 2.5 in the order of their
appearance in the program listing.

Table 2.5 — Variables in SCOORD

AITITSSYTIOND

For'tran Description
Variable

NS Number of platforms in scenario

NT Number of targets in scenario

ISHIP Platform under consideration

ER Equatorial radius (m)

PR Polar radius (m)

RAD Conversion factor, degrees to radians

SLAT(I) Current latitude of platform I (deg)

RHOT Local Earth radius at platform I (m)

RHOS Local Earth radius at platform ISHIP (m)

SLOG(I) Current longitude of platform (deg)

XY,z Geocentric coordinates of platform I

XP, YP, ZP Stabilized coordinates of platform I in ISHIP’s stabilized
coordinate system

AZ(K,d) Azimuth of platform K with respect to platform J (deg)

EL(K,J) Elevation of platform K with respect to platform J (deg)

RG(K,J) Range of platform K with respect to platform J (m)

ISEC Sector containing platform K in platform J’s coordinate
system

KSEC(ISEC,J) Indicator which indicates that platform J has a target in
sector ISEC

SHT(J) Altitude of platform J (m)

2.2.5 Subroutine TCOORD

Subroutine TCOORD essentially parallels subroutine SCOORD; i.e., the range, azi-
muth, and elevation of all targets in the scenario are determined in a specified platform’s

stabilized coordinate system. The variables not used in subroutine SCOORD are given in
Table 2.6.
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Table 2.6 — Variables Not Used in SCOORD

Fortran Description
Variable
TLAT() Current latitude of target I (deg)
TLOG(I) Current longitude of target I (deg)
THT(I) Current altitude of target I (m)

2.2.6 Subroutine DETFIL

Subroutine DETFIL is called by the executive routine to assign detection numbers to
targets and load them in their respective range bin files. Technically speaking, DETFIL is
not part of the stimulation process. In an operating system the DETFIL function would be
performed on noisy measurements made by the system; however, in MULSIM the DETFIL
function is performed on the stabilized true target positions. This was done to eliminate
problems associated with targets flying along sector lines and hopping from one sector to
the other as noise was injected into their measurements. Since the DETFIL subroutine per-
forms its operations before the completion of the stimulation process, it has been included
in the system stimulator section.

Subroutine DETFIL is called for a specified radar, platform, and sector. The first step
in the process is to determine the angular limits of the specified sector and then run through
all the platforms and targets in the scenario to see if they lie within this sector. The next
step is to determine which range bin contains the target and to load the assigned detection
numbers into a linked file that contains all the detection numbers assigned to each individ-
ual range bin. Aside from determining whether the target under consideration has moved
into the sector during the sector crossing time and zeroing out an array used in the correla-
tion subroutine, this essentially completes the process. Table 2.7 describes the FORTRAN
variables used, and Fig. 2.5 is a flowchart of the subroutine logic.

Table 2.7 — Variables in DETFIL

Fortran Description
Variable cripuio
IR, IS, ISEC Identification numbers of radar, ship, and sector under
: consideration
NT, NS Number of targets and platforms in scenario
LSTBIN(I,J,K,L) Array containing identification number of last target to
be placed in linked file for sector I, range bin J, radar K,
and platform L
AZLO Lower boundary of sector ISEC (deg)
AZHJ Upper boundary of sector ISEC (deg)
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Table 2.7 (Concluded) — Variables in DETFIL

Fortran

IT4TSSYTONN

Variable Description

AZ(1,d), RG(1,J) Azimuth, range of target/platform I w.r.t. platform J
(deg)

JRN Range bin identification number

IDET(IR,IS) File containing next-detection identification number to
be assigned by radar IR on platform IS

RNGDIM(IS,IR) Range dimension of range bins for radar IR on platform
IS

IDTA(ID, IR, IS) File which links detections and targets. File contains

target/platform number that corresponds to detection
ID from radar IR on platform IS.

ITAG(I,IR,IS,ISEC) Indication that target I was assigned detection number in
sector ISEC

LNKBIN(ID,IR,IS) Linking device that links all the detections from a
particular range bin for radar IR on platform IS

TRATG(ID) Flag that indicates that detection ID has been correlated
with a track

2.2.7 Subroutine STAB1

Subroutine STABI is called by the MULSIM executive routine. Its primary purpose is
to produce the deck-plane coordinate of all the targets/platforms in the deck-plane coor-
dinate system of a platform (ISHIP) which is designated in the calling sequence. The sub-
routine is entered with the stabilized coordinates and the current roll and pitch of platform
ISHIP. With this information, it is a simple trigonometric exercise to rotate the stabilized
coordinates into the deck-plane system. Table 2.8 lists the variables used in STAB1 in the
order of their appearance in the program listing.
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Table 2.8 — Variables in STAB1

Fortran Descripti
Variable crption
NT Number of targets in scenario
NS Number of platforms in scenario
ISHIP Platform under consideration
ROLL(J), PITCH(J),
(SHD(J) Current roll, pitch, and heading of platform J (deg)
AZ(1,d), EL(1,d) Current azimuth and elevation of target I in platform J’s
stabilized coordinate system (rad)
XX(Ld), YY(I,d) Direction cosines of target I’s position
SS(1,d) Vector in platform J’s deck-plane coordinate system
AZD(1,d), ELD(1,d) Azimuth and elevation of target/platform I in platform
J’s deck-plane coordinate system

2.2.8 Subroutine NOISY

Subroutine NOISY is called by the MULSIM executive routine to provide the model
with the noisy stabilized coordinates of every detection in a designated radar sector. The
first step in the process is to go through each range bin in the sector and select individual
detections from the range bin under consideration.

If there are detections in a particular range bin, the next step is to identify the targets
they correspond to through the IDTA array and load the XYZTRU array with the true rec-
tangular stabilized coordinates for future reference. This is more or less preliminary to the
primary function of NOISY. The nucleus of NOISY is the STAB2 subroutine. Therein,
samples are selected from a normal noise distribution derived from a random number
generator. The samples are then added to the deck-plane coordinates, and the noisy deck-
plane coordinates (range, azimuth, elevation) are transformed to the stabilized coordinate
system and returned to NOISY. NOISY next takes the noisy stabilized range, azimuth, and
elevation and determines the rectangular coordinates of the detection. These are loaded in
the XYZMS file. The TMS file, which contains the time at which the detection was made, is
loaded with the sector-crossing time. This process is repeated until all of the detections in
sector ISEC have been considered.

Table 2.9 describes the variables used in NOISY listed in the order of their appearance
in the listing. Figure 2.6 is a flowchart of the subroutine.
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ENTER

ISEC M1 =1SEC -1
NTS = NT+NS
J=18

I

AZLO = 5.625* (ISEC - 1)
AZHI = 5.625* (ISEC + 1)

DO 100
I=1,NTS

K =1—NT

Is yes

NRL REPORT 8358

IDTA (D, IR, IS) =1

target ISHIP
?

Is
target in sector

no

Y

target detected

in prewouy yes
?

no

ITAG (I, IR, IS, ISEC) = 1

?

JRN = RG{l, JI/RNGDIM IS, IR)

Is

target within yes

A 4

TRATG (ID) = 0

LNKBIN (ID, IR, IS) = LSTBIN {ISEC, JRN, IR, IS)
LSTBIN (ISEC, JRN, IR, 1S) = ID

minimum
range ?

Assign detection
numbers

Y

100

199 @

Zero out ITAG array for
previous sector

RETURN

Fig. 2.5 — Subroutine DETFIL
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Table 2.9 — Variables in NOISY

Fortran
Variable

Description

IR, IS, ISEC
JRN
LSTBIN(IJ K,L)

IDTA(1J,K)

XYZTRU(1,J,K,L)

RG(LJ), AZ(1J),
EL(1J)

XYZMS(I1,J,KL)

TMS(LJ K)

TMRK(I,J,K)

LNKBIN(LJ,K)

Radar, platform, and sector to be considered
Range bin number

Array containing identification number of last detection
made in range bin J of sector I by radar K on platform L

Array containing target number of target that corre-
sponds to detection I, made by radar J on platform K

True rectangular coordinates of detection I, made by
radar K on platform L

Jd = 1 x-coordinate
= 2 y-coordinate
= 3 z-coordinate

Range, azimuth, elevation of target I with respect to plat-
form J (m and rad). Values are true stabilized before call
to STAB1; noisy afterwards.

Noisy stabilized rectangular coordinates of detection I
made by radar K on platform L

J = 1 x-coordinate
= 2 y-coordinate
= 3 z-coordinate

Time at which detection I was detected by radar J on
platform K

Time at which radar J on platform K passes from sector
Ito(I+1).

Linking device containing number of the detection that
was made prior to detection I and is in the same range bin
as detection I. J and K represent the radar and platform
number respectively.

2.2.9 Subroutine STAB2

Subroutine STAB2 is called by subroutine NOISY for a designated target, ship,

and radar. Its primary function is to inject noise into the true deck-plane range, azi-
muth, and elevation and to transform the noisy measurements to the stabilized
coordinate system. This is accomplished by selecting samples from a normal noise dis-
tribution derived from a random number generator (VRANF), weighting the samples
by the standard deviation, and adding the result to the true deck-plane range, azimuth,
and elevation. The transformation to the stabilized coordinate system is a simple 3-axis
rotation involving the ship’s roll, pitch, and heading.
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ENTER

DO 100

Go thru all range bins
JRN = 1,100 in ISEC

ID = LSTBIN (ISEC, JRN, IR, IS)

Any

. . no
targets in this

range bin
?

Get target number save
true rect. coord.

IT = IDIA (D, IR, 1S)

XYZTRU(ID, 1, IR, 1S} = RG (IT, IS) *SIN (AZ(IT, I1S)) *COS (EL(IT, IS}
XYZTRU(ID, 2, IR, IS} = RG (IT, IS) *COS (AX(IT,IS)) *COS (EL{IT,IS))
XYZTRU{ID, 3, IR, IS} = RG (IT, IS) *SIN {EL(IT, IS,))

CALL STAB2 Get noisy stab, range, az., el.

Save noisy measurements

XYZMS (ID, 1, IR, I1S) = RG (IT, IS) *SIN (AZ(IT,IS)) *COS (EL(IT, IS))
XYZMS:(ID, 2, IR, I1S) = RG(IT, IS} *COS (AZ(IT, IS)) *COS (EL{IT,ISH
XYZMS (ID, 3, IR, IS) = RG (IT, IS) *SIN (EL(IT,IS))

|

IMS {ID, IR, IS) = TMRK (ISEC, IR, IS) Set time of detection
ID = LNKBIN (ID, IR, 1S) Pick out next detection

100

yes Any

- more range
bins
?

no

RETURN

Fig. 2.6 — Subroutine NOISY
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Table 2.10 lists the variables in the order that they are presented in the listing.

Table 2.10 — Variables in STAB2

Fortran

Variable Description
IJK Designated target, platform, and radar
AZR, ELR Noisy deck-plane measurements (rad)
AZND(1,J,K) ) ) )
ELND(LJ K) Noisy deck-plane azimuth, elevation, and range measure-

ments for target I as measured by radar K on platform J
RNND (I,J,K)

ROLL(J), PITCH(J) Current roll and pitch of platform J

X,Y,Z Direction cosines of target in stabilized system that has
x-axis pointed in direction of ship’s motion
SHD(J) Current heading of platform J (deg)

Stabilized azimuth, elevation, and range of target I with
respect to platform J. True quantities are replaced by

AZ(1,J), EL(LJ)
noisy quantities in these arrays before leaving STAB2.

RG(LJ)

2.3 Track Correlation/Integration System
2.3.1 Subroutine PREDIC

Subroutine PREDIC is called by the MULSIM executive routine. Its primary purpose is
to keep the sector track files current; i.e., when a target changes sectors it must be deleted
from the track file of the sector it has just left and added to the sector it has just entered.

Tracks are placed in track files according to the sector in which they are currently
located. For example, after the detections from sector J (see Fig. 2.7) are placed in the
appropriate detection files, the question arises as to which tracks are candidates for correla-
tion with: these detections. This question is not answered immediately. The correlation
process takes place in sector (J-2) to account for delays in the system. However, before
attempting the correlation process an intermediate bookkeeping step is required to keep the
sector files current. The predicted positions of the tracks in the (J-1) sector file at the (J-1)
sector crossing time are determined to see if they are still located in sector (J-1). Adjust-
ments are made to the sector files to reflect any change in their position at this time.

Each ship maintains two sector track files, i.e., for each sector, each ship maintains
what is referred to as a dummy track file,* which is used for local purposes, and a multiple
platform track (MPT) file, which is used for communicating with other ships via the link.

*The dummy file is used for two reasons: (a) because there may be tentative tracks that have not gone out
over the link, and (b) because provisions must be made for the system degrading to a single unit.
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PLATFORM

Fig. 2.7 — Locating tracks and detections

The first step taken by PREDIC in this process is to interrogate the dummy sector file
(DUMSX) to determine if there are any tracks in sector ISEC. If there are no tracks, control
is immediately returned to the executive routine. Otherwise the first track in the DUMSX
file is examined to determine if it is a track that platform IS is responsible for updating. The
X(3) file is next loaded with position and velocity coordinates from the XSM¢(1,J K)
tracking file. For those tracks that come from other platforms the position coordinates and
velocity components are run through the appropriate transformations by the TRANSF and
VTRANS subroutines.

The next step is to determine the predicted position of the track at a time correspond-
ing to the sector-crossing time (TMRK). The rectangular coordinates of the predicted posi-
tion are stored in the XYZDUM array and the predicted range, azimuth, and elevation are
stored in the RAEDUM array.

The bulk of the remaining logic in the subroutine is concerned with determining which
sector contains the predicted track position. If the track (NT) remains in sector ISEC, no
further action is taken. When the track has moved to a new sector, subroutine DUMDRP is
called to remove it from sector ISEC’s track file, and subroutine DUMNEW is called to place
it in the track file of the new sector. This process is repeated until all the tracks in sector
ISEC have been considered.

Table 2.11 contains the variables used in PREDIC in the order of their appearance in
the program listing.
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Table 2.11 — Variables in PREDIC

TMRK(LJ K)
TRKST(NT,IS)

PTFST(NT,IS)

XSMO(I,MT,KS)

XYZDUM(NT,LIS)

RAEDUM(NT,LIS)

Fortran Description
Variable
ISEC, IR, IS The sector, radar, and platform under consideration
DUMSX(L,J) Array containing the identification number of the last
track to be placed in sector I dummy track file on
platform J
Sector-crossing time; i.e., the time at which radar J on

platform K passes from sector I to sector I +1.

File linking dummy tracks and MPT tracks; contains the
MPT number of track NT from platform IS

File containing the platform number of the platform that
is responsible for updating track NT from platform IS’s
dummy track file.

Smoothed position and velocity coordinates of track MT
that reside in platform KS’s MPT file

I=1, x-coordinate; I=2, x-coordinate
=3, y-coordinate; =4, y-coordinate
=5, z-coordinate; =6, =z-coordinate

Predicted rectangular position coordinates of track NT
from platform IS’s dummy file

I=1, x-coordinate
=2, y-coordinate
=3, z-coordinate

Predicted range, azimuth, and elevation of track NT with
respect to platform IS’s stabilized coordinate system.
I=1, range
=2, azimuth
=3, elevation

2.3.2 Subroutine CORRAS
2.3.2.1 Introduction
Subroutine CORRAS is called by the MULSIM executive routine. The primary purpose

of the CORRAS subroutine is to identify those detections from a designated radar/platform
that correlate with the tracks in a designated sector and to resolve conflicts that might arise

when more than one track is correlated with the same detection. The latter function is

referred to as the association process. A macro flowchart outlining the procedure adopted to

correlate and associate detections with a group of tracks from a given azimuth sector is

shown in Fig. 2.8.
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ENTER

Select a track
from sector under
consideration

Have
all tracks

Select a
new track

4

been considered

Call up all detections
which lie within some geomet-
rical area surrounding track

Determine statistical distance
to each detection

Store statistical distances
and detection numbers
in sequential file

Assign locations and
place detection numbers
and statistical distances

Check for conflicts and
resolve them. Tag closest

detection with track
number

Fig. 2.8 — The correlation and association process

27

AITITSSYIIND



GRINDLAY

Basically what is involved in the correlation process is the selection of detections in
some geometrical area surrounding a predicted track location. These detections are then
ordered according to a previously defined statistical distance to the track under considera-
tion and are stored in a retrievable file for use in the association process.

The association process is concerned with resolving conflicts that occur during correla-
tion. Conflicts occur when two or more tracks have the same detection at the top of their
detection files. The association process resolves these conflicts by comparing statistical
distances.

2.3.2.2 The Correlation Process

The actual correlation process is preceded by the selection and location of tracks. This
is detailed in Fig. 2.9. The track number (NT) at the top of the dummy sector file is selected
to begin the process. The range bin (JRNG) that contains the predicted position of the track
is then determined, and this is used to correlate the track with detections in its range-
azimuth bin and in all adjacent range-azimuth bins; i.e., nine range-azimuth bins in all are
considered. After the association process the next track in the sector dummy file is selected
and the process is repeated until there are no tracks left to be considered in the sector
clutter file (NT = 0).

The correlation process begins by considering the detections located in azimuth-range
bin (I-1, J-1). See Fig. 2.10. The detection numbers of the detections from each range-
azimuth bin have been placed in linked files. The first detection number (IDETNO) for bin
1,J is obtained from LSTBIN (I,J,JRAD,ISHIP). When a value of zero is obtained from this
file, it is an indication that there are no further detections to be considered in bin I,J. As
each detection is drawn from the LNKBIN file, the statistical distance between the detec-
tion and the track under consideration is determined by subroutine COVOWN. This is used
to order the detections in a sequential file IRADET(J), with the detection number having
the smallest statistical distance placed in IRADET(1). This process is repeated for all adja-
cent bins and for the bin that contains NT. The net result is two sequential files:
IRADET(J) containing the ordered detection numbers and SDIST(J) containing the ordered
statistical distances. The number of detections (K) correlating with NT is also recorded. The
sequential files are not tagged with an identifier relating them to NT because these values
will be placed in a linked file during the association process, thereby allowing greater
flexibility in retrieval and storage. The correlation process is detailed in Fig. 2.9.

2.3.2.3 The Association Process

The association process begins with placing the statistical distances and detections,
which have been correlated with the track under consideration, in linked files. The detection
numbers are placed in ISTOR(LOC) and the statistical distances in SD(LOC). The detections
are located in these files with a pointer DETSX(LOC). This gives the location (LOC) of the
correlated detection that has the smallest statistical distance to the track under considera-
tion. The location of the detection with the smallest statistical distance is found from the
link DETID(LOC), i.e., DETID(LOC) contains the location of the detection that follows the
one found in LOC. As detection numbers and statistical distances are fed into the ISTOR
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Enter with platform, sector

ENTER and radar

file

Select track no. at
NT = DUMSX (ISEC, ISHIP) | top of sector track

Yes. There are no more
tracks to be considered

Set up linked

files for use

in association
process

Y

RETURN

JRNG = RAEDUM (NT, 1, ISHIP)/RNGDIM (ISHIP, IRAD)

Pick a new

bi

n

IDETNO = LSTBIN {I, J}

Select next detection

IDETNO = LNKBIN (IDETNO, IRAD, ISHIP}

IDETNO
=0

NN =K

All
bins consid-
ered

Get statistical distance

CALL COVOWN
(IRAD, ISHIP, IDETNO,
NT, SDI, ISEC})

s

K+1

Carry out association
process for track
under consideratior

¥

Select a new

track

NN = NN -1

SDIST {(J) = SDIST (J-1)
IRADET (J) = IRADET (J-1)

yes

SDIST (J} = SD1

IRADET (J) = IDETNO

Fig. 2.9 — The correlation process
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SECTOR [ —1

AZIMUTH

RAN N
GE BIN J SECTOR |

SECTOR 1+1

Fig. 2.10 — Azimuth—range bins

and SD files, locations in these files are provided by the NEWLOC subroutine. Flowcharts of
the NEWLOC subroutine and the association process are found in Figs. 2.11 and 2.12
respectively.

ENTER

LISTO (LASTO} = LOC
LISTO (LOC) =0
LASTO = LOC
FULSTO = FULSTO +1

LOC = NEXTO

NEXTO = LISTO (LOC)
LISTTO (LOC) = 512
FULSTO = FULSTO — 1

RETURN

Fig. 2.11 — Subroutine NEWLOC

After the correlated detections and statistical distances have been placed in the linked
files, it is possible to proceed with the resolution of conflicts. This begins with the selection
of the first detection number (IDETNO) from the linked file. For each detection there is a
one-to-one relationship with some track. This is established through the use of the TRATG
file. If TRATG(IDETNO) is zero, it means that a relationship has not previously been estab-
lished between IDETNO and some track. In this case TRATG(IDETNO) is assigned the
value NTA. If TRATG(IDETNO) has been previously assigned another track number (NTT),
this means that a conflict exists. The conflict is resolved by comparing statistical distances.
If the statistical distance between NTA and IDETNO is less than that between NTT and
IDETNO, then TRATG(IDETNO) is assigned the value NTA, and the next detection in the
linked file of detections that correlated with NTT is examined for a possible conflict with
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ENTER

Select initial track

Have
all tracks
been considered
?

RETURN

Correlate with detections in Select next
its range azimuth bin and track
all adjacent range-azimuth bins
yes
50

no detections correlated
with this track

yes all

detections placed
in files

CALL NEWLOC
{LOC), DRPST)

Y
ISTOR (LOC} = IRADET (J) LOC = DETSX (NTAD)
DETID (LOC) = DETSX (NTAD) IDETNO = ISTOR (LOC)
DETSX {NTAD) = LOC

SD (LOC} = SDIST {J)

ITITSSYIOND

Linked files

TRATG {IDETNO) TRATG (IDETNO)=NTA
?

Previous
track been tagged
to this detection?

NTT = TRATG {IDETNO)
LOCC = DETSX(NTT)

SD (LOC} >
SD (LOCC)

TRATG (IDETNO) = NTAD
NTA = NTT

LOC = DETSX (NTAD)
DETSX (NTAD) = DETID (LOC)

yes
DETSX (NTA)

=0

No more detections
left in file?

CALL NEW LOC
(LOC, DRPST)

Fig. 2.12 — The association process
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other tracks. This process will continue until a one-to-one relationship is established
between a track and a detection or there are no more detections left in a linked detection
file. If the statistical distance between NTA and IDETNO is not less than that between NTT
and IDETNO, the process reverts to the next detection in the linked file associated with
NTA and again an attempt is made to establish a one-to-one relationship. As each conflict is
resolved, the location of the detection which correlated with the track having the larger
statistical distance is made available for future storage in the ISTOR and the SD file. This is
accomplished by calling the NEWLOC subroutine with IDRP set equal to zero.

When all tracks in the designated sector have been correlated with the given detections
and all conflicts have been resolved, the process is complete.

The Fortran variables used in CORRAS are listed in Table 2.12.

Table 2.12 — Variables in CORRAS

Fortran .
Variable Description

ISHIP, ISEC, IRAD Platform, sector, and radar under consideration

DUMSX(1,J) Array containing the trade number of last track to be
placed in platform J’s Ith sector file.

DETSX(NT) Array that identifies the locations in the ISTOR and SD
files that contain the ID number and the statistical
distance to tract NT of the detection with the smallest
statistical distance to NT

DETID(LOC) Linking device that gives the location of detection and
statistical distance that is next smaller than the one found
in LOC

NT Track number

JRNG Range-bin identifying number

RAEDUM(NT,I,K) Predicted range of track NT from platform K’s dummy
track file

RNGDIM(ISHIP, Range dimension assigned to range bins associated with

IRAD) radar IRAD on platform ISHIP

LSTBIN(I,J . K,M) Array containing identification number of last detection
made in range bin J of sector I by radar K on platform M

LNKBIN(I,J ,K) Linking device containing the number of the detection
that was made prior to detection I and is in the same
range bin as detection I. J and K represent the radar and
platform number, respectively
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Table 2.12 (Concluded) — Variables in CORRAS
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Fortran o
Variable Description
SDIST(NN) Array containing statistical distances from track under

consideration to all the detections that are correlated
with it. SDIST(1) is smallest.

IRADET(NN) Array containing detection numbers of detections that
are correlated with track under consideration.
IRADET(J) corresponds with SDIST(J).

DUMID(NT,ISHIP) Linking device containing the track number of the track
that was placed in sector track file prior to track NT

ISTOR(LOC) Linked file containing detection numbers of correlated
detections. Similar to IRADET temporary file. Accessed
by DETSX pointer and DETID linking device.

SD(LOC) Linked file containing statistical distances between
detection in ISTOR and track designated by DETSX.
TRATG(ID) Flag indicating status of detection ID
TRATG(ID) = 1; detection has been correlated with
some track.

TRATG(ID) = 0; detection has not been correlated
with any track.

IDRP Flag for subroutine NEWLOC
IDRP = 1; find a new location
IDRP = 0; vacate location

2.3.83 Subroutine COVOWN

Subroutine COVOWN is called by subroutine CORRAS. Its primary purpose is to pro-
vide the KALMAN subroutine with the measurement covariance matrix in the stabilized
coordinate system of the tracking platform. If the tracking platform is not the detecting
platform, the calculations are made by subroutine COVLNK, which is discussed in section
2.3.4. The measurement covariance is used by KALMAN to determine the statistical dis-
tance from the detection to the target.

The subroutine is presented with the standard deviations of the range, azimuth, and
elevation. It is assumed that there is no cross-correlation between the three measurements,
hence, the covariance matrix as represented by the standard deviations is diagonalized. Since
the measurements are made in the deck-plane coordinates, it is COVOWN?’s task to trans-
form this matrix to the stabilized coordinate system of the tracking platform. Because the
deck-plane coordinate system is continually in rotational motion with respect to the stabi-
lized coordinate system, this procedure must be carried out each time a statistical distance is
requested by CORRAS.
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The process can be represented mathematically as follows: the position vector in the
deck-plane coordinates can be expressed as a truncated Taylor’s series

S . _ - -
x x 0x/0R  0x/o7m 0x [0« Nr-1
. ’ (2.3.1)
yl=1> + | dy/oR  dy/dm  Oy/du N>
z z 0z/0R 0z/0n 0z /0a N,
where
(x,y,2) is the mean or true position of the target in the platform’s
deck-plane coordinate system
(x,5,2) is the target position vector in the platform’s deck-plane
coordinate system, based on measurements made at the
platform
(0x/0R,0x /07, etc.) are the partial derivatives of the components of the position
vector with respect to changes in the measurements made at
the platform
(N, N”Z’ Ny) represent noise in the measurements made by the platform’s
radar
(R,n, ) represent the range, elevation, and azimuth measurements
made by the platform.
If vector matrix notation is used, Eq. (2.3.1) may be rewritten as
> =~
X=X+AN. (2.3.2)

The deck plane coordinates can be transformed from the stabilized coordinates by the
H(I,J) and P(I,J) matrices. The H matrix accounts for the platform’s heading and the P
matrix accounts for the platform’s pitch and roll. This can be expressed as

\

~

~ o~ > ~
H.P.X = Ho (

>l

~ >
+A-N) (2.3.3)
or

~ o~ A~

e 5
H-P(X -X) = H-P-A-N. (2.3.4)

The left side of Eq. (2.3.4) represents the measurement error in the stabilized coordinate
system and it is the covariance of this quantity that is required; i.e.,

or (2.3.5)
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This is represented by the (_J)O\QW(I ,J) matrix in the listing; the product H-P-Ais given by
the (AJS(I,J) matrix, and N * NT is the diagonalized covariance represented by the standard
deviations in range, azimuth, and elevation measurements.

The covariance matrix, the time at which the detection was made, the track with which
is has been correlated, and the measured stabilized coordinates of the detection are pre-
sented to the KALMAN subroutine which determines the statistical distance. This completes
the process and control is returned to CORRAS. A flowchart of the process and a list of
Fortran variables are in Fig. 2.13 and Table 2.13, respectively.

Is
detecting
platform
tracking
platform

no

Set up matrix
for heading
rotation
H A, )

Set up matrix

for pitch and

roll rotation
P, J)

Is

this call

from LOAD
?

IT =NT IT = IDTA {IDETNO, IRAD, ISHIP)

[ 148 [

Set up m‘atrix RETURN
of partia!
derivatives
A2 {1, J)
100 yes

Is

X . Store covari-
iz(:\rc;g (r:noavtér]irx this call ance matrix 85
from LOAD : i
COVM (I, N 5 for updating
! process

Fig. 2.13 — Subroutine COVOWN
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ZM1 = XYZMS (IDETNO, 1, IRAD, ISHIP}
ZM2 = XYZMS{IDETNGO, 2, IRAD, ISHIP)
ZM3 = XYZMS (IDETNO, 3, IRAD, ISHIP)

detecting platform
tracking platform

X=2ZM
Y =ZM2
Z=2ZM3

CALL TRANSF

CALL COVLNK

88

TDEL = TMS (IDETNO, IRAD, ISHIP) — TIMLNK (MT, KSHIP)

Set up state
vector and pre-
dicted covariance
for KALMAN

Set up predic-
ted state vector
for KALMAN

CALL KALMAN

RETURN

Fig. 2.13 (Concluded) — Subroutine COVOWN
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Table 2.13 — Variables in COVOWN

Fortran

Variable Description

IRAD Number of radar making detection

ISHIP Number of platform making detection

IDETNO Number of detection under consideration

NT Number of track that correlates with IDETNO

SD Statistical distance

ISEC Sector in which detection was made

MT Multiple platform track number corresponding to NT

TRKST(1,d) File that contains MPT number of dummy track I
from platform J

PTFST(LJ) File that contains platform number of the platform
that is tracking dummy track I from platform J

SHD(I) Current heading of ship I

H(1,J) Array that accounts for platform’s heading in
coordinate transformation

P(1,d) Array that accounts for platform’s roll and pitch in

ROLL(J), PITCH(J)
ELND(IT,ISHIP,IRAD)
AZND(IT,ISHIP,IRAD)

RNND(IT,ISHIP,IRAD)
A2(LJ)

COVM(LJ)
COVMS(N,LJ X,L)
XYZMS(I1,J,K,L)

KFLAG

TMS(LJ K)

TIMLNK(I,J)
XSMO(LJ K)

coordinate transformation
Current roll and pitch of platform J

Noisy deck-plane measurements of target IT as made
by IRAD on platform ISHIP.

Array of partial derivatives of Ith component of
position vector with respect to Jth component of
measurement

Measurement covariance matrix

Measurement covariance matrix associated with
detection N, radar K, and platform L

Measurement position vector of detection I, radar K,
platform L

Indicator that tells KALMAN that call is for statistical
distance calculation (KFLAG = 2) or updating
(KGLAG =1)

Time at which detection I was made by radar J on
platform K

Time at which track I was last updated by platform J

Smoothed position vector of track J as determined by
platform K
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2.3.4 Subroutine COVLNK

Subroutine COVLNK is called by subroutine COVOWN and subroutine UPDATE.
When the tracking platform is not the detecting platform, COVLNK is called to produce the
measurement covariance matrix in the tracking platform’s stabilized coordinate system. The
measurement covariance is used by KALMAN to determine the statistical distance from the
detection to the target.

As with COVOWN the problem is to transform the measurement covariance matrix to
the stabilized coordinate system of the tracking platform. The process is further compli-
cated by uncertainties in the relative location of the two platforms. Mathematically it can be
represented as follows: the position vector with respect to the supposed location of the
tracking platform’s origin is given by

—> ~ - ~
X, + T[S, +AX,] +U (2.3.6)

where T and U are rotational and translational matrices, respectively.g1 is the location
of the target in the detecting platform’s stabilized coordinate system and AX; represents
the inexact location of the detecting platform. The position vector of the target in the
tracking platform’s stabilized coordinate system is given by

- - —>
S = X, -AX, (2.3.7)
~ > —> ~ =
=T[5, +AX,] +U-AX, (2.3.8)
~ o~ o~ —> ~ >
= T [H'P-D, +AY +AY,] + U-AX, (2.3.9)

~ ~ , —
where H and P are defined as in COVOWN and D is the position vector, of the target in the
detecting platform’s deck-plane system. The stabilized position vector (S5) can also be
expressed as a truncated Taylor’s series
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5y Sy 352/8Ax1 aAZ/aAyl aszlaAzl ... aszlan2 aszlaAy2 352/8&2 N,
1
L= 16|+ aszlan1 aszlaAyl 332/8A21 - i)szlan2 ('532/3Ay2 aszlaAzz NAyl
u, u, aszlan1 E)sz/E)Ay1 aSZ/aAzl .. aszlaA.x2 asz/aAy2 332/8A22 NAz
1
Nr
1
N (2.3.10)
m
N
%
' NA"z
NAy2
NA22
L =
or
- = ~
32 = Sz + AN (2.3.11)
and
- =z ~ >
S2 - S2 = AN (2.3.12)

where the elements of A are found from differentiating Eq. (2.3.9). The left side of Eq.
(2.3.12) represents the error in the position of the target in the tracking platform’s
stabilized coordinate system. Errors are induced by inaccurate measurements from the
detecting platform and the inexact locations of both platforms. It is the covariance of this
quantity that is needed for determining the statistical distance and vpdating, i.e.,

39

ITITSSYTIOND



GRINDLAY

Y, AN NTAT
cov (M) E(A*N°N'A%) (2.3.13)

or

= A-N-NT-AT (2.3.14)

which is represented by the COVM(I,J) matrix in the program listing and NNT is the
diagonalized covariance matrix represented by the standard deviations of measurements
and platform locations. The covariance matrix is returned to COVOWN or to UPDATE for
the KALMAN subroutine. The Fortran and variables not used in COVOWN are listed in
Table 2.14.

Table 2.14 — Variables Not Used in COVOWN

Fortran Description
Variable SCTp
KS Detecting platform
ID Detection number
IR Radar number of radar making detection
JSHIP Tracking platform
SLAT(I), SLOG(I) Current latitude and longitude of platform I
T(1,d) Transformation matrix for transforming from one
platform’s stabilized coordinate system to another
A(Ld) Array of partial derivatives as defined in Eq. (2.3.10)
N() Standard deviations of noise in measurement and
platform positions

2.3.5 Subroutine KALMAN

Subroutine KALMAN is called by subroutines COVOWN to provide statistical distance
information and by subroutine UPDATE to update the estimate of the state vector of a
given track. The smoothing and estimation process is performed by a Kalman filtering
algorithm similar to the 2D algorithm described in Ref. 3. The state equation in the tracking
platform’s stabilized coordinate system is given by

X(t +1) = ¢(t) X(t) + T(t) A(t) (2.3.15)
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where
x(t) 1T0000O
x(t) 010000
X@)y =] y® | , p@¢)=1001T7T00 |,

y(£) 000100

(1) 00001T

(1) 000001

[ w12 0 o0 ]
T 0 0
0 7% I a, ()
I't) = and A(t) =
0 T 0 t
ay () (2.3.16)

0 0 T2 a,(t)
0 0 T

with X(¢) being the state vector at time t consisting of position and velocity components
x(t), x(t), y(t), y (t), 2(t), and z(t), t + 1 being the next observation time, T being the time
between measurements, and a, (£), ay(t), and a,(t) being random accelerations whose
covariance matrix is Q(t). The observation equation is

Y(t) = M(£)X(t) + N(t),

where
xm(t) 100000 vx(t)
Y(t) = ym(t) , Mit)y=1001000 and N(t) = vy(t) (2.3.17)
zm(t) 000010 vz(t)

with Y(¢) being the measurement at time ¢ consisting of positions x,, (t), 2,,(¢), and y,, (¢);
and N(t) being zero mean noise whose covariance matrix is R(t), provided by COVOWN or
COVLNK.
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The problem is solved recursively by first assuming that the problem is solved at time
(t - 1). Specifically it is assumed that the best estimate X (f -~ 1|t - 1) at time (¢ - 1) and
its error covariance matrix P(t ~ 1|t - 1) are known, where the circumflex signifies an
estimate and X (¢ | s) signifies that X(¢) is being estimated with observations up to Y(s). The
six steps involved in the recursive algorithm are as follows:

Step 1. Calculate one-step prediction
X(tlt-1) = ¢(t - DX(t - 1]t - 1) (2.3.18)
Step 2.  Calculate the covariance matrix for one-step prediction,
P(tlt - 1) = ¢(t - 1)P(¢ - 1]t - 1)(t - 1) + T(t - 1)Q(t - DIt - 1) (2.3.19)
Step 3.  Calculate the prediction observation
Y(tlt - 1) = M(t)X(tlt - 1) (2.3.20)
Step 4. Calculate the filter gain
Aty = P(t|t - 1)M(t) [M(£)P(¢]t - 1)M(t) + R(2)] L (2.3.21)
Step 5.  Calculate a new smoothed estimate
X(tlt) = X(t]t - 1) + A(t) [Y(t) - Y(tlt - 1)] (2.8.22)
Step 6. Calculate a new covariance matrix
P(tlt) = [1 - A@)M(E)]P(tlt - 1). (2.3.23)

In summary, with an estimate X (t- 1|t~ 1) and its covariance matrix P(¢t — 1 |¢ - 1), after
a new observation Y(?) is received and the six quantities in the recursive algorithm are cal-
culated, a new estimate X (¢ | ) and its covariance matrix P(¢ | t) are obtained.

For each track, the first two passes through KALMAN are used to initialize the filter.
On the first pass the smoothed covariance is approximated by setting the appropriate ele-
ments equal to the measurement covariance matrix. On the second pass the definition of the
smoothed covariance matrix, the current measurement covariance, and previous smoothed
covariance and the time step are used to determine the elements of the new smoothed
covariance matrix. When KALMAN is called for statistical distance before the first two
passes are complete, the statistical distance is arbitrarily assigned a value of 10. The statisti-
cal distance as calculated by the model is the squared Mahalanobis distance [2] from the
smoothed track position to the predicted track position plus the Mahalanobis distance from
the smoothed position to the measured position. The Mahalanobis distance differs from the
Euclidian distance in that a covariance matrix kernel is used instead of the identity matrix.

The Fortran variables equivalent to the algebraic variables used in Eqgs. (2.3.18)
through (2.3.23) are listed in Table 2.15.
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Table 2.15 — Variables in Recursive Algorithm of Egs. (2.3.18) to (2.3.23)

Forjcran Description
Variable
XP(I) Predicted state vector X (tle-1)
ZM(I) Measurement vector Y(t)
PS(1,d) Smoothed covariance matrix P(¢ | t)
COVM(L,d) Measurement covariance matrix R(t)
TDEL Time between measurements T
H(1,J) Matrix M(t) from observation Eq. (2.3.17)
WT(1,J) Filter gain At
PHI(I,J) State transition matrix ¢(¢ - 1)
PP(1,d) Predicted covariance matrix P(¢ [t - 1)
COVS(1,d) Covariance of random accelerations Q(t)
G(J K) State transition matrix I'(¢ - 1)
XS(I) Smoothed state vector X (¢ | £)

2.3.6 Subroutine SORT

Subroutine SORT is called by the MULSIM executive routine. Its primary purpose is to
sort the detections associated with the tracks in a given sector into three distinct categories:
those associated with tracks from participating platforms, those associated with tracks from
the detecting platform’s file, and those associated with tracks that another platform is
responsible for updating.

SORT is presented with a designated platform, sector, and radar. The detections
associated with each track in the sector file are processed according to which category the
track falls into. If the track is a participating platform no further processing is required since
platform updating is not dependent on radar detections; however, it is proposed in the
future to use the detections of platforms to develop a bias removal scheme. If the track is
assigned to another platform, the detecting platform’s roll, pitch, and heading are placed in
files for transmission over the link, and a random delay is added to the detection time to
produce the time at which the detection information will be sent over the link. This
information is next used by the contact selector subroutine (TIMCON) to select contacts
for transmission over the link. Last, if the track is assigned to the detecting platform, the
linked TESTO file is loaded with information for accessing the detection files. TESTO con-
tains the identification number of all detections that have recently been associated with
the track under consideration.

When all tracks in the sector track file have been considered, control is returned to the

executive routine. A flowchart of the process and a list of Fortran variables are found in
Fig. 2.14 and Table 2.16 respectively.
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ENTER

Select track from I NT = DUMSX (ISEC, ISHIP)J

sector track file

Any tracks
left in file?

LOC = DETSX(NT}
IDETNO = ISTOR (LOX}

yes o

IDETNO =0
?

KS = PTFST {NT, ISH!P)
MT = TRKST (NT, ISHIP}

Is track a MPFLAG no Proposed bias
participating (MT,KS) =0 removal scheme
platform? ?
yes
no KS = ISHIP yes
?
| )

ROLLNK (iDETNO, ISHIP) = ROLL (ISHIP)
PITLNK {IDETNO, 1SHIP) = PITCH (ISH!P)
SHDLNK (IDETNO, ISH!P) = SHD {ISHIP)

CALL DETLOC

TESTO {LOC, 1) = IDETNO
TESTO {LOC, 2} = ISHIP
TESTO (LOC, 3} = IRAD

FILID {LOC) = FILFX {NT, ISHIP)
FILFX (NT, ISHIP} = LOC

CALL VRANF

TRAN {IDETNO, IRAD, ISHIP) = (RAND (1} *1, 9} 20
+.1+ TMS (IDETNO, IRAC, ISHIP) D
SDIST = SD (LOC}

CALL TIMCON - lr NT = DUMID (NT, ISHIP) J

Fig. 2.14 — Subroutine SORT
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Table 2.16 — Variables in SORT =

Fortran L -
Variable Description o

ISEC, ISHIP, IRAD Sector, platform, and radar under consideration

DUMSX(ISEC,ISTOP) | Array that contains the track number of first track in
platform ISHIP’s sector track file

DETSX(NT) Pointer that provides location of detection information
on detection that has been associated with track NT
ISTOR(LOC) File containing the number of the detection associated

with track NT. LOC is provided by DETSX.

PTFST(NT,ISHIP) Number of the platform responsible for updating track
NT from ISHIP’s dummy sector file

TRKST(NT,ISHIP) Number of MPT track that corresponds to track NT from
ISHIP’s dummy sector file

ROLL(I) . .

PITCH(T), SHD(I) Current roll, pitch, and heading of platform I

TMS(L,J,K) Time of detection for detection I in platform K’s Jth
sector

TESTO(LOC,I) Linked file containing numbers of the detections associ-

ated with track NT. File also contains respective platform
and radar numbers

I = 1; detection number
= 2; platform number
= 3; radar number

FILFX(NT,I) Pointer for accessing TESTO file. Gives location of last
detection number, etc., to be associated with NT from
platform I’'s dummy to be sector file

FILID(LOC) Linking device that links locations of all of the detections
associated with track NT

2.3.7 Subroutine TIMCON

Subroutine TIMCON is called by subroutine SORT. Its primary function is to act as a
rudimentary contact selector; i.e., it decides which of the many detections should be
selected for transmission over the communications link. This is accomplished by dividing
time into 1-s intervals and defining five intervals as a time slot. When a target is detected, a
flag (ISLOT) that identifies the associated track, the platform, and the time interval is
changed from zero to one. When additional detections are considered, the time interval flags
are examined. If a previous associated detection has been transmitted in the current time
interval or in the four previous time intervals (which totals one time slot), then the detec-
tion is rejected. For those detections selected for transmission, the LNKSTO file is loaded
with the detection number, the detecting platform’s number, the detecting radar’s number,
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the MPT number of the associated track, and the updating platform’s number. The
LNKSTO file is used in the updating process to identify the detections that are candidates
for updating a specified track.

This first-come-first-served type of selector is obviously not the optimum contact
selector. Other selectors are being considered and will be installed in the future. A flowchart
of the process and a list of Fortran variables are found in Fig. 2.15 and Table 2.17
respectively.

ENTER

Is
LNKSTO file full
?

Purge old detections
from LNKSTO file

Identify time interval
containing detection

Is time
interval or any
of 4 previous
intervals
full ?

Load LNKSTO
file

40|

‘ RETURN ’

Fig. 2.15 — Subroutine TIMCON
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Table 2.17 — Variables in TIMCON -
Fortran .- o
Variable Description =
IDETNO Number of the detection under consideration
MT Number of the MPT track associated with IDETNO
KS Platform responsible for updating track MT
IS,IR Platform and radar making detection IDETNO
ISEC Sector containing track MT
SDIST Statistical distance between MT and IDETNO
FULLNK Counter that keeps track of the number of detections in
LNKSTO file
TMS(ID,IR,,IS) Detection time of detection ID, from radar IR on
platform IS
TMRK(ISEC,IR,IS) Sector-crossing time at sector ISEC
ITIME Detection time truncated to an integer
MOD60 ITIME modulo 60 s
ISLOT(MT,KS,I) Time slot I for track MT from platform KS
LNKFSX Pointing device for accessing LNKSTO file
LNKID(LOC) Linking device that links locations in LNKSTO
LNKSTO(LOC,I) Linked file containing identification information on
associated detections that are being sent over the link
I=1; detection number
= 2; detecting platform’s number
= 3; detecting radar’s number
= 4; MPT number of associated track
= b; updating platform’s number

2.3.8 Subroutine LNKDET

Subroutine LNKDET is called by the MULSIM executive routine. Its primary purpose
is to chronologically order the detections associated with the tracks in the sector track file
designated by the sector/platform in the calling sequence. This includes detections made by
the updating platform and those provided by other platforms via the communications link.

LNKDET first interrogates the LNKSTO file, which contains all of the detections
transmitted over the link in the last 30 s. Those detections associated with tracks from the
updating platform (regardless of which sector the track may be in) are selected and stored
in the TESTO linked file, which, for each track, contains the detection numbers, the detect-
ing platforms, and the detecting radars corresponding to those detections associated with
the track that have not yet been used to update the track. After storing the detections in the
TESTO files, the locations that housed the detections in the LNKSTO file are vacated.
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The next step in the process is to consider each track in the sector designated in the
calling sequence. The detections associated with each track are called up from the TESTO
file and their locations in TESTO are placed in the ILOC sequential file according to their
times of detection. The location of the detection with the oldest detection time is placed at
the top of the file, i.e., ILOC(1). The locations in the TESTO file are vacated in the
UPDATE subroutine only after the detections are used in the updating process.

The ordered sequential file (ILOC) is presented to UPDATE for the updating proce-
dure. This process is repeated until all tracks in the designated sector have been considered,
whereupon control is returned to the MULSIM executive routine. Table 2.18 defines
variables used in LNKDET; Fig. 2.16 shows the flowchart for the subroutine.

Table 2.18 — Variables in LNKDET

Fortran

Variable Description

ISHIP, ISEC, IRAD Platform, sector, and radar to be considered for updating
process

DUMSX(ISEC,ISHIP) | Number of the last track to be placed in platform
ISHIP’s dummy track file

LNKFSX Location of last associated detection to be placed in
LNKSTO file
LNKSTO See Table 2.17.

DUMST(KS,MS,IS) Number of the track platform IS’s sector track files that
corresponds to track MS from platform KS’s MPT files

TRAN(ID,IR,IS) Time at which platform IS transmitted data on detection
ID

TMRK(ISEC,IR,IS) Sector-crossing time for sector ISEC, radar IR on
platform IS

TMS(ID,IR,IS Time at which platform IS detected detection ID with
radar IR

TLAST(NT,IS) Time at which track NT from platform IS’s dummy track
file was last updated

TESTO(LOCC,I) See Table 2.16.

FILFX(NT,ISHIP) See Table 2.16.

FILID(LOC) See Table 2.16.

PTFST(NT,IS) Number of the platform responsible for updating track

NT from platform IS’s dummy track file
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Table 2.18 (Concluded) — Variables in LNKDET

Fortran

Variable Description

TRKST(NT,IS) Number of the MPT corresponding to dummy track NT

MPFLAG(MT,KS) Indicator — MPFLAG = 0O indicates that track MT is not a
participating platform, otherwise MPFLAG is assigned a
value equal to the target number corresponding to the
platform

DUMID(NT,IS) Number of the track that was placed in platform IS’s
dummy track file prior to track NT

2.3.9 Subroutine UPDATE

Subroutine UPDATE is called by subroutine LNKDET to carry out the updating
process for NT, a designated track. There are two separate paths through UPDATE. One
path is followed when NT is a participating platform with position updatés coming from
NAVSTAR or JTIDS, and the other is followed when a target is being tracked from radar
measurements.

For those tracks that are of participating platforms, an attempt is made to emulate the
operation of a system that includes NAVSTAR or JTIDS. Updates to participating plat-
forms are made every 2 s and, to allow for time lags in the system, to within 1 s of current
time. Once it has been determined that an update has not been made within the last 2 s, a
call is made to SHPGEN and SCOORD to determine the platform’s position at current time
less 1 s. Because of the relative accuracy of JTIDS and NAVSTAR, the true stabilized coor-
dinates are used as measurements, and the measurement covariance matrix is arbitrarily set
with diagonal elements of 100 m2 and off-diagonal elements of 0.1 m2. This information is
presented to KALMAN for the platform updating.

For those tracks that are not of participating platforms, the first step in the process is
to examine the list of associated detections in the TESTO file. To allow for delays in proc-
essing, the subroutine considers only those detections that were made before TIMUP.
TIMUP is equal to current time less some appropriate delay (TIMLAG). The detections are
selected chronologically from the TESTO file (oldest first). The corresponding noisy
measurements are called up from the XYZMS file and if the detecting platform is not the
updating platform, the measurements are transformed to the updating platform’s stabilized
coordinate system by the TRANSF subroutine. This transformation is also carried out for
the true position coordinates, and the measurement covariance matrix is transformed by the
COVLNK subroutine. The measurements, together with the time from the last update, are
presented to KALMAN, which determines the new smoothed position for the track. After
the last detection is considered, the smoothed state vector, the smoothed covariance matrix,
and the predicted covariance matrix are stored in arrays for the next call to update.
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ENTER

Any
tracks in this sector
?

All
link detections
considered
?

I LOC = LNKID |

rKS = LNKSTO (LOC, 5)

Does

this detection correlate

with ISHIP track
?

no
o -

ID = LNKSTO (LOC, 1)

IS = LNKSTO {LOC, 2)

IR = LNKSTO (LOC, 3}

MT = LNKSTO (LOC, 4)

NT = DUMST {KS, MT, ISHIP)

transmission
time > current time,
?

ves

Was

detection

made before

last update,
?

CALL DETLOC

LOCOLD = LOC

LOC = LNKID (LOC)

CALL LNKDRP

TESTO (LOCC, 1)
TESTO (LOCC, 2)
TESTO (LOCC, 3) =
FILID (LOCC) = FILFX (NT, ISHIP)
FILFX (NT, ISHIP} = LOCC

o wo

Fig. 2.16 — Subroutine LNKDET
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I: NT = DUMSX (ISEC, ISHIPTI

200

no

l KSHIP = PTFST (NT, ISHIP) —l

l NT = DUMID {NT, ISHIP) J

J=J-1

280
KSHIP # ISHIP >
MT = TRKST {NT, ISHIP) —]
MPFLAG 1
(MT, ISHIP} = 0
?
K=0
LOCC = FILFX (NT, ISHIP}
CALL UPDATE
> 270
yes LOCC # 0
hl ?
no
> 220
\ ILOC (J) = LOCC
LOCC = FILID

ID = TESTO (LOCC, 1}
IS = TESTO (LOCC, 2)
IR = TESTO (LOCC, 3)
IDD = TESTO (ILOC (J—=1), 1}
1SS = TESTO (ILOC {J-1}, 2
IRR = TESTO (ILOC (J -1}, 3)

TMS
no (D, IR, 1S} > yes

TMS (IDD, IRR,
18S)
?

Fig. 2.16 (Concluded) — Subroutine LNKDET
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This completes the updating process for track NT, and control is returned to the
LNKDET subroutine. A flowchart of the process and a list of Fortran variables are found in

Fig. 2.17 and Table 2.19, respectively.

ENTER

MT = TRKST (NT, ISHIP)

Is this track yes
a part. plat-
form?

TIMUP = TMRK (ISEC, IRAD, ISHIP} — TIMLAG

I

Enter with track no.,
sector, radar, platform,
and track type

Load state vet DOSST = 1,N
oad state vector XS (I} = XSMO (I, MT, ISHIP)
and covariance matrix DOS5L = 1N
for KALMAN PS(I, L} = COVSMO (I, L, MT, ISHIP)
! X3
J=1
@10

ID = TESTO{ILOC (J), 1}
IS = TESTO (ILOC (J}, 2)
IR = TESTO (ILOC (J), 3)
IT = IDTA{ID, IR, IS)

Is detection time

TMS (1D, IR, IS) > TIMUP
> TIMUP? ?

999

RETURN

= XYZMS(ID, 1, IR, IS)
= SYZMS (ID, 2, IR, 1S)
= XYZMS{ID, 3, IR, IS)

Call up measurements

N < X%

Fig. 2.17 — Subroutine UPDATE
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TDEL = TMS (ID, IR, IS) — TLAST (NT, ISHIP)

Is detecting platform

ISHIP = IS

tracking platform?

?

CALL COVLNK

XT =X

YT =Y

T =2
XTT = XYZTRU{ID, 1, IR, IS)
YTT = XYZTRU(ID, 2, IR, IS)

ZTT = XYZTRU(ID, 3, IR, 1S)

Get noisy stab coordinates
w.r.t. tracking platform

CALL TRANSF

Get true stab coordinates
w.r.t. tracking platform

CALL TRANSF

Y

XTRU = YZTRU(ID, 1, IR, LS}
YTRU = XYZTRU(ID, 2, IR, IS)
ZTRU = XYZTRU (ID, 3, IR, IS}

DO 451 =
DO 45 L =
COVM {1, L} = COVMS (IS, I, L, LR, LS)

First pass for MT

yes
IFIRST (MT, ISHIP) # 0
XP (1) = X
XP (2} = XSMO {2, MT, ISHIP)
XP(3) =Y

XP {4} = XSMO (4, MT, ISHIP}

XP({5) =2
XP (6) = XSMO (6, MT, ISHIP)

45

Fig. 2.17 (Continued) — Subroutine UPDATE
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—

KFLAG =1

CALL KALMAN

il

IFIRST (MT, ISHIP} = IFIRST (MT, ISHIP} + 1

Participating platform?

MPFLAG (MT, ISHIP} # 0
?

yes

TLAST (NT, ISHIP)

TMS (ID, IR, IS)
TIMLNK {NT, ISHIP)

TMS (ID, IR, IS)

CALL DETLOC
CALL DETDRP

o

Are there no more detections
to be considered?

J=J+1

DO 35 | 1, N
XSMO (I, MT, ISHIP} = XS {I)
DO3BJ =1 N
COVSMO (I, J, MT, ISHIP) -
PRECOV (I, J, MT, ISHIP)

PS (1, J)
PP (I, J)

35
RETURN

Fig. 2.17 (Continued) — Subroutine UPDATE




Less than 2s
since last update
of platform?
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TMRK (ISEC, IRAD, ISHIP) — TLAST (NT, ISHIP) < 2

TiM1 = TMRK(ISEC, IRAD, ISHIP) -1
TDEL = TIM1 — TLAST (NT, ISHIP)

TDEL < 1 Yes
no

J = ISHIP
K = MPFLAG (MT, ISHIP)

CALL SHPGEN
CALL SCOORD

N < X

L]

RG (K, J)*SIN (AZ (K, JN*COS (EL (K, J)}
RG (K, J}*COS (AZ (K, J})*COS (ELIK, J))
RG (K, JI*SIN {EL (K, J}

Fig. 2.17 (Concluded) — Subroutine UPDATE

Cww

|
DO 85 L
COVM (i, L)

==

COVM {1, 1) = 100
COVM (2, 2) 100
COVM (3, 3) 100

999

RETURN
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Table 2.19 — Variables in UPDATE

Fortran
Variable

Description

NT
ISEC, IRAD, ISHIP

K

TRKST(LJ)

TMRK(I,J,K)
TIMLAG
TIMUP

XS(I)

PS(L,L)
TESTO(ILOC(J),K)
IDTA(ID,IR,IS)

XYZMS(ID,J,IR IS)

TLAST(NT,ISHIP)
XYZTRU(ID,J,IR,IS)

XSM@ (I,MT,IS)
TMS(ID,IR IS)

MPFLAG
IFIRST(MT,IS)

RG(I,J),AZ(1,J)
EL(1LJ)

COVM(L,J)
COVSMO(I,J,MT,IS)
PRECOV/(LJ,MT,IS)

Track number of updating candidate.

Sector containing NT, the radar that detected NT, and
the detecting platform

Indicator K =999 indicates that NT is a participating
platform; if K # 999, then K equals the number of detec-
tions that have been associated with NT.

File that contains the MPT track number of dummy track
I from platform J’s dummy track file '

Time at which radar J on platform K crosses sector I
Time lag to allow for processing/transmission delays

Current time less TIMLAG. Track NT will be updated to
TIMUP but not beyond.

Smoothed state vector
Smoothed covariance matrix
See Table 2.16.

File containing target number of detection ID
from radar IR on platform IS

Measurement coordinates of detection ID in platform IS’s
stabilized coordinate system

Time of last update for track NT

True position coordinates of detection ID in platform
IS’s stabilized coordinate system

Smoothed state vector of track MT from platform IS’s
MPT file

Time at which detection ID was detected by radar IR on
platform IS

See Table 2.18.

Counter that records the number of calls to UPDATE for
track MT

Range, azimuth, and elevation of target I with respect to
platform J in platform J’s stabilized coordinate system

Measurement covariance matrix
Error covariance for track MT
Predicted covariance for track MT
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3.0 SUMMARY AND RESULTS -
A computer simulation has been developed that will serve as a foundation for future =

software development and at the same time allow the user to demonstrate the advantages
and limitations inherent in a multiple platform sensor integration system.

Some preliminary results have been generated through the use of a simplified scenario
used in program development (see Fig. 3.1). In the scenario three ships are moving due east
near the equator. They are separated by 1° in latitude (60 n.mi.) or longitude, and a single
target is approaching from the east at 1000 m/s. Each ship has a single radar. The measure-
ment accuracies of all three radars are modeled by assuming standard deviations of 100 m
on the range measurement, 0.5° in the azimuth measurement, and 1° in the elevation
measurement. The radar on ship 1 has a 4-s scan rate and the radars on ships 2 and 3 are
scanning at a 6-s rate.

S——— e,

SHIP 3

60n.mi.

. 1,000m/s
0° x #

ST-IIP 1 I
60n.mi. ]

Fig. 3.1 — Simplified scenario (initial positions)

An example of a single ship’s tracking capability over a 100-s time interval is shown in
Fig. 8.2. In this case the measured and smoothed y coordinate of the target as determined
by ship 1 is presented. Since the y measurement as determined by ship 1 is essentially an
angular measurement, it does not have the accuracy associated with a range measurement;
consequently the measurement tends to be quite noisy.

When measurements from ship 2 are combined with measurements from ship 1 to pro-
duce the smoothed ¥y position, there is significant improvement in the system’s tracking
accuracy, as shown in Fig. 3.3.
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2000
|

*
SMOOTHED TRACK

o /

a-

= *
Z
@
>
<
)
> * * *
= o | I b& 1 X I 1 ey
?: a 10 20 * g o0 100 110 120 *130 . 140 150
o TIME (SEC)
w
(&)
2
=4
..—
a Y
[}

g ¥ x %

&

n

MEASUREMENTS
* SHIP |
-
= —4 X
SHIP | TARGET

Fig. 3.2 — One-ship system; track of target’s y coordinate

The improvement is less pronounced when ship 3 makes its contribution. However, it
should be noted that initially the y coordinate as determined by ship 3 is essentially a range
measurement that is very accurate. This is apparent in Fig. 3.4 as evidenced by the large
number of detections from ship 3, which initially lie close to the true position. These
accurate detections, together with the increased data rate, enable the 3-ship system to
produce a highly accurate track in a relatively short time. The accuracy of ship 3’s
¥ measurement decreases with time, whereas that of ship 2’s improves as the target
approaches ship 1.

Results have also been generated with a rudimentary contact selector that rejects track
measurements when a previous measurement has been made within some designated time
slot. Time slots of 3 and 5 s have been used with a 3-ship system to generate the results
shown in Figs. 3.5 and 3.6. The results are encouraging. The 3-s time slot, with a 25%
reduction in the number of detections, shows little degradation of track quality, and the 5-s
time slot with a 43% reduction gives track quality comparable to that of a 2-ship system
with no contact selector.
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Q
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N
*
[ou]
Qo
e + +
- *
.
*
- SMOOTHED TRACK N
* / . X Tt + * . *
1 — L ' ; e Loy M+ ¥ sy
< 10 xL EE NS B0 ® 70 be0— 790 100+ 110 T28 IS0 130
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*
*
M
Y
3 * % *
g-
T
=
MEASUREMENTS SHIP 2
* SHIP |
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ﬁ'————ﬁ:@——— X
SHIP | TARGET

Fig. 8.3 — Two-ship system; track of target’s y coordinate
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o
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Fig. 3.4 — Three-ship system; no contact selector. Track of target’s y coordinate
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Fig. 3.5 — Three-ship system with 3-s time slot; track of target’s y coordinate
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Fig. 3.6 — Three-ship system with 5-s time slot; track of target’s ¥ coordinate
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Appendix

PROGRAM LISTINGS

SOURCE LISTING

300

20

30

32

35

STATEMENT

PROAGRAM MAIN
COMMON/PLAT/IPLT(1000),XX1¢1000),YYY(1000),NP,YYN(1N00),IYIS(1000)
COMMAN/MORULO/ISLOT(20,5,60), IKEY(3),IMAD20,IMAD60
CAMMON/RADNEX/SECTIM(3,S), TIMNEX(3,5),NEXSEC(3,5),NR(S),NS,NT
CAMMON/NEW/AZ(20,20),RG(2C,20),EL(20,20)
CAMMON/DATEUP/NUMTRG ,NUMSHP
COMMON/SECTBR/KSEC(64U,5)

CALL R$STCP

cALL PLOTS(IPLT,1000,0,55)

NP =

PRINT 300

FORMAT(/, 18X, *TIME Y, 7X, VI, D, t, 109X, 01X, 12X, Y1, 123X, 2,11X,'VX?',
T11X, VY 11X, W2V, 71X, 'PLATFORMY)

TIME = 0,

KNIT = 1

CALL INITAL

NUMSHP 3 NS

NUMTRG = NT

NTS = NT+NS

CONTINUE

Call TRKGEN(TIME,NT)

CALL SHPGEN({TIME,NS)

CALL MOTION(TIME,NS)

DO 20 Je1,NS

CALL SCOORD(NT,NS,J)

CALL TCOORD(INT,J)

CALL STABI(NT,NS,J)

CONTINUE

CALL LOAD(KNIT,TIME)

IF(KNIT,EQ,2) G& TA 30

KNIT = 2

TIME = 1

GG TN 10

CANTINUE

CALL NEXRAD(IR,ISHIP,ISEC,TIME)
IF(KSEC(ISEC,ISHIP)Y NE,0) GO TH 32
IF(KSEC(ISEC=1,I8HIP) NE,0) G TO 32
IF(KSECCISEC+1,ISHIP)Y . NE.0) GO T8 32
IF(KSEC(ISEC=2,ISKIP) NE.D) GO TO 32
IF(KSECCISEC+2,TSKTP) NF,0) GO T8 32

Gt TO 38

CONTINUE

Do 35 I=1,64

KSEC(I,ISHIP) = 0

CANTINUE

CALL TRKGEN(TIME,NT)

CALL SHPGEN(TIME,NS)

CALLL MOYION(TIME,NS)

64
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CSN

0048
0049
0050
0051
0052
0053
0084
00SS
0056
0087
0058
0059
0060
0061
0062
0063
006d
006S
0066
0067
0068
0069
0070
0071

0012,

0073
0074
0075
0076
0077
0078
0079
00890
voetl
0082
0083
00ed4

18

55

60

NRL REPORT 8358

CALL SCOORDANT,NS,ISKIP)
CALL TCOORD(NT,ISHIP)

CALL DETFIL(IR,ISHIP,ISEC,NT,NS)
CaLL STABL(NT,NS,ISHIP)
CALL NOISY(IR,ISHIP,ISEC)
IF(TIME,LE, 1,1) GB TH 30
CONTINUE

ISEC = ISECe1
IF(ISEC,EQ,0) I1SEC=64

CALL PREDIC(ISEC,IR,ISKHIP)
I1SEC = ISEC~1
IF(ISEC,EQ,0) ISEC=64

CALL CORRAS(ISHIP,ISEC,IR)
CALL SORT(ISEC,ISHKIP,IR)
ITIM = TIME

MBD20 = MOD(ITIM,IMOD20)
IF(MBD20,NE,0) GO T8 6¢
MOAD6O 3 MADCITIM,IMBDGD)
IDEM = (MODK0/20) + 1
IF(IKEYCINDEM) NE,0) GO T8 60
K z MODe0+ 20

J = MODe0+1

DA 55 I=d,K

ne SS 1s=1,5

Do 55 MTs31,20
ISLOT(MT,I18,1) 3 0
CANTINUE

IKEY(IDEM) = 1

IDEM = IDEM¢1
IF(IDEM,EQ,4) ICEM=1
IKEY(IREM) = o

CONTINUE

CALL LMNKDET(ISHIP,ISEC,IR)
IFCTIME,LT,150,) GN TO 30
NP z NPai

RETURN

END

6b
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CSN

0001
goo2
0003
[T
000S
4qaé
0007
eoe8

0009
0010
0011

0012
00t3
0014
0015
0416
0017
0018
0019
Q020
00214
0922
0023
0024
0025
0026
0027y
Q028
002%
0030
0031
0032
0033
Q34
0035
0036
0037
0038
0039
90490
0041
gQ42
0043
0044
00us
0046
0047

GRINDLAY

SUBROUTINE INTTAL
CAMMON/LOCNEW/LASTN,FULSTE,LISTA(256),NEXSTO,KJ
COMMON/LIPDATE/ZILNC(20), TIMLAG,TESTA(S12,3),TLAST(256,5)
COMMON/TAG/ITAG(20,3,5,64)

COMMAN/COVY/ S1GAZD(20,2),SIGELD(20,2),RRODC(20,2)
COMMAN/STATIC/M(G9),N2(3)

COMMAN/KALAU/IFIRST(20,5),DIM ,NIM2,DIM3
CAMMON/MPT/DROPM (5}, MPTNO(5),FULLM(S),LISTM(5,20),
INEXTM(S),LASTM(S)

COMMON/LOCDETZLASDET FULDETY,LISNPET(256),NEXDET
COMMON/LOAD/XSAV(3,20,3),AZINT(3,5),RVEL(¢3,5),RNGDIM(5,3)
CAMMON/DUM/DROPD (S) ,DUMNOLS) ,FULLD(S),LISTD(5,512),NEXTD(S),
1LASTD(S)

COMMAN/CBRAS/DETSX(256),15TBR(256),0ETIN(S12)
COMMON/SART/FILFX(256,5),FILID(S12)
COMMON/RADNEX/SECTIM(3,5), TIMNEX(3,5) ,NEXSEC(3,5), NR(B),NS,NT
COMMON/PARZI/TILAT(20),TILOG(20),TIHT(20),TIV(20),TIHG(20)
CAMMON/PARL/SILAT(20),SILOG(20),SIHT(20),8IV(20),SIHN(20)
CAMMAN/PARB/ RMAG(20),PMAG(2N),WAR(20),wNP(20)
COMMON/PARY?/ RBLLC20),PITCH(20),RPHASE(20),PPHASE(20)
COMMON/LOCLNK/LASUNK,FULLNK,LISLNK(20) ,NEXLNK
CAMMAN/KALL/ PHI(20,20),G(20,20),H(20,20)
CAMMAN/MAODULO/ISLBT(20,5,60),IKEY(3),IM¥0DR20,IMBD60
COMMON/RANDUM/IRAN(20,5)

DIMENSIAN TVEL(256),SVEL(S)

REAL N,N2

INTEGER FILID,FILFX,FULLM,DRAPM,FULLD,OREPD,DIM],DIM2,0I*3,FULLNK

INTEGER DETSX,DETID,FULSTO
CaLL SETVR(LT)

KJ 3 0

RAD=,01745329252

DIMY =
OIMe =
DIMY =

TIMLAG
LASOET
NEXDET
RNGDIM(
RNGDIM(
N(1) @
N(2)
N(3)
NC4)
N(58)
N(6)
NCT)
N(8)
N{9)
N2(1) =

HNNREBNEN

2
256
1

L B2 V)

=
1,1) a 10000,
2,1) = 10000,
15.

15,

ea,

100,

1,

S

15,

15.

.20,

100,
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INITAL

CSN

oous
0049
0050
0051
0052
0053
0054
0055
0056
0057
00S8
0059
0060Q
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071

Qa72

0073
0074
0075
0076
0077
0018
0079
0080
0081
0082
0nes

QR4

0085
0086
0087
0088
0089
0090
0091
0062
0093

0094

0095
0096
0097

10

20

10

200
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N2(2) ® 1,

N2(3) = ,5

N(S) = N(S)aRAD
N(6) B N(6)YXRAD
N2(2) = N2(2)*RAD
N2(3) = N2(3)xRAD
SIGAZD(241) = .5
SIGELD(2,1) = 1,0
RHOD(2,1) = 100,
SI16AZD(1,1)s,5
SIGELD(1,1)=1,0
RHBD(1,1)=100,

D8 10 Im1,255
LISCET(I) = I+
DETSX(I) = o
CONTINUE

D8 20 l=1,2%56

08 20 J=1,S
FILFX(I,Jd) = @
CONTINUE

DA 30 Is1,512
FILID(I) = 0o
CONTINUE

D8 200 Is1,20

pe 200 J=t,S
IRAN(T,J) = J+Sa(1=1)
CONTINUE

NS = |

NS = 2

NS & 3

SIGAZD(3.1) =3 .S

SIGELD(3,1) = 1,0
RHOD(3,1) = foo0,
AZINT(1,3) = 270,
RVEL(1,3) = 90,
SILAT(3) = 1,
SILOG(3) = 3.
SIHT(3) =2 o,
SIHD(3) = 90,
SVEL(3) = 10,
RNGDIM(3,1) = 10000,
NR(3) s 1

NT & t .

NR(1) = §

NR(2) = %
AZINT(1,2) = 90,
AZINT(1,1) = 0
RVEL(1,1) = 90,
RVEL(1,.,2) & 60O,
DO 40 J=1,NS
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INITAL
CSN

0098
0069
0100
0101
eto2
0103
0104
0105
0106
0107
oto08
0109
0110
0itl
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
p122
0123
0124
012S
ola2ée
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137

0138
0139
0140
0141
0142
0143
0144
0145
0tde

40

S0

60

GRINDLAY

K & NR(J}

D8 4o Isi,K

SECTIM(I,J) = S,625/RVEL(I,I)
CONTINUE

SILAT(1)s0,

SILOG(1)=0,

SIHT(1})3Q,

SIHD(1)=a90,

TILAT(1) = 0,1
TILAT(1)=0,

TILAG(1)=e,

TIHT(1)=z2000,
TIHD(1)2=90,

SILAT(2)=1,

siLeG(2)=0,

SIHT(2)=0,

SIHD(2)=90,

TVEL(1)=300,

TYEL(1)=900,

TVEL(1) = {000,
SVEL(1)=10,

SVEL(2)=10,

ER=»6378388,

PR26359911,

Q1 = ER#ER

QR23PRxPR

DO S0 Iel,NTY
SI=2SIN(TILAT(I)2RAD)
CO=CASCTILAT(I)ARAD)
RHOTESORT(Q1202/(G12STaST+02+CN*CH)Y)
RHOT=RHOT+TIHT(I)
TIVCI)=(TVEL(I)/RHOT)/RAD
CONTINUE

DY 60 I=1,NS
SIESIN(SILAT(I)*RAD)
COxCOS(SILAT(I)*RAD)
RHOSESART(Q12G2/(G12STaSI+Q2xCAXCO))
RHOS=RHAOS+SIHT(I)
SIV(I)®(SVEL(I)/RHOS)/RAD
CONTINUE

C MATIAN INPUTS

RMAG(1)}=0,
PMAG(1)=0,
WOR(1)=0,
WwoP(1)=0,
RPHASE (1)s0,
PPHASE (1)=0,
RMAG(2)=0,
PMAG(2)=0Q,
WOR(2)=0,
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INITAL
CS8N

0147
0148
0149

0150
0151

0152
0153
0154
0155
0156
0157
0158
0159
0160
0161

0162
0163
0164
0165
0166
0167
0168
0169
0170
0171

0172
0173
0174
017S
0176
0177
01178
0179
0180
0181

0182
0183
0184
018%
0186
0187
0188
0189
0190
0161
0192
0193
0194
0195
0196
0197
0198
0199
o200
0201
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wapP(2)s0,
RPHASE (2)=0,
PPHASE (2)20,

€ MPTFIL AND DUMFIL INITIALIZATINN

70

89

90

110

120

130

140

pa 79 I=1,S
LASTM(I) =20
DROPM(I) =1
FULLM(I) = 19
LASTM(I) = 20
NEXTM(I) =1

Do 70 Js1,19
LISTM(I,J) = J4i
CANTINLE

DO 80 I=i,S
DREPO(I) = 1
LASTD(I) = 512
FULLD(I) = Sit
NEXTD(I) = 1

Do 2d J=1,511
LISTO(I,J) = J+1
CANTINUE

FULLNK 3 19
LASLNK & 20
NEXLNK 3 1

DA 90 Isl.19
LISLNK(I) 3 I+t
CONTINUE

pe 110 I=1,DIM2
D8 110 J=t,0IM
GtI,J) = 0,
H{Jd.1) 3 0,
CONTINUE

H{1.1) 2 1,

K2, 3) 1,

H(3,5) 1.

IM8D2¢ 20

IMOR6O & 60

D8 120 Is1,20

De 120 J=21,5

DO 120 K=1,690
ISLAT(I,J,K) = @
CANTINUE

D8 130 ITmi,20

pe 130 IR=:1,3

pe 130 18=331,5

DA 130 ISEC=1,64
ITAG(IT,IR,IS,ISEC) =2 ¢
CONTINUE

NEXSTO = 1

FULSTO = 258
LASTO 3 2586

D8 140 31,255
LISTO(I) al+et

CONTINUE

RETURN

END
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CSN

0001
0002
0003
0004
0005

0006
0007

0008
0009

0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0oel
0022
0023
0024
0025
0026
vo27
0028
0029
0030
003t
0032
0013
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0004

0045

40

45

GRINDLAY

SURRBUTINE LNAD(KNIT,TIME)

COMMON/KALRZ/ PS(20,20),PP(20,20),C0V8(20,20),C0VM(20,20),XP(20)
COMMON/LOAD/XSAV(3,20,3),AZINT(3,5),RVEL(3,5),RNGDIM(S5,3)
CAMMON/RADNEX/SFCTIM(3,8), TIMNEX(3,5) ,NEXSEC(3,5),NR(5),NS,NT
COMMON/MPT/DROPM(S),MPTINO(S),FULLM(S),LISTM(S,20),
INEXTM(S5),LASTM(S)
COMMON/UPDATE/ILOC(20),TIMLAG,TESTO(S12,3),TLAST(256,5)
COMMON/LINK/LNKFSX,LNKSTO(20,5),DUMST(5,20,5),TRKST(20,20),PTFST(2
10,20),LNKID(20), TIMLNK(20,5),ROLLNK(20,5),PITLNK(20,5),SHDLNK (20,5
2),XSM0(20,20,5),C0VSMN(10,10,20,5),PRECOV(10,10,20,5),MPFLAG(20,5)
COMMAN/DUMSEC/DUMSX (64,5),DUMID(S12,5)

COMMAN/DUM/DROPD(S) ,DUMNO(S),FULLD(5),LISTD(5,%12),NEXTD(S),
1LASTD(S)

COMMON/NEW/AZ(20,20),R6(20,20),EL(20,20)

COMMON/LBDE/NUMTAR

INTEGER DUMSX,DUMID,FULLD,DRORD,DUMNG ,PTFST,TRKST,DRAPM,DUMST
NTS © NT4NS

08 100 J=1,NTS

D8 100 K=1,NS

IF(KNTIT EQ,2) G& T8 40

IF((J=NT) ,EQ,K) GO TE 100

XSAV(1,J,K) 3 RG(J,KIASINCAZ(J,K)) « COSCEL(J,K))

XSAV(2,J,K) = RG(J,K)*«COS(AZ(J,K)) » COSCEL(J,K))

XSAV(3,J,K) 5 RG(JI,KINSINCEL(J,K))

60 T0 100

CONTINUE

IF((J=NT) ,EQ,K) GO TO 100

JSEC = AZ(J,K)%10,185916

ISEC = JSEC ¢ 1

DRAPD(K) = 1

CALL DUMFIL(K)

CALL OUMNEW(DUMNO(K),ISEC,K)

IF(K,EQ,1) G8& TA 4s

IF((JuNT) NE,1 AR, K ,NE,2) GO T8 SO

CONTINUE

DROPM(K) = 1

CALL MPTFIL(X)

TRKST(DUMNA(K),K) = MPTINO(K)

PYFST(DUMNO(K),K) = K

DUMST(K,MPTINO(K) ,K) -& DUMNB(K)

XSMB (1, MPTNO(K),K) = RG(J,K)I&SINCAZ(J,K)) » COSCEL(J,K))
XSMB(3,MPTNB(K),K) 3 RG(J,KINCBS(AZ(J,K)) » COSCEL(J,K))

XSMO (5, MPTNO(K),K) 3 RGCJ,KI*SINCEL(J,K))
XSMOA(2,MPTNB(K),K) = (XSMO(Y,MPTNO(K) K)eXSAV(1,J,K))/TIME
YSMO(4,MPTNO(K),K) = (XSMB(I,MPTNA(K),K)=XSAV(2,J,K))/TIME
XSMO (6, MPTNA(K)yK) 8 (XSKO(S,MPTINB(K) K)aXBAV(T, J,k))/TIME
TLAST(DUMNA(K) ,K) & 1§,

TIMULNKL{MPTNA(K) ,K) & 1

C INITIALIZE COVARIANCE FOR FILTER

IRD =1
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LOAD

(o185

0046
oo0u7
0048
0049
0050
0051
0052
0083
cos4
0055
0056
0087
0958
nose
N0e0

0061
0062
cnel
006U
0065
066
0067
0068
0069
0070
0071
onvre
0073
0074
007%
0076
0077
0078
0n79
0080
0081
0082
0083
0084
098s
0086

NRL REPORT 8358
10T = 0
CALL STAEBZ2(J,K,IRD)
NUMTAR = J

CALL COVOWNCIRD,K,IDT,DUMNB(K),SD,»ISEC)
CAVSMO(1,1,MPTNO(K),K) = COVM(1,1)
COVSMO(3Z,3,MPTNO(K),K) cavVM(2,2)
COVSMO(S,5,MPTNB(K),K) COVM(Z,3)
CAVSMB(L,3,MPTNO(K),K) CoOVYM(L,2)
CAVSMB(3,1,MPTNE(K),K) CoVM(1,2)
COVSMA(1,5,MPTNO(K),K) ® CO¥M(L,3)
CAVSMB(S5,1,MPTNR(K),K) CovVM(1,3)
CAVSMA(T, 5, MPTNO(K),K) covmM(2,3)
CHYSMO(S,3,MPTNB(K),K) covM(z,3)
MPFILAG(MPTNB(K),K) = 0

IF(J.GT NT) MPFLAG(MPTAM(K),K) = J

" u

Tusns

C MPFLAG NE ZERD INDINICATES PARTICIPATING PLATFARM

50

55

100

60

GA TO 100G

CONTINUE

TLAST(DUMNECK) k) = 1.

IF(K,GT,2 AND, (J=NT),EG,1) GA TH SS
TRKST(OUMNB(K),K) = MPTNO(1)
RTFST(DUMNALK) ,K) = 1
NUMST(1,MPTNB(1),K) = CUMNO(K)

GA T8 100

CHNTINUE

TRKST(CUMNA(K) ,K) = MPTNB(2)
PTFST(CUMNE(K),K) = 2
DUMST(2,MPTNR(2),K) = CUMNBO(K)
CANTINUE

GO 60 J=i,NS

K = NR{J)

DN 60 I=1,K

AZRAD = AZINT(I,J) + TIME«RVEL(I,J)
NEXSEC(T,J) = AZRAD/S,62S

RSEC = NEXSEC(I,J) + 1,

AZTH = (RSEC%5,625) « AZRAD
TIMNEX(I,J) 3 AZTA/RVEL(I,J)+TIME
NEXSEC(I,J) = MNEXSFC(I,J) + 1

IF (NEXSEC(I,J),6T,.64) NEXSEC(I,J) = NEXSEC(T,J)=64

CANTINUE
RETURN
END
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CSN

0001

0002

0003
0004
0005
0006
0007
0008
0009
0010

00114
0012
0013
0014
0015
0016
0017
0018
0019
0020
00214
0022
0023
0024
0025
0026
0027
0028

CSN

0001
0002
0003
oaod
0005
Q0064
0007
0008
0009
0010
0011
0012

GRINDLAY

SUBROUTINE MNEXRAD(IR,IS,ISEC,TIME)

CRRRFNIERI AR AR KRR AR R AR AR AR A A AR AR AR R A AR N R AR AR AR AR Rk AR R Ak b h A AR A h AN ANk ko
C SURRGUTINE NEXRAD DETERMINES WHICH RADAR WILL NEXT MAKE A SECTOR CROSSe

C ING

. ITS AUTPUT TDENTIFIES THE RADAR,THE SHIP, AND THE SECTOR, THE TIME

C OF THE SECTOR CROSSIMG IS ALSO GIVEN,
c*ttki*ttt*!ttﬁ!tti!*itttt*titi!tit***iitﬁﬂtii*tttt*itt*ttﬂﬁintttﬁlitﬁiﬁ

10

COMMON/DETECT/XYZMS(20,3,3,5),TMS(20,3,5),C0VMS(20,3,3,3,5),
{LSTBIN(64,100,3,5),X5(20), TMRK(64,3,5), TRATG(20),LNKRIN(20,3,5)
COMMAON/RADNEX/SECTIM(3,5), TIMNEX(3,5),NEXSEC(3,5),NR(S),NS,NT

CONTINUE

Ks1

Lat

SAVTIM = 100000,
DO 20 J=1,NS

JNR = NR(J)

DO 20 I=1,JNR

C CHECK T0 SEE IF TIME OF NEXT SECTOR CROSSING FOR THIS RADPAR IS GREATER
C THAN SAVTIM,

20

30

IFCTIMNEX(I,J).6T.SAVTI¥) GO TA 20
K &1

L aJ

SAYTIM = TIMNEX(I,J)

CONTINUE

ISEC = NEXSEC(K,L)

IR = K

Is s L

NEXSEC(K,L) = NEXSEC(K,L)+t
IF(NEXSEC(K,L),LT.65) GO TO 30
NEXSEC(K,L) = 1

CONTINUE

TMRKC(ISEC,K,L) = TIMNEX(K,L)
TIMNEX({K,L) 8 TIMNEX(X,L) ¢ SECTIM(K,L)
IF(TMRK(ISEC,K,L),LT,TIME) GO TO 10O
TIME = SAVTIM

RETURN

END

SIUBRBUTINE MOTIAON(TIME,NS)

COMMON/PAR7/ RALL(20),PITCH(20),RPHASE(20),PPHASE (20)
COMMON/PARS/ RMAG(20),PMAG(20),WAR(20),wAP(20)
RAD=2,01745329252

D6 100 I=1,NS
ARGICOS((WAR(I)I«TIME4RPHASE (1)) %RAD)
ROLL(I)ZRMAG(T)+ARG

ARGZCOS ((WOP(I)&TIME4PPHASE (1)) *RAD)
PITCH(I)=PMAG (I)*ARG

CONTINUE

RETURN

END
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0001 SUBROUTINE SHPGEN(TIME,NS) mn
0002 COMMON/PAR2/SLAT(20),SL0G(20),SHT(20),SHD(20) =
0003 COMMON/PARU/STLAT(20),STLOGC20),8THT(2¢),8IV(20),8IHD(20)
0004 RAD=,01745329252
0009 08 500 I=1,NS
0006 CaSIV(I)ATIMEARAD
0007 xPz0,
0008 YPaSIN(C)
0009 2PzCOS(C)
0010 X1gYP*xSIN(SIHD(I)aRAD)
0011 Y1sYP*COS(SIHD(I)#RAD)
o012 Z1sZP
0013 CLASCOS(SILAT(I)xRAD)
0014 SLAZSIN(SILAT(I)*RAD)
0015 CLe=COS(SILAG(I)aRAD)
0016 SLOSSIN(SILAG(I)ARAD)
0017 XGECLOAX1eSLA&SLOAY14CL AxSLNZY
0018 YGRCLA*Y1+SLAR2ZY
0019 262eSLOAX1aSLARCLOAY 1 +CLARCLORZ
0020 RAXXGHXG4+2ZG#21G
0021 R1=SORT(RO)
0022 IF(R1=,000001) 310,340,340
0023 310 IF(YG) 320,330,330
Qoed 320 S§LAT(1)==90,
0025 Gy T8 350
0026 330 SLAT(I)=90,
0027 G9 T8 350
0028 340 SLAT(I)3ATAN2(YG,R1)/RAD
0029 350 AZG=3ABS(26)
0030 IF(AZG=,000001) 360,390,390
0031 360 IF(XG) 370,380,380
0032 370 SLOG(I)==90,
0033 G8 TO 400
0034 380 SLOG(I)=90,
0035 GO T8 400
0036 390 SLOG(I)®ATANZ(XG,ZG)/RAD
0037 400 CONTINUE
0038 SHT(I)3SIKT(I)
0039 XPat,
0040 YPal0,
004t Pa0,
0042 AINT3ABS(SIHD(I))=180.
0043 IF(AINT=,000001) 402,403,403
0044 402 AINT=18Q,
0045 403 AINTESIHD(I)
Q046 X1aXP*COS(AINTARAD)
0047 Y1igeXPrSINCAINTARAD)
0048 Z1aZP
0049 CLASCOS(SILAT(I)*RAD)
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GRINDLAY

SHPGEN
CSN
00%0 SLAZSIN(SILATCI)ARAD)
00St CLO3COS(SILOG(II*RAD)
0052 SLOaSINCSILOG(I)*RAD)
0053 XG2aCLOXX1wSLA®SLBxY{+CLA#SLA*Z]
Q0S4 YG2xCLARY1+SLAx21
0055 2G23=SLO0AX1=SLANCLORY{4CLARCLORZ
0056 CLO3COS(SLOGCIIxRAD)
0087 SLOaSIN(SLOG(I)*RAD)
0058 XGiaCL®
0059 2G1==51 0
0060 ARGaIXG1&xXG2+42G1+262
0061 IF(ARG=1,) 420,410,410
0062 410 ARGR1, ]
0063 420 IF(ARG+1,) 430,430,440
0064 430 ARGz:=i,
0065 440 SHD(I)®ACOS(ARG)/RAD
0066 IF(AINT) US0,460,460
0067 450 SHD(I)==SHD(I)
0068 460 CONTINUE
0069 IF(SHDCI)) 470,480,480
0070 470 SHD(I1)=360,+4SHD(I)
0071 480 CONTINUE
0072 500 CONTINUE
0073 RETURN
0074 END
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CSN

0001
0002
0003
0004
000S
0006
0007
cocs
0009
0010
0011

0012

0013
0014
0015
0016
0017
0018
0o19
po2o
0021
Qo022
0023
0024
0025
ooae
o027
0028
0029
0030
0031
po3e2
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049

10
20

30

49
S0

60
70

80

99
100

102
103

NRL REPORT 8358

SUBROUTINE TRKGEN(TIME,NT)

COMMON/PARY/TLAT(20),TLBG(20),THT(20),THD(20)
COMMON/PARZ/TILAT(20),TILOG(20),TIHT(20),TIV(20),TIKE(20)

RAD®,017453292S52

D8 200 I=1,NT
CaTIV(I)*TIME&RAD
XP=o,

YPESIN(C)

ZP=COS(C)
X18YP2SIN(TIHD(I)4RAD)
Y1sYPxCOS(TIHD(I)xRAD)

2isZP

CLASCOS(TILAT(I)xRAD)
SLASSIN(TILAT(I)xRAD)
CLOSCAS(TILOG(II*RAD)
SLOaSIN(TILOG(I)ARAD)

XGeCLOXX1wSLARSLO#Y1+CLA+SLOKZ]Y

YGaCLA#Y1+4SL A2

2GauSLOXX1wSLAXCLOAY{4CLAXCLARZY

ROXXGAXG+ZG%ZG
R12SQRT(RO)
IF(Ri=~,000001) t0,40,40
IFCYG) 20,30,30
TLAT(I)=z=90.

66 TO SO

TLAT(I)=S90Q,

Gh 768 50
TLAT(I)SATAN2(YG,R1)/RAD
AZG=ABS(26)
IF(A2G=,000001) 60,90,90
IF(XG) 70,80,80
TLOG(I)==90,

GO TO 100

TLOG(I) =90,

GO TO 100
JLOG(I)ZATAN2(XG,ZG)Y/RAD
CONTINUE

THT(I)=TIKT(I)

XPsi,

YPao0,

2P=0,
AINTEABS(TIHD(I))=180,

IF(AINT=,000001) 102,103,103

AINT=18¢C,
AINTETIHD(I)
X1sXPxCOS(AINTARAD)
Y1zeXPxSIN(AINT®RAD)
21a2P
CLASCOS(TILAT(I)aRAD)
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TRKGEN
CSN

00s0
0051
(L LT
0083
00S4
0055
0056
0057
00s8
0059
0060
0061
0062
0063
0064
0065
0066
0067

0068

0069
0070
0071
0072
0073
0074

110..

120
130
140

150
160

{70
180
200

GRINDLAY

SLASSIN(TILAT(I)ARAD)
CLO3COS(TILOG(I)*RAD)
SLOaSINCTILAOG(I)xRAD)
XG2BCLORX1mSLAXNSLOaY 4CLAXSLO%ZY
YG23CLAAY1+SLARZY
2G28wSLORX1=mSLARACLORY 1 +CLAXCLOxZY
CLOBCOSC(TLAG(I)ARAD)
SLOSSINCTLAG(I)®RAD)
XG1=CLO

7G1a=SL0
ARGEXG1aXG2+2G122G2
IF(ARG=1,) 120,110,110
ARGal,

IF(ARG+1,) 130,130,140
ARGae=1,
THO(I)=ACOS(ARG)/RAD
IFCAINT) 150,160,160
THD(I)==TED(I)
CONTINUE

IF(THD(I)) 170,180,180
THD(1)=2360,+4THD(I)
CONTINUE

CONTINUE

RETURN

END
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CSN

0001
0002
0003
0004
000S
0006
0007
0008
0009
0010
0031
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029

0030,

0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049

40
Q0

150
160

NRL REPORT 8358

SUBRAUTINE SCHNRD(NT,NS,ISHIP)
COMMON/SECTOR/KSEC(64,8)
COMMON/PAR2/SLAT(20),5L0G(20),SHT(20),5HN(20)
COMMONANEW/AZ(20,20),RG(20,20),EL(20,20)
ERz6378388,

PR=6359911,

PYI 3 3,141592654

TOP1 = PIx2,

N1 xERXER

RAD=2,0174532925%5¢2

Q2sPR«xPR

J = ISKHIP

SLOP = SIN(SLOG(JIxRAD)

CLOP = COS(SLOG(J)ARAD)

SLAP a SIN(SLAT(J)*RAD)

CLAP =& COS(SLAT(J)2RAD)

RHOS = SGRY(Q1%G2/(01*SLAPxSLAP+Q2xCLAP*CLAPY)
RHAS=RHABS+SHT (J)

D& 200 Iafl,NS

IF(I.EQ,J) GO TO 200
SIsSIN(SLAT(I)*RAD)

CO=COS(SLAT(I)xRAD)
RHATSSORT(Q1%xQ2/(01*SI*xSI+Q2xCNxCH))
RHOTSRHAT+SHT (1)

CLABCOS(SLAT(TI)2RAD)
SLASSINCSLAT(I)*RAD)
CLOBCOS(SLAG(I)wRAD)
SLOZSIN(SLAG(I)I*RAD)

XeRHEOTACLARSLE

YRRHOT*SLA

2aRHOTACLA=CLO

XP 5 CLOPaX=SLOPa2

YP 3 «SLAPASLOP+X4CLAPAY=SLAPXCLOPx?

ZP = CLAPRSLOPaX4SLAPRY+CLAPACLOPAZ=RHES
DUMSXPxXP+YPaYP

SDUMSSQRT (DUM)

AYPSABS(YP)

K = IeNT

AZ(K,J) = ATANZ2(XP,YP)

EL(K,J) ® ATAN2(ZP,SDUM)

RG(X,J) 3 SQRT(DUM+ZP%xZP)

IF(AZ(K,J)) 150,160,160

AZ(K,J) = TOPI+AZ(K,J)

CANTINUE

ISEC 3 AZ(K,J)*10,185916

ISEC 3 ISECet

KSEC(ISEC,ISHIP) = KSECC(ISEC,ISHIP) ¢ 1
CONTINUE

RETURN

(i

Lowi
—
e«
P
o=
o
m
[
poym
poum

e



CSEN

0001
oo0e2
0003
0004
0005
0006
0007
0008
0009
00iaQ
0011
012
0013
0034
001S
0016
0017
0018
0019
0029
0021
00e2
0023
g2
0025
0026
0027
0028
00e9
00390
00314
003¢
0033
0034
0035
Q036
0037
0038
0039
0040
0041
Qo042
0043
0044
0045
0046
0047
0048
0049

49

100

150
160

200

GRINDLAY

SUBROUTINE TCAORD(NT,ISHIP)
COMMON/SECTAOR/KSEC(64,5)
COMMON/PARY/TLAT(20),TLOG(20),THT(20),THD(20)
CAMMON/PAR2/SLAT(20),SL8G(20),SHT(20),SHD(20)
COMMON/NEW/AZ(20,20),R6(20,20),EL(20,20)
P1. 3. 3,141592654

TOPI = Plxp,

EReb1378388,

PRe6359911,

RAD=2,01745329252

Q13ER«ER

923PR%PR

J = ISKIP

SLAP = SIN(SLOG(J)aRAD)

CLOP = COS(SLOG(J)*RAD)

SLAP 3 SIN(SLAT(J)xRAD)

CLAP = COS(SLAT(J)*RAD)

RHOS = SORT(Q1aQ2/(QixSLAPASLAP+G2ACLAPACLAP))
RHOSERHAS+SHT (J)

DO 200 I=1,NT

SIaSIN(TLAT(1)xRAD)

CO=COS(TLAT(I)*RAD)
RHOTESART(Q1#02/(01#514SI1+02xCARCA))
RHOT2RHOT+THT(I)

CLASCOS(TLAT(I)=RAD)
SLASSIN(TLAT(I)aRAD)}
CLOZCOS(TLOG(I)*RAD)
SLOaSIN(TLAG(I)RAD)

XsRHOT*CLARSLA

YzRHOTAS| A

Z3RHOT*CLAXCLO

XP = CLOPAXwSLOPx2

YP 3 «SLAPASLOPAX4CLAPAYSLAPACLAPX2

ZP 3 CLAPASLAPxX+SLAP#Y+4CLAP*CLOP*2=RHOS
DUMBXPAXP+YPaYP

SDUUMBSQRT (DUM)

AZ(1,J) = ATAN2(XP,YP)

EL(I,J) 3 ATAN2(2P,SDUM)

CONTINUE

RG(I,J) 3 SQRT(DUM+ZP#ZP)

IF(AZ2(1,J)) 150,160,160

A2(1¢J) 3 AZ(I,J)+ TOPI

CONTINUE

ISEC = AZ(1,J)=*10,185916

ISEC = ISEC+!}

KSEC(ISEC,ISHIP) = KSEC(ISEC,ISHIP) + 1
CONTINUE

RETURN

END
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CSN

0001

0002

0003
0004
0005
0006
0007
6008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018

0019

0020
0021

0o0e2e
0023

0024
0025
0026
0027
0028
0029
0030

0031

0032
0033

0034
0035
0036
0037
.qol8
0039
0040
on4t
0042
0043
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SUBROUTINE DETFIL(IR,IS,ISEC,NT,NS)
c**t*i*tt**it*iit*!iﬂt**i!kit**i*ittkiﬁt*it**tﬁiﬁt*iti*i*i*i*iiﬁ*i!ﬁiiﬁ
C SURRAUTINEDETFIL ASSIGNS DET, NO'S aND RANGE BINS T% TARGETS , IT IS
C THE FIRST STEP IN CREATING DETECTINNS FROM THE STABLIZED TARGETY
C POSITIONS PROVIDED BY THE STIMULATIAN PRECESS,
ctkttttt*iit**!t*tti***tltttiiit*iit*ii*ti!t*ittiitt!*ii*iii*iii*ittiit

CﬂMMGN/DETECT/XYZNS(20,3,3,5)'THS(EO;I,S):CGVMS(20a3,3r3:5)r

ILSTBIN(64,100,3,5),X5(20),TMRK(64,3,5),TRATG(20),LNKRIN(20,3,5)

CAMMON/NEW/AZ(20,20),RG(20,20),EL(20,20)

COMMON/DETFIL/IDET(%,5),IDTA(256,3,5)

CHMMBN/LUAD/XSAV(B,ZO.S)nAZINT(3.5).RVEL(3:5)-PNGDIM(513)

COMMON/TAG/ITAG(20,3,5,64)

INTEGER TRATG

ISECM1 3 ISECw}

IF(ISECM1,EQ,0) ISECMI = 64

NTS 2 NT+NS§

J = IS

DA 200 JRN=z1,100

LSTBIN(CISEC,JRN,IR,IS) =0

200 CONTINUE

AZLO = 5,625x(ISEC=1)

AZHI = 5,625+ (ISEC)

DO 100 I=31,NTS

K 5 leNT

C IF TARGET IS ISHIP GO TO NEXT TARGET
IF(K.EQ.J) GO TA 100
C IS TARGET IN SECTAR?

AZR = AZ(1,J)%57,29577¢
IF(AZR,LE,AZLO,0R,AZR.GT.AZHI) Go T8 100

C FIND RANGE BIN

JRN = RG(I,J)/RNGDIM(IS,IR)
ccc CHECK T@ SEE IF TARGET IS WITHIN MINIMUM RANGE
IF(JRN,EG,0) GO T® 190

C CHECK 1O SEE IF FILE IS FULL

IF(IDET(IR,18),6E.20) GO T& 20
IDET(IR,18) = IDET(IR,IS) + |
GO TO 30

20 .CONTINUE
IDET(IR,18) =

30 CONTINUE.
10 a3 IDET(IR,IS)

C.LINK DETECTIONS TO TARGETY,

IDTA(ID,IR,18) = 1

ccc CHECK T8 SEE IF TARGET WAS DETECTED IN PREVIAUS SECTOR
IFCITAG(1,IR,15,ISECM1) . EQ,1) GO T8 199
ITAG(I,IR,IS,ISEC) = |

C LOAD QETECTION NUMBERS IN DETECTION FILE

TRATG(ID) =0
LNKBINCID,IR,IS) = LSTBIN(ISEC,JRN,IR,IS)
LSTBIN(ISEC,JRN,IR,IS) 2 ID
199 CONTINUE
100 CONTINUE
DO 150 IT=1,20
ITAGC(IT,IR,15,ISECML) 3 O
150 CONTINUE
RETURN
END
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CSN

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
004
0042
0013
0014
0015
0016
0017
oaid
0019
0020
00214
o022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
00315
0036
0037
0038
0039
0040
0041
0042
0043

210
220

240
250
260

40
50
60
65

100
110
150
200

GRINDLAY

SUBRAUTINE STAB{(NT,NS,ISHIP)
COMMON/RADIAN/XX(20,20),YY(20,20),585(20,20)
COMMON/NEW/AZ(20,20),R6(20,20),EL(20,20)
CAMMOBN/PART/ ROLL(20),PITCH(20),RPHASF(20),PPHASE(20)
COMMON/PAR2/SLAT(20),5L.NG(C20),SHT(20),SHN(20)
COMMON/NEW2/ AZD(20,20),ELD(20,20),0LDAZ(20,20)
RAD=,01745329252

PI = 3,141592654

TOPI = Plwx2,

NTS=NTHNS

J = ISHIP

RR = ROLL(J)#RAD

PP = PITCK(J)*RAD

Do 200 I=21,NTS

IF(1=NT,EQ,J) GO T8 2n¢

AZR ® AZ(1,J)e(SHD(J)*RAD)

ELR = EL(I,J)

AAZSSABS(AZR)

IF(AAZS=PI ) 210,240,240

IF(AZR) 220,260,260

AZR 8 TOPI#AZR

GO TO 260

IF(AZR) 250,260,260

AZRETOPI=AAZS

CONTINUE
CsCOSCAZRIXSINCPPI+TAN(ELR)*COS(PP)
X=SIN(AZR)*COS(RR)+C4SIN(RR)
YaCOS(AZRIXCOS(PPI=TAN(ELR)ASIN(PP)

XX(I,J) = X

YY(I.J) 2 Y

AZD(TI,J) = ATANZ(X,Y)/RAD

IF(AID(I,J)) 60,65,65

AZD(I,J)= 360,.+4 AZD(I,J)

CONTINUE
CaCOS(ELRI*COS(AZRIASIN(PPY+SINCELR)#COS(PP)
S§3C*COS(RR)=COSCELRI«SIN(AZRI*SIN(RR)
SS(1,J) 3 8

FLDCI,J) = ARSIN(S)/RAD

CONTINUE

CANTINUE

CONTINUE

RETURN

END
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CSN

00014

6002

0003
0004
0008

0006

0007
0008

0009

0010
0011t
00t
0013

0014
0015
0016
0017
0018
0019
0020
0021
0022
0023

NRL REPORT 8358

SUBROUTINE NOISY(IR,IS,ISEC)

Ca Rk R AR R R AR R R R AR AR A R R A AR AR R A A AR AR R RN AR AR AR A AN R R R A AR AR R RN A A AR R A
C SUBRROUTINE NOISY OUTPUTS THE NAISY X,Y,2 STABLIZED CAARDINATES

C OF EVERY DECTISN IN SECTOR ISEC

CAM AN RN AR N R AR AR AR A SRR A AR AR A RN R KRR RN RR IR AR R AR I I AR KA AR A AR R AR A AR AR R

COMMON/DETECT/XYZMS(20,3,3,5),TMS(20,3,5),C0VMS(20,3,3,3,5),

1LSTBIN(64,100,3,5),XS¢20), TMRK (64,3,5),TRATG(20),LEKBINC20,3,5)

COMMON/DETFIL/IDET(3,S5),IDTA(256,3,5)
COMMON/NEW/AZ (20,20),RG(20,20),EL(20,20)
COMMON/TRUE/XYZTRU(20,3,3,5)

€ GO THRU ALL RANGE BINS IN SECTOR

D8 100 JRN=i,100

C FIRSY DETECTION IN RANGE BIN

10

ID = LSTBINCISEC,JRN,IR,18)
CONTINUE

C CHECK T8 SEE IF THERE ARE ANY OTHER DETECTIONS IN RANGE RINS

C GET

IFCID,EQ,0) GO TO 100

TARGET NUMBER CORRESPOADING TO DETECTION

IT = IDTA(ID,IR,IS)

XYZTRUCID,t,IR,IS) = RGCIT,IS)&SIN(CAZ(IT,IS)I*CASCEL(IT,IS))

XYZTRU(ID,2,IR,IS8) = RGCIT,IS)«CAS(AZ(IT,IS)Y)*COSCEL(IT,IS))

XYZTRUCID,3,IR,I8) a RGCIT,IS)I*xSIN(ELCIT,IS))

NOISY STABILIZED RANGE,AZ,EL,

CALL STAB2(¢IT,IS,IR)

XYZMS(ID,1,IR,IS) = RG(IT,IS)ASINCAZ(IT,IS)) * COSCELC(IT,IS))
XYZMS(ID,2,1IR,18) 3 RG(IT,IS)*COSCAZ(IT,IS)) * COS(EL(IT,IS))
XYZMS(ID,3,IR,I8) = RG(IT,IS)*SINCELCIT,IS))

TMSC¢ID,IR,IS) = TMRK(ISEC,IR,IS)

ID = LNKBINCID,IR,1S8)

GM TO 10

CONTINUE

RETURN

END
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CSN

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011t
0ot
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
6038
0039
0040
0o0ul
0042
0043
0044

40

100

GRINDLAY

SUBROUTINE STAB2(I,J,K)
COMMON/NEW/AZ(20,20),RG(20,20),EL(20,20)
COAMMON/RANDUM/TRAN(C20,5)

COMMOBN/NDECK/AZND (20,5,3),ELND(20,5,3),RNND(20,5,3)
COMMON/RADIAN/XX(20,20),YY(20,20),55¢20,20)
COMMON/PAR2/SLAT(20),8L0G(20),SHT(20),8HD(20)
COMMAN/COVY/ SIGAZD(20,2),SIGELD(20,2),RHND(20,2)
COMMBN/PAR7/ ROLL(20),PITCH(20),RPHASE(20),PPHASE(20)
COMMON/NEW2/ AZD(20,20),ELD(20,20),0LDAZ(20,20)
DIMENSION RAN(100)

RAD=,03745329252

PI = 3,141592654

CALL SETVR(IRAN(I,J))

NNN = 6

CALL VRANF(RAN,NNN)

ARG 3 w2 ,xALOG(RANC(1))

RND = SQRT(ARG)* CO8S(6,28324RAN(2))

AZR 3 ATAN2(XX(1,J),YY(I,J)) #SIGAZD(J,K)*xRND2RAD
ARG ® 2, %wALOG(RAN(3))

RND = SQRT(ARG)a COS(6,2832xRAN(U))

ELR = ARSIN(SS(I,J)) +STGELD(J,K)*RND#RAD

ARG = =2, *ALOG(RAN(S))

RND 3 SGRT(ARG)» CMS(6,28324RAN(H))

IRANN = RAN(6)I*10000,

IRANN = (IRANN®2)+1t

IF(IRANN EQ,IRAN(I,J)) IRANNzIRANN+1
IRAN(I,J) = IRANN

RG(I,J) = RG(I,J) ¢+ RHBD(J,K)%RND
AZND(I,J,K) = AZR

ELND(I,J,K) 5 ELR

RNND(I,J,K) = RG(1,J)

RR = RALL(J)%RAD

PP & PITCH(J)#RAD
X2=SIN(RRY®SINCELR)4COS(RRIASIN(AZRIACOS(ELR)
CaCOBS(RR)XSIN(ELRI+SIN(RRIASIN(AZR)*CASCELR)
YZCOS(PP)*COS(AZR)IACOS(ELR)+SIN(PP)*C
AZEZATANZ(X,Y)

A2(I1,J) ® AZE +SHD(J)2RAD
CECOS(RR)*SIN(ELR)+SIN(RRIASIN(AZRIACOS(ELR)
SzeSIN(PP)*COS(AZR)*COS(ELR)+COS(PP)aC
ELEZARSINCS)

EL{I+J) & ELE

RETURN

END

82



CSN

0001

0002

0003
o004

0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017

0018

0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
6037
0038
0039
0040
0041
0042
0043

¢ susm
C CRO
C ADJ

10

290

30

35

NRL REPORT 8358

SUBROUTINE PREDIC(ISEC,TR,I1S)
ROUTINE PREDIC DETERMINES THE POSITION OF TRACKS AT THF SECTOR
SSING TIME, RASED ON THIS PREDICTED POSITION IT ALSO MAKES
USTMENTS TO. THE SECTOR TRACK FILES.
COMMON/DETECT/XYZMS(20,3,3,5),TMS(20,3,5),C0VMS(20,3,3,3,5),
ILSTBINC64,100,3,5),%X8¢20),TMRK(64,3,5),TRATG(20),LNKBIN(20,3,5)
COMMON/DUMSEC/DUMSX (64,5),DUMID(512,9)
COMMON/LINK/LNKFSX,LNKSTO(20,5),DUMST(5,20,5),TRKST(20,20),PTFST(2
10,20),LNKID(20),TIMLNK(20,5) ROLLNK(20,5),PTTLNK(20,5),SFELNK (20,5
2),X8M0(20,20,5),C0vVSM0(10,10,20,5),PRECOV(10,10,20,5),MPFLAG(20,5)
COMMON/PREDIC/RAEDUM(256,3,5),XYZDUM(256,3,S)

DIMENSION X(9),TDUM(25¢,5)

INTEGER DUMSX,DUMID,PTFST,TRKST

Pl 3 3,141592654

TOPI = PIx2,

NT a DUMSX(ISEC,IS)

TIME = TMRK(ISEC,IR,IS)

CENTINUE

IF(NT,EQ, 0) GN TO 999

R s 0,

MT = TRKST(NT,18)

KS s PTFST(NT,18)

IF(KS,EQ,I8) GO TH 20

XT = XSMO(1,MT,KS)

YT = XSMO(3,MT,xS)

2T = XSMO(5,M7,KS)

CALL TRANSF(XT,YT,27,X(1),X€2),X(3),18,KS)

XT = XSMO(2,MT,KS)

YT 3 XSMO(4,MT,KS)

Z1 5 XSMO(6,MT,KS)

CALL VTRANS(XT,YT,ZT,X(4),X(5),X(6),15,KS)

G8 T6 30

CONTINUE

X(1) = XSMO(1,MT,18)

X(2) = XSMM(3,MT,18)
X(3) = XSMO(S,MT,1S)
X(4) 3 XSMO(2,M7,1IS)
X(5) = XSMO(4,MT,I8)
X(6) 3 XSMO(6,MT,18)
CONTINUE

pe 35 I=1,3

JzIle+d

XYZDUM(NT,1,I8) & X(I)+X(J)a(TTME=TIMLNK(MT,KS))

R 3 R+ XYZDUM(NT,I,IS8)4XYZDUM(NT,I,I8)

CANTINUE

NTT 3 DUMIDINT,IS)

TOUM(NT,IS) & TIME

RAEDUM(NT,1,IS8) s SGRT(R)

RAEDUM(NT,2,IS) = ATANZ(XYZDUM(NT,1,IS),XYZDUM(NT,2,18))
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PREDIC
CSN

0044

0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0058
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
9075
0076
0077
0078
0079
0080
0081
0082

0083

0084
0085
0086
eoa?
0088
0089
0090

50

60

665

667

70

65

778

90

666

999

GRINDLAY

TEM 2 SQRTY(XYZDUMINT,1,1S)*XYZOUMINT,1,18) + XYZOUM(NT,2,18)aXYZDU
1M(NT,2,18))

RAEDUM(NT,3,I8) = ATANQ(XYZDUM(NTY,3,18),TEM)
IF (RAEDUM(NT,2,18),6E, ©¢.,) GO TO So
RAEDUH(NT;Z,IS) x RAEDUM(NT,2,18) + TOPI
GO TO 60

CANTINUE

IF (RAEDUM(NT,2,18) ,LE.TOPI) GO T8 60
RAEDUM(NT,2,18) = RAEDUM(NT,2,1S8)e TOPI
CONTINUE

IF(ISEC,EQ,1 ,AND, RAEDUM(NT,2,18),GT,.P1) GO T8 666
IF(ISEC,EQ,64 ,AND, RAEDUM(NT,2,1S).LT,PI) GS TH 777
AZSEC23 ISECx(TOPIl/é&4.)
AZSECI3(ISEC=1)%(TOPI/64,)

IF (RAEDUM(NT,2,18) ,GE.AZSEC1) GO T& 70
ISM = ISEC=1

CONTINUE

AZSECM 3 (ISM=1)»(TORI/64)
IF(RAEDUM(NT,2,18),GE.AZSECM) GO T8 667
ISM 3 JSMmy

GO TO 665

CONTINUE

CALL DUMCRP(NT,ISEC,IS)

CALL DUMNEW(NT,ISM,I8)

Gh TO 9Q

CONTINUE

IF (RAEDUM(NT,2,15) ,LE.AZSEC2) GO TO 90
ISP =ISEC+1

CONTINUE

A2SECP = 1SPx(TOP1/64,)
IF(RAEDUM(MT,2,18) ,LE.AZSECP) GO T8 778
ISP = ISP+

GO TO 65

CONTINUE

CALL DUMDRP(NT,ISEC,IS)

CALL DUMNEW(NT,ISP,IS)

CONTINVE

NT = NTT

GO T0 10

CONTINUE

ISM = 64

GO TO 667

CONTINUE

ISP = |

GO 10 778

CONTINUE

RETURN

END
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CSN
0Q01 SUBROUTINE CORRAS(ISHIP,ISEC,IRAD)
0002 COMMON/DETECT/XYZMS(20,3,3,5),TM5(20,3,5),C0VM5(20,3,3%,3,5),
ILSTBIN(E4,100,3,5),X5(20),TMRK (64,3,5),TRATG(20),LNKBIN(20,3,5)
0003 CAMMON/NDECK/AZND(20,5,3),ELND(20,5,3),RNND(20,5,3)
0004 COMMON/DUMSEC/DUMSX (64,5),DUMID(512,5)
0008 COMMON/PREDIC/RAEDUM(256,3,5),XYZDUM(256,3,5)
0006 COMMON/CORAS/DETSX(256),1STOR(256),RETID(512)
0007 COMMON/LOAD/XSAV(3,20,3),AZINT(3,5),RVEL(3,5),RNGDINM(S,3)
0008 COMMON/DIST/SD(256)
0009 INTEGER CUMID,DUMSX,DEYSX,DETIN,TRATG
Q010 DIMENSION IRADET(10),SCIST(10)
c PICK TRACKS BUT OF DUMMY SECTOR FILE
0011 NT s DUMSX(ISEC,ISHIP)
0012 S CONTINUE
o HAVE ALL THE TRACKS IN THIS SECTAR REEN CONSIDERED
0013 IF(NT.EQ, 0) GO TO 999
0014 200 CONTINUE
0015 LOC 3 DETSX(NT)
0016 IF(LOC,EQ,0) GO TO 300
0017 DETSX(NT) = DETID(LAC)
008 DETID(LOC) = ¢
0019 IDRP = 0
0020 CALL NEWLOC(LAC,IDRP)
0021 G0 1O 200
0022 300 CONTINUE
0023 Do 8 I=1,10
Qo024 SDIST(I) = o
0025 B CONTINUE
o FIND RANGE BIN
0026 JRNG ® RAEDUM(NT,1,TSHIP)/RNGDIM(ISHIP, IRAD)
o START PICKING DETECTIONS OUT OF RANGE BINS
0027 K =1
0028 DO 40 II=t,3
0029 D8 40 JJs1,3
0030 J =JRNGeg+JJ
0031 I = ISEC=2+11
0032 IF(I.EQ,0) I=e4
0033 IF(JLLE,0) GO T 4o
0034 IDETNG = LSTRINCI,J,IRAD,ISHIP)
0035 10 CONTINUE
c ARE THERE ANY DETECTIOANS LEFT IN BIN I,J
0036 IFCIDETNALEQ, 0) 68 TA 40
cce IF PREDIC HAS MOVED TRACK INTO NEW SECTOR IT MAY HAVE BEEN PREVIAGUSLY
cce ASSIOBIATEDR WITH THIS DETECTION
0037 IF(TRATG(IDETNG) ,EQ.NT) GM T8 49
c MRDER DETECTINNS ACCARCING T® STATISTICAL DISTANCE
0038 NN 2 K
0039 CALL COVOWM(IRAD,ISHIP,ICETNA,NT,SNY,ISFC)
0040 20 CONTINUE
0041 TF(NN,EQ,1) GA& TH 30
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GRINDLAY

COARRAS
CSN
0042 IF(SD1,GT.SDIST(NN=1)) G8 TO 30
IR SNISTC(NN) = SOIST(NN=1)
0044y IRADET(NN) = TRADET(NNet)
0o04s MNz NNei
0046 GO TO 20
0047 In SDIST(NN) =3 SO
0048 IRADET(NN) = IDETNO
0049 IDETN® = LNKBIM(IDETNAR,IRAD,ISHIP)
0050 K = K¢
00S1 GO T8 10
0082 40 CONTINUE
C WERE THERE ANY DETECTIONS IN CANT, BINS
0053 IF(K,NEL,1) GO TO 60
0054 En CONTINUE
005S NT 3 DUMID(NT,ISKIP)
0056 6o 16 5
0057 60 CONTINUE
0058 J = K=l
0059 70 CONTINUE
0060 IF(J.EQ,0) GO TO &0
c PLACE DETECTIANS IN LINKED FILE
C SMALLEST SO IS LAST ONE IN
0061 IDRP = |
0062 CALL NEWLSBC(LOC,IDRP)
0063 ISTARCLEOC) s IRADET(J)
0064 DETID(LOC) = DETSX(NT)
0065 DETSX(NT) = LOC
0066 SD(LOC) = SDIST(J)
0067 J s J=1
0068 GO YO 70
0069 80 CONTINUE
c ASSOCIATION PROCESS
0070 NTA = NT
0071 90 CONTINUE
0072 LOC = DETSX(NTA)
0073 IDETNG = ISTOR(LOC)
C ARE ANY OTHER TRACKS ASSOCIATED WITH THIS DETECTION
0074 IF(TRATG(INETNG) NE, 0) G& T& 100
0075 TRATG(IDETNG) =3 NTA
0076 G" T8 So
0077 100 CONTINUE
0078 NTT = TRATG(IDETN®)
0079 LOCC = DETSX(NTT)
0080 IF(SD(LOC),GE,SD(LOCC)) GO TO 110
008t TRATG(IDETNG) = NTA
0082 NTA = NTT
0083 110 CONTINUE
0084 LOC 3 DETSX(NTA)
0085, DETSX(NTA) = DETID(LOC)
0086 IF(DETSX(NTA) ER,0) GO T8 50
0087 IDRP = 0
0088 CALL NEWLOC(L®OC,IDRP)
0089 GO T9 S0
0060 999 CANTINUE
0091 RETURN
0092 END
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CSN

0901
voe2
0003
ovod
00QS
0006

007
0008
0009
0010
0011

0012
0013
0014
0015
0916
0017
0018
0019
0020
gonet
onze
noel3
0024
0025
0026
0027
6028
0029
0030
003t
0032
0033
0034
0035
00136
0037
0038
0039
0040
noat
004z
0043
o044
004%
0046
0047
oous

0049
0050
0051
0052
0053
0054
0n8S
00S6
0057
0058
0059
0060

130

C CAL

144

148

NRL REPORT 8358

SURRAUTINE CAVAWN(IRAD,ISHIP,IDETNA,NT,SD,TISEC)

CRMMAN/PARY/ PBLL(20),PITCH(20),RPHASE(20),PPHASE(20)

CAOMMON/KAL2/ PS(20,20),PP(20,20),C0VS(20,20),C0VM(20,20),XP(20)
COMMANZKALU/IFIRST(20,5),0IM1,NIM2,DIM3
COMMON/DETFIL/IDFT(3,5),IDTA(2S6,3,5)
CAMMON/LINK/LNKFSX,LNKSTO(20,5),0UMST(5,20,5),TRKST(20,20),PTFST(2
10,20),LNKID(20), TIMLNK(20,5) ,ROLLNKC20,5),PITLNK(20,5),5+OLNK(20,5
2),XEM08(20,20,5),C0VSM0(10,10,20,5),PRECOV(10,10,20,5),MPFLAG(20,5)
COMMAN/IUPDATE/ILSC(20), TIMLAG,TESTR(512,3),TLAST(25¢6,5)
CAMMAN/STATTIC/N(9),N2(3)
COMMAN/PARZ/SLAT(20),5LNG(20),5KHT(20),5HD(20)
COMMAN/NCECK/AZND(20,5,3) ,ELND(20,5,3),RNND(20,5,3)
COMMUN/DETECT/XY2ZMS(20,3,3,5),TM8(20,3,5),C0VM8(20,3,3,3,5),
1LSTBINCOU,100,3,5),X5(20),TMRK(64,3,5),TRATG(20),LNKRINC20,3,5)
COMMON/LADE JNUBTAR

DIMENSIAN H(3,3),P(3,3),HP(3,3),4J5(3,3)

DIMENSTON A2(3,3),NN2T(9,9),5UM2(3,3)

REAL N,N2,NNT,NN2Y

INTEGEK TRKST,DIMY,DIM2,DIM3,PTFST,OUMST

RAD = ,N1745329252

MT 3 TRKST(NT,ISHIP)

KSHIP = PTFST(NT,ISHIP)

TF (KSHIP ,NE,TSHIP) GO T® 8BS

JJ ® ISKHIP

Do 120 11,3

pe 120 J=y,3

H(I,J) =0,

CONTINUE

H(1,1) = CAS(SHR(JJ)+RAD)

H(1,2) = SIN(SHD(JJY#RAD)

HE2,1) 2«SIN(SHD(JJ)*RAD)

H(2,2) & K(1,1)

H(3,3) = 1,

RALRAD = RALL(JJINRAD

PITRAD 3 PITCH(JJ)#*RAD

P(1,1) = COS(ROLRPAD)

P(1,2) = 0,

P(1,3) 3 «SIN(ROLRAD)

P(2,1) & SIN(ROLRAD)& SINCPITRAD)
P(2,2) 3 COS(PITRAD)

P(2,3) = CAS(RALRADIa SIN(PITRAD)
P(3,1) = SIN(ROLRAD)x CAS(PITRAD)
P(3,2) = =SIN(PITRAD)

P(3,3) & COS(RALRAD)» CAS(PITRAD)
pe 130 I:i:}

pe 130 Js1,3

HP(1,J)2 0,

DN 130 1J=z1,3

HP(I,J) & HP(I,J)+ H(I,IJ)x P(1J,J)
CAONTINUE

IFCIDETNA NE,0) GO TA 144
L FROM LBAD

IT = NUMTAR

GO TO 148

CENTINUE

IT 3 IDTACIDETNG,IRAD,ISKIP)
CONTINUE

EiL2 = ELND(IT,ISKIP,IRAD)
AZ2 = AIND(IT,ISHIP,IRAD)
RN2 = RNND(IT,ISHIP,IRAD)
A2(¢1,1)8 COSCEL2)*xSIN(AZZ)
A2(1,2)% wRN2#SIN(EL2)+SIN(AZ2)
A2(1,3) = RN2+COS(EL2)2CO8(AZ2)
A2(2,1) 3COS(EL2)*CAS(AZ2)
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GRINDLAY

COVOWN
CSN
0061 A2(2,2)8 =RN2xSIN(EL2)*C0S(AZ22)
0062 A2(2,3)% =RN2#CBS(EL2)2SIN(AZZ)
0063 A2(3,1)3 SIN(EL2)
n0ed A2(3,2)= RN22CAS(EL2)
006S A2(3,3)s0,
0066 DA 150 I=z1,3
0ne7 ng 150 Js=14,3
0068 AJS(I,J) =z o0,
0069 D" 150 1J =1,3
0070 AJS(I,J) = AJS(I,J) ¢ KP(I,1J)2A2(1J,J)
0071 150 CONTINUE
0uv2 ne 30 I=x1,3
0073 Dy 30 K=1,3
0074 NNaT(I,K)sn,
007% 30 CONTINUE
0076 Do 40 I=m1,3
0077 NM2T(T,I)sM2(1)aN2(1)
0078 40 CONTINUE
0079 DA 70 Im1,3
0080 D8 70 J=i,3
0081 suM2(I,J)=0,
0082 D8 70 IJ=1,3
0083 SUM2(I,J)=SUMR(T,J)+AJS(I,TJ)*NN2T(TIJ, D)
008y 70 CHBNTINUE
0085 Do 80 I=1,3
0086 DN 80 Jai,3
0087 COVM(I,J) = 0,
0088 D8 80 IJ=1,3
0089 CAVM(TI,J) 3 COVM(T,J) +SUM2(I,TJ)*AJS(J,1d)
0090 80 CONTINUE
C CALL FROM LOAD
0091 IFCIDETNA,EG,0) GO T 100
0092 pe 85 I=1,3
0093 be 85 J=1,3
0094 COVMSC(IDETIN®,1,J,TRAD,ISHIP) = COVM(I,J)
0055 85 CONTINUE
0096 ZM1 ® XYZMSC(IDETN®,1,IRAD,ISHIP)
0097 IM2 & XYZMS(IDETN®,2,1RAD,ISHIP)
0098 ZM3 = XYZMS(IDETNM,3,TRAD,ISHIP)
0099 KFLAG = 2
0100 IF(KSHIP,EQR.ISHIP) GO TN 88
0101 X = IMi
01902 Y = IM2
0103 7 = IM3
0104 CALL TRANSF(X,Y,Z,ZM1,ZM2,2ZM3,KSHIP,ISHIP)
0105 CALL COVLNK(ISHIP,IDETNG,IRAD,KSHIP)
0106 88 CONTINUE
0107 NNT 3 DUMST(KSHIP,MT,KSHIP)
0108 TDEL = TMS(IDETNA®,IRAD,ISHIP) «TIMLNK(MT,KSHIP)
0109 DY 66 Im1,6
0110 XS(1) = ¥YSMOB(I,MT,KSHIP)
011t D8 66 J=i.6
u112 PS(I,J) = COVSMA(TI,J,MT,KSHIP)
0113 66 CONTINUE
0114 IF(IFIRST(MT,KSHIP) NELO) GO TN 90
0118 XP(1} & XSMB(1,MT,KSHIP)
0116 XP(3) = XSMO(3,MT,KSHIP)
o117 XP(5) 2 XSMO(S,MT,KSHIP)
ot18 90 CAONTINUE
0119 CALL KALMAN(TDEL,MT,2M1,2ZM2,ZM3,KSKIP,KFLAG,SD)
0120 100 CANTINUE
0121 RETURN
0122 END
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SUBROUTINE CHOVLNK(KS,1C,IR,JSHIP)
COMMON/NDECK/AZND(20,5,%),ELND(20,5,3),RNND(20,5,3)
COMMON/DETFIL/IDET(3,5),IDTA(256,3,5)
COMMON/STATIC/N(9),MN2(3)

COMMBN/KAL2/ PS(20,20),PP(20,20),C8VS5(20,20),C0VM(20,20),XP(20)
CAMMON/NEW2/ AZD(20,20),ELDC(20,2C),0LDAZ(20,20)
COMMON/UPDATE/ILOC(20),TIMLAG,TESTA(512,3),TLAST(256,5)
COMMON/PART/ ROLL(20),PITCH(20),RPHASE(20),PPHASE (20)
COMMAN/PAR2/SLAT(20),SLAG(20),8HT(20),8KD(20)

DIMENSION H(3,3),P(3,3),KP(3,3),THP(3,3),AJ08(3,3)

DIMENSION A(3,9),A42(3,3),NNT(9,9),NN2T(9,9),T(3,3)
DIMENSION SUM(3,9),5UM2(3,3),ANNAL(3,3),ANNA2(3,3),C0V(3,3)
REAL LAY, LA2,LA ’

REAL NyN2,NNT,NN2T

RAD = ,01745329252

JJ s K8

IT = IDTAC(CID,IR,KS)
EL =3 ELND(IT,KS,IR)
AZ 3 AZNDC(IT,KS,IR)

RN = RNND(IT,KS,IR)

D8 120 I=1,3

D0 120 J=1,3

H(l,J) = ¢,

CONTINUE .

H(i,1) & COS(SHD(JJ)IARAD)
H(1s2) = SIN(SHD(JJIARAD)}
H(2,1) =2=SINCSHD(JJ)IxRAD)
H(2:.2) & H(1,1)

H(3,3) = 1,

RALRAD = RALL(JJ)%RAD
PITRAD = PITCH(JJ)=RAD
P(1,1) = COS{ROLRAD)
P(1,2) = 0,

P(1,3) = «SIN(ROLRAD)
Pc2s1) = SIN(ROLRAD)Aa SIN(PITRAD)

P(242) = COS(PITRAD)

P(2,3) = COS(ROLRAD)* SIN(PITRAD)
P(3,1) 3 SIN(ROLRAD)x COS(PITRAD)
P(3,2) = =SIN(PITRAD)

P(3,3) v« COS(ROLRAD)x COS(PITRAD)
oe 130 1Ist,3

DO 130 J=z1.3

HP(I,J)= o,

Do 130 IJ=1,3

HP(I,J) 3 HP(I,J)+ H(I,1J)x P(1J,J)
CONTINUE

TH2 = SLAT(JSHIP)#*RAD

LA = (SLOG(JJI*RAD)= (SLOG(JSHIP)*RAD)

TH1 3 SLAT(JJI®RAD

Teia4) = COS(LA)

T(1,2) = SIN(TH1)» SIN(LA)

T(1,3) = COS(THL)+ SIN(LA)

T(2,1) 3 SIN(TH2)x SIN(LA)

T(2,2) 3 SIN(TH1)% SIN(TH2)#COS(LA) +CAS(TH1)ACAS(THR)
T(2,3) =eCOS(THI)2 SIN(TH2)ACOS(LA)Y +SIN(TR1)*xCOS(THZ)
T(3,1) 3=CAS(TH2)x SIN(LA)

T(3,2) 8 COS(TH1)* SIN(TF2) «SIN(THI)®x COS(TH2I*COS(LA)
T(3,3) & COSCTHL)* COS(TH2)ACOS(LA)Y +SINCTHI)*SIN(TH2)
Do 140 Is31,3

D8 140 J=1,3
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0061
6062
0063
0064
0065
0066
0067
0068

0069

0070
0071
0072
0073
0074
0075
0076
0077

0078

0079
0080
0081
0082
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0085
0086

0087

0088
0089
0090
0091
0092
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0095
0096
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0098
0099
0100
0to0t
0102
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0106
0107
o108
0109
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0tt}
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140

10

20

50
90

60
45

GRINDLAY

THP(I,J)= 0,

DO.. 140 IJ=z1,3

THP(I,J) 3 THP(I,J)+ T(I,1J0)*HP(1J,J)

CONTYINUE

AC1,1) = T(t,1)

AC1,2) 5 T(1,2)

AC1,3) 3 7(1,3)

CAC1,4) 3 THP(1,1)ACOSCELIASINCAZY +THP(1,2)*COSCEL)ACOS(AZ)+THP (1,
13)«8INCEL)

A(1,S) = =THP(1,1)*RNx SINCEL)ASIN(AZ) « THP(1,2)ARNASIN(EL)*
eCNS(AZY +THP(1,3)+RN2COS(EL)

ACL,6) % THP(1,1)aRNACOS(EL)&COS(AZ) = THP(1,2)«RN&CAS(EL)*SIN(AZ)
AC1,7) =ei

Al1,8) = @

AC1,9) = 0

AlC2s1) 3 T(241)

A2,2) B T(2,2)

AC2,3) = T(2,3)

A(2,4) 3 THP(2,1)+COS(EL)*SIN(AZ) +THP(2,2)4CAS(ELIACAS(AZ)+
ITHP (2, 3)2SIN(EL)

A(2,5) 3 oTHP(2,1)%RNASTNCELIXSTN(AZ) « THP(2,2)*RN*STM(EL)2COS(AZ
4) + THP(2,3)*RN*CAS(EL)

A(2,6) 2 THP(2,1)aRNACOS(EL)*CHS(AZ) = THP(2,2)*RN*CAS(EL)*SIN(AZ)

A(2.,7) = 0
A(2,8) = =i
A(2.9) = 0
A(3,1) = T(3,1)
A(3,2) =3 T(3,2)
A(3,3) = T(3,%)

A(3,4) s THP(3,1)*COSCELIASIN(AZ) + T(3,2)aCOS5(ELI*COS(AZ)+ THP(3,
S3)x SINCEL)

A(3,5) 3 =THP(3,1)xRN*SINCELYXSINCAZ) =THP(3,2)*RNASTN(EL)I*COS(AZ)
6+ THP(3,3)xRN*CNS(EL)

A(3,6) 3 «THP(3,1)sRN*CAS(EL)*CRS(AZ)=THP(3,2) ARNxCES(EL)IASIN(AZ)
AC3,7) 3 0

A(3,8) 3 0

A(3,9) et

pe 10 Is1,9

DB 10 Kz1,9

NNT(I,K)=0,

CONTINUE

Da 20 Iw1,9

NNTCI,I)3N(IYRN(CT)

CONTINUE

ne S0 I=1,3

pe SQ Js=1,9

SUM(I,J)=0,

pe so lJ=1,9
SUM(T,J)eSUM(T,JY+ACI,IJ)*NNT(1J,])
CONTINUE

CANTINUE

DO 60 I=21,3

DA 60 J=i,3

covM(1,J) = 0,

pn 60 YJ=1,9

COVM(I,Jd)= COVM(I,J) + SUM(I,IJ)*A(J,1d)
CANTINUE

FORMAT (SX,9F14,3,//7)

RETURN

END
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SUBROUTINE KALMAN(CTDEL,ITAR,ZM1,ZM2,2M3,ISHIP,KFLAG,S50)
COMMON/DETECT/XYZMS(20,3,3,5),TM8(20,3,5),C0VM5(20,3,3,3,5),
ILSTBIN(64,100,3,5),X8(20), TMRK(64,3,5),TRATG(20),LNKBIN(20,3,5)
COMMBN/KAL1/ PHI(20,20),6(20,20),H(20,20)

COMMON/KAL2/ PS(20,20),PP(20,20),C0VS(20,20),C0VM(20,20),%XP(20)
COMMRMN/KALUY/IFIRST(20,5),DIMY,DIM2,DIM3

COMMBN/TRIANG/ CAVI(20,20),UP(20,20),FL20,20)
COMMON/INVERT/R(20,20),R1(20,20)

DIMENSION XPMU(6),SUMCE) ,SUMRT), XMMU(I)

DIMENSION ZM(20),wT(20,20)

DIMENSION DM1(20,20),D¥2(20,20),0M3(20,20)

DIMENSION VACI(3,3),03¥(3,3),02M(3,3)

DIMENSTION DUM(6,6),D5M(6,6),V0C2(6,6)

INTEGER DIMI1,DIM2,0IM3

ZM(1) = 2My

ZM(2) = M2

ZM(3) = ZIM3

Mg DIML

N & DIMg

NS = DIM3

JFIRST = IFIRST(ITAR,ISHIP)

IF(JFIRST,LT, 2 ,AND, KFLAG ,EQ, 2) GO T8 1299

1F (JFTIRST) 10,165,100

CONTINUE.

FIRST TIME THRUY

DO 120 I=1,N

De& 120 J=i,N

SMOATHED COVARIANCE MATRIX

PS(T,J) = 9

CANTINUE

PS(t,1) 3 CAVM(1,1)
P8(3,3) = CAVM(2,2)
P8(5,5) = COVM(32,T)
PS(1,3) 3 COVM(1,2)
PS(3,1) = PS(1,3)
PS(1,5) = CAVM(1,3)
PS(S5,1) = PS(1,5)
P§(3,5) s COVM(2,3)
PS(5,3) = PS(3,5)

PREDICTED POSITION VECTOR

D8 160 Isi,N

XP(1) = X§(1)

CONTINUE

G YO0 1209

CANTINUE

SECOND TIME THRU

P§(2,2) =(COVM(1,1)+ PS(1,1))/(TDELATREL)
PS(2,4) = (COVM(1,2Y+ PS(1,3))/(TDELXTDEL)
PS(4,4) = (COVM(2,2)+ PS(3,3))/(TDEL*TDEL)
PS(2,6)--8 (COVM(1,3)+ PS(1,5))/(TDEL2TDEL)
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155
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1849

GRINDLAY

PS(4,2) = PS(2,4)
PSt6,2) 3 PS(2,6)
PS(1,1) = COVM(Y,1)
RS(1,2) = COVM(1,1)/TDEL
PS(2,1) = PS(1,2)
PSC1,3) 3 COVM(1,2)
PS(3,1) 3 P3(1,3)
PS(4,6) SCCOVM(2,3)+ PS(3,5))/(TDEL*TDEL)
PS(b'U) s PS(4,6)
PS(6,6) 3 (COVM(3,3)+PS(5,5))/(TDEL*TNEL)
PS(1,4) = COVM(1,2)/TNEL
PS(4,1) = PS(1,4)
PS(2,3) = COVM(1,2)/TDEL
PS(3,2) 3 PS(2,3)
PS(3,3) 3 COVM(2,2)
PS(3,4) = COVM(2,2)/TDEL
PS(4,3) = PS(3,4)
PS(1,5) 3 CAVM{1,3)
PS(S,1) = PS(1,5)
PS(2,5) = COVM(1,3)/TDEL
PS(5.,2) = PS(2,5)
PS§(3,5) = COVM(2,3)
PS(S,3) 3 PS(3,5)
PS(4,5) = COVM(2,3)/TDEL
PS(S,4) = PS(4,5)
PS(S,5) = COVM(3,1)
PS(1,6) 's COVM(1,3)/TDEL
PS(b6,1) & PS(1,6)
PS(3,6) = COVM(2,3)/TDEL
PS(6,3) = PS(,6)
PS(S,6) = COVM(3,3)/TDEL
PS(b;S) = PS(S,&)

Do 15% I=i,N

DA 185 Jz1,N

PREDICTED CMYARJANCE MATRIX
PP(1,J) B PS(I,J)

CANTINUE

pM 170 Is1,N

DA 170 J=t{,M

DM1(T,J)=20,

P 170 K=t ,N

DM1(L1,J) = DMI(T,J) + PS(I,K)*H(J,K)
CONTINUE

ng 1RO I=1,M

D8 1R0 Jzi,M

CAVI(I,J) = COVM(T,J)
CONTINUE

CALL UFPERT (M)

De 190 Tay,M

0R 190 Jsi,M
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R{T,J) = UP(J,1)
CANTINUE

CALL INVERL (M)

Do 195 Iat,M

DA 195 J=1,M

DM2(I,Jd) = o,

DA 185 K=1,M

DM2(1,J) = DM2(1,J) +RICI,KI*RI(J,¥)
CONTINUE

08 215 I=t,N

ne 215 Jz1,M

WT(I,J) a o,

DO 215 Ks1,M

WT(I,J) 3 WTCI,J) +DMI(T,K)*DM2(K,J)
CANTINUE

GN T8 RGQ

CAONTINUE

SET UP TRANSITIAN MATRIX
pe 1¢S  I=g,N

DA 105 JEi,N

PHI(I'J) = 0-

PHI(I,I) = 1,

CANTINUE

PHI(1,2) = TDEL

PRI(3,4) = TDEL

PHI(S,6) B TDEL

COMPUTE RREDICTION COVARIANCE

nDe 150 Iat,N

DEe 150 Jay,N

DM1(I,J)z=20,

D8 150 K=i,N
DMICIpJ)ISOMI(TI,,J)+PS(I,K)ePHI(J, k)
Do 210 I=z{,N

DO 210 J=t,N

pMe(I,d)=0,

DA 200 K=i,N
DM2(I,J)30M2(T,J)+PHIC(I,K)xDMY(K,])
PREI,J)abMR(T,d)

IF(NS) 320,320,240

CANTINUE

Do 250 Isf,NS

Do 250 Jsi,N

DMI(I,Jd)=0,

D8 2850 K=®1,N§

DMICT,JYZNMLCT,J)+COVS(T,K)2G(J,K)

DO 310 Ist,N
Py 310 Jai,N
pM2(I,J)=0,
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0141 DA 300 k=1,NS
ni42 300 DM2CT,J)=0OM2(T,J)1+G(1,K)40M1 (K, )
0143 T10 PP(T1,J)=PP(T,J)+DM2(1,))
0144 320 CONTINUE
ot1us re 315 Is1,N
olae pe 315 Jz1,N
o1a7 315 PP(1,J) = PP(I,J)*FXP(,0S*xTDEL)
c
c COMPUTE FILTER WEIGHTS
C
0148 nA 350 I=z1,N
014s DO 350 Jzi,M
0150 pMiCI,J)=0,
0151 ce 380 Kzi,N
ntse 350 DM (I,J)=DMI(T,J)+PP (I, K)aH(J,K)
nis3 DA 410 I=t,M
0154 DA 410 Jst,M
0155 pM2CI,J)=0,
ntsé DA 400 Ks1,N
0157 400 DM2CI,J)a0M2(T,J)+HT,KIXDMI(K, )
0158 N1 VACT(I,J) = DM2(I,J)+COVM(I,])
0159 CALL MATCVACI,M, VM, D31, N, M, DM, M, M, XXX,4)
0160 DA 550 Ist,N
otst P8 550 J=1,M
0162 WT(I,0)=0,
0163 DA 550 Kzal,M
oted S50 WT(I,J) = WYCI,J)+DMI(I,KY&D2M(K,J)
o
C UPDATE SMNANTHED CAVARTANCE
c
0165 DM 600 I31,N
0166 DB 600 J=1,N
0167 pDMIC(I,J)a0,
0168 DE 600 Kzt ,M
0169 6490 DMI(T,J¥sDOMI(T,J)+WT(T,K)I*H(K,]J)
0170 D& 660 TIz1,N
0171 Do 660 Jzi,N
0172 pM2(1,J)=0,
0173 ‘DN 650 K=z1,N
0174 650 DM2(1,J)=0BM2(1,J)+DML(],K)*PR(K,J)
0175 €60 PS(I,J)=PP(I1,J)«0M2(1,J)
o
c FILTER UPNATE
c
0176 DM 900 I=1,N
0177 XP(1)=0,
0178 ne 900 Ja1,N
0179 S00 XP(I)EXP(I)+PHI(T,J)2XS(¢J)
0180 860 CANTINUE
0181 DM 960 Izt ,M
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0182 OMICI, 1)z=0, =
0183 DN 950 Jai,N
0184 G50 DMICI,1)3DMI(T,1)+H(T,J)%XP(J)
0185 960 DM2(T,1)8ZM(T)Y=DM1(T,1)
v186 DA 1010 I=y,N
0187 DM1(I,1)m0,
0188 DA 1000 Jsi,M
0189 1000 DMICI,1)SDMI(T,1)4WT(T,J)*DM2(J,1)
0190 1010 XS(I)=XP(IV«DMI(I,1)
0191 1209 CONTINUE
0192 IF(KFLLAG,NE.2) Gf TA 1200
c
c CaLLCULATE STATISTICAL CISTANCE
C
0193 DA 166 Iz1,N
oted XPMUCI) = =PM1(T,1)
n195 0n 166 Js1,N
0196 VRC2(I,J) = PP(I,I)
0197 166 CAONTINUE
0168 CALL MAT(VOCR2,N,N,DUM N, N,DEM,N,N,YYY,U)
0199 PARTY = 0,
0200 PARTEZ s ¢,
0201 DR 366 I=1,N
0202 SUM(I) = 0,
02n3 366 CONTINUE
0204 nNA 466 T=1,N
8208 ng d46s Jsi1,N
0206 SUMCI) = SHUM(T) +XPMJ)»D8M(J, 1)
0207 446 CONTINUE
0208 DR Se6 Jzi,N
0209 PARTI = PARTI+SUM(J)*XPMU(])
0210 Se& CONTINUE
vett XMMU(1) &8 ZM(1) =XS5(1)
ve2ia XMMU(2) = ZM(2)a XS(3)
0213 XMMUC3)s ZM(3)= X§(9)
0214 DO 666 Is),M
021§ sur2(I) =0,
y216 DR 66 J=i,M
0217 VACTI(I,J) = CAVM(T,d)
0218 bbb CANTINUE
0219 CALL MAT(VACI , M, M, D3N, M, M, DM, M, M, XXX,4d)
0220 D Beb Iz,
n2at pr A6 Jmi,M
0222 SUM2(I) = SUM2(L) + XMMUCJIRD2M(J, 1)
0223 B6e CONTINUE
0224 DN Q66 J=1,M
0225 PARTZ = PART2 + SUMR(J)xXMMU(J)
0226 966 CANTINUE
0227 SD = PARTY & PART?
0228 GMN TO 1300
0229 1299 CONTINUE
0230 S0 = tg,
0231 1300 CANTINUE
0232 RETURN
0233 END
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0001 SUBROUTINE SORTC(ISEC,TISKIP,TRAD)

o SUBROUTINE SORT EXAMINES EACH TRACK IN THE SECTNAR UNNPFR COMSIDERATIAN,
o IF THE TRACK 1§ & PARTICIPATING MEMRER RIAS ERRARS ARE REDUCED,

c IF THE TRACK IS NMT AN OWNSHIP MPT SURRAMUTINF TIMCAON IS CALLED T8

c PREPARE INF® ON ASSOACTATED DETECTIAN FAR TRANMSMISSIAN AVEF THE LINK,

c IF THE TRACK IS AN OWNSHIP MPT THE LINKED FILE 'TESTAt IS LOBADED

c WITH INFO FOBR ACCFSSING DETECTIAN FILES, 'TEST®! CONTAINS THE I,D,

[o} NRS,,SHIP NOS, AND RADAR NOS OF ALl DETECTIONS THAT WAVE RECENTLY

c BEEN ASSOACIATED WITH NT, TESTO IS LINKED BY FILID AND FILFX

0002 COMMON/DETECT/XYZMS(20,%,%,5),TMS¢20,3,5),C0VvMs(20,3,3,3,5),
1LS8TBIN(64,100,3,5),XS5(c0),TMRK(64,3,5),TRATG(20),LNKRIN(20,3,5)

0003 COMMON/UPDATE/ZILOC(20), TIMLAG,TESTE(512,3),TLAST(256,5)

0004 COMMON/LINK/LNKFSX,LNKSTO(20,5),0UMST(5,20,5),TRKST(20,20),PTFST(2
10,20),LNKID(20), TIMLNK(20,5),ROLLNK(20,5),PITLNK(20,5),8KHELNK (20,5
2),XsM0(20,20,5),C0VSM0A(10,10,20,5),PRECAV(10,10,20,5),MPFLAG(20,5)

0005 COMMAON/CORAS/DETSX (256),1STOR(256),DETID(S512)

0006 COMMON/PAR2/SLAT (20),5L06(20),5HT(20),5KHD(20)

0007 COMMON/PART/ ROLL(20),PITCH(20),RPRASE(20),PPHASE (20)

0008 COMMON/DUMSEC/DUMSX (64,5),0UMID(S12,5)

0009 COMMON/NDECK/AZND(20,5,3),ELND(20,5,3),RNND(20,5,3)

0010 COMMON/RANTIM/TRAMN(20,3,5)

0011 COMMBN/DIST/SD(256)

0ot COMMON/SORT/FILFX(256,5),FILID(512)

po13 DIMENSION RAND(100)

0014 INTEGER DUMSX,DETSX,PTFST,TRKSY,TEST®,FILID,FILFX,0UMID

0015 NT = DUMSX(ISEC,ISHIP)

0016 10 CONTINUE

0017 IF(NT,EQ.,0) GO TM 999

0018 LBC = DETSX(NT)

0019 IDETNG = ISTOR(LOC)

c ARE THERE ANY DETECTIONS ASSMCIATED WITH TRACK NT

0020 IF(IDETNG,EQ,0) GO T8 20

0021 KS 3 PTFST(NT,ISKIP)

0022 MT = TRKST(NT,ISKIP)

C MPFLAG = 1 INDICATES PARTICIPATING PLATFORM

0n23 IF(MPFLAG(MT,KS) NE,Q) GO TO 30

0024 IF(KS,EQ,ISHIP) GO TO 4o

002S ROLULNK(IDETNA,ISHIP) = ROLL(ISHIP)

0026 PITLNK(ICETNA,ISHIP) 3 PITCH(ISHIP)

0027 SHDLNK(IDETNO,ISHIP) = SHD(ISHIP)

CCCC INSERT RAMDOM DELAY

0028 NNN = 1

ovae CALL VRANF(RAND,NNN)

0030 TRAN(IDETNA,IRAD,ISHIP) = (RAND(1)x1,9)+,1 +TMSCIDETNO,IRAD,ISHIP)

0031 SDIST = SD(LOC) )

0032 CALL TIMCAN(IDETNO,MT,KS,ISHIP,IRAD,ISEC,SDIST)

0033 GO 10 290

0034 30 CONTINUE

003S GO TO 20

0036 40 CANTINUE

0037 IDROP = |

0038 CALL DETLOC(NT,LOC,IDROP)

0039 TESTO(LOC,1) = IDETNGO

0040 TESTA(LOC,2) = ISHIP

0041 TESTO(LOC,3) = IRAD

0042 FILIDCLAC) s FILFX(NT,ISKHIP)

0043 FILFX(NT,ISHIP) = LOC

0044 20 CONTINUE

0045 NT = DUMID(NT,ISHIP)

0046 68 TO 10

0047 999 CONTINUE

0048 RETURN

0049 END
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0001
0002
0003

0004

0005
0006
0007
0008

0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0Qeo0
0021
0022
0023

0024
0025
0026
0027
0028
0029
0030

0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044,
0045
0046
0047
0048

C INI

10

20

20

301

C.IF.

40
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SUBRBUTINE TIMCON(CIDETNA,MT,KS,I5,IR,ISEC,SDIST)
COMMON/MODUL®/ISLET(20,5,60),1KEY(3),IM8D20,IMACED
COMMBN/DETECT/XYZMS(20,3,3,5),TM8(20,3,5),C0VMS5(20,3,3,3,5),
$LSTRIN(64,100,3,5),X5(¢20), TMRK(64,3,5),TRATG(20),LNKBIN(20,3,5)
COMMON/LINK/LNKFSX,LNKSTH(20,5),DUMST(5,20,5),TRKST(20,20),PTFST(2
10,20),LNKID(20), TIMLNK(20,5),ROLLNK(C20,5),PITLNK(20,5),8HDLNK(20,5
2),XSM8(20,20,5),COVSMO(10,10,20,5),PRECAV(10,10,20,5),MPFLAG(20,5)
COMMON/LOCLNK/LASLNK,FULLNK,LISLNK(20) ,NEXLNK
COMMON/RANTIM/TRAN(20,3,5)

INTEGER FULLNK

IF(FULLNK,NE,0) GN TO 30
TIATE PROCEDURE FOR PURGING FILE

I 21

CONTINUE

ID = LNKSTO(I,1)

18 = LNKSTO(I,2)

IR 2 LNKSTO(I,3) ,

IFCTMS(ID, IR, IS)LT.(TMRK(ISEC,IR,18)=30,)) GO T8 20

CALL LNKDRP(I)

IDRP = 0

CALL LNKLOC(I,IDRP)

CONTINUE

1 3 I+}

IF(I,LT,20) GO 10 10

CONTINUE

PRINT 301,TMSCIDETNA,IR,IS),SDIST, 1S, TRAN(IDETNG,IR,I8)
FORMAT(/10X, 'DETECT TIME',F10,3,5X,'STATDIST',F10,3,5X,PLATFORMY,
114,5%X,'TRANS TIME',F10,3/)

ITIME = TMSCIDETN®,IR,IS)

MBODEO = MODCITIME,IMEDEO)

IMAD = MODo6O 4+

IMODML = IMODeY

IMODM2 @ IMODe?

IMBDMI = IMOD-3

IMODMY 3 IMOD=4
TIME SLOT I8 FULL DETECTION IS NOT TRANSMITTED
IFCISLOT(MT,KS, IMADMY) ,NE,0) GO TO 40O
IF(ISLOT(MT,KS,IMODMI) NE,0) GO TO 40
IF(ISLOT(MT,KS,IMODM2) NE,0) GO TO 4o
IECISLOT(MT,KS,IMBDMLINE,0) GO TO 4¢
IF(ISLOT(MT,KS,IMAD)I NE.O) GO TO 40

ISLATI(MT,KS,IMO0D) = |

IDRP = |

CALL LNKLOC(CLAC,IDRP)

LNKID(LOC) = LNKFSX

LNKFSX = LOC.

LNKSTO(LOC,t) = IDETNGO
LNKSTIO(LOC,2) » IS
LNKSTO(LOC,3) = IR
LNKSTOCLOC,4) & MT
LNKSTO(LOC,5) = KS
CONTINUE

RETURN

END
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CSN

0001

0002
0003

0004
0005

0006
0007
0008
0009
0010
0011

0012

0013
0014

0015
0016
0017
0018
0019

9020
0021
0022

0023
0024

0025
0026
0027
0928
002s
0030
0031
0032
0033
0034
0035

OO0

10

GRINDLAY

SUBROUTINE LNKDET(ISHIP,ISEC,IRAD)

SUBRBUTINE LNKDET PLACES PETECTIANS FRAM THE | INKk IN THE TET® FILE
F8R EACM TRACK IN ISEC,THE DETECTI®NS ARF ORDERED IN TIME AND
PLACED IN THE ILNAC FILE. LNKDET CALLS UPNATE AFTER ARDERING THE
DETECTIONS

COMMAON/RANTIM/TRANC20,3,5)
COMMON/DETECT/XY2MS(20,3,3,5),TM5(20,3,5),C9VM5(20,3,3,3,%),
1LSTBINC64,100,3,5),XSC¢20), TMRK (64,3,5),TRATG(20),LKKRIN(20,3,5)
CAOMMON/UPDATE/ILOC(20), TIMLAG,TESTH(512,3),TLAST(256,5)
COMMON/LINK/LNKFSX,LNKSTA(20,5),PUMST(5,20,5),TRKST(2¢,20),PTFST(2
10,20),LNKID(20), TIMLNK(20,5),ROLLNKC20,5),PITLNK(20,5),SHOLNK (20,5
2),XSM08¢20,20,5),CMVSMB(10,10,20,5),PRECAV(10,10,20,5),MPFLAG(20,5)
COMMAN/DUMSEC /DUMSX (64 ,5),DUMIN(512,5)
COMMON/SORT/FILFX(256,5),FILID(512)

INTEGER DUMST,TEST®,FILIC,FILFX,NnUMSX,PUMID,PTFST,TRKST

NT 3 DUMSX(ISEC,ISHIP)

IF(NT.EQ,0) GO& T8 999

LOC = LNKFSX

LNKFSX 1§ THE LOCATION OF FIRSY ASSOCIATED DETECTION IN LIMNK FILE
CONTINUE

ALL LINK DETECTIONS CONSIDERED

IF(LOC,EQ.,0) GO TO 150

KS = LNKSTO(LeC,S)

DOES THIS DETECTION CARRELATE WITH ISHIP TRACK?

IF(KS,NE,ISHIP) GO TO 101

ID 3 LNKSTO(LOC,1)

IS = LNKSTA(LOC,2)

IR = LNKSTO(LAC,3)

MT = LNKSTO(LOC,4)

1S DETECTIAN ASSOCTIATEL WITH PARTICIPATING PLATFORM

IF(MPFLAG(MT,KS)Y ,NE,0) G8 T9 100

NT 3 DUMST(KS,MT,ISHIP)
IF¢(TRANCID,IR,IS).GF , TMRK(ISEC, IRAD,ISKIP)) G TO 101

WAS DETECTIAN MADE BEFARE LAST UPDATE

IF(TMS(ID, IR, IS), LE. TLAST(NT,ISHIP)) G® TO 100

IDRP = 1

GET NEW LOCATIAN FOR LINK DETECTION IN TESTO FILE

CALL DETLOC(NT,LOCC,IDRP)

TESTO(LOCC,1) = ID

TESTO(LOCC,2) = IS

TESTO(LOCC,3) s IR

FILID(LOCC) = FILFX(NT,ISHIP)

FILFX(NT,ISHIP)Y = LOCC

CONTINUE

LacoLD = LoC

LOC 3 LNKID(LAC)

CALL._LNKDRP(LOCOLD)

IDRP =2 0
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0036
0037
@038
0039
0040
0041

o042
0043
00ud
004S
0046
0047
0ous
0049
0050
0051
00S2
0083

0054
0055
0056
0057
0058

0059

0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072

0073
0074
0075
0076
0077
0078
0079
0080

150

200

205

210

220

260

270

999

NRL REPORT 8358

CALL. LNKLEC(LOCALD, IDRP)
GO T0 10

CONTINUE

LOC = LNKIDC(CLEC)

G8 TO 10

CONTINUE

GO THRU TRACKS AGAIN

NT = DUMSX(ISEC,ISHIP)
CBNTINUE

K = 999

IF(NT,EQ,0) G& T8 999
KSHIP = PTFST(NT,ISHIP)
IF(KSHIP NE,ISHIP) G8 T8 280
MY 3 TRKST(NT,ISHIP)

IF(MPFLAG(MT,KSHIP),EQ,0) GO TA 2085

GO TO0 270

CONTINUE

K 30

LBCC & FILFXINT,ISHIP)

ARE THERE NO DETECTIONS ASSOCIATED WITH THIS TRACK

IF(LOCC,EQ,0) GO TO 28¢
CONTINUE

K 3 K¢

J 2 K

CONTINUE

FIRST PASS

IF(J.EQ,1) GB T8 260
ORDER COMBIMED DETVECTIONS IN TIME
ID & TESTA(LOCC,1)

Is = TESTO(LOCC,2)

IR & TESTO(LBCC,3)

IDD = TESTACILAC(J=1),1)
1SS 3 TESTA(ILOC(J=~1),2)
IRR = TESTA(ILAC(J=1),1)

IF(TMSCIC,IR,IS),GT,TMS(IDD,IRR,IS8)) GO TO 260

ILOC(J) = ILAC(J=1)

J 3 Jel

Gn T8 22¢

CONTINUE

ILAC(J) = LOCC

Lacc = FILID(LACC)

HAVE ALL DETECTIMNS BEEN ORDERED
IF(LOCC,NE,0) GO T8 21¢

CANTINUE

CALL UPDATE(NT,ISFC,IRAD,ISHIP,K)
CONTINUE

NT & DUMID(NT,ISKIP)

G TO 200

CONTINUE

RETURN
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00014

0002
0003
0004
0005
0006

0007

0008
0009
0010
0011
0012
0013
0014

Q015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027

0028
0029
0030
0031
0032
0033
0034
0035
2036
0037
0038
0039

C

c

c

c

C K=9
55
10

c

GRINDLAY

SUBROGUTINE UPDATECNT,ISEC,IRAD,ISHIP,K)

SUBROUTINE UPNPATE GAES THRU THE LIST OF ORDERFD DETECTIANS WHICH
ARE ASSOCIATED WITH TRACK NT AND UPDATES POSITION AND VELACITY OF
NT BASED BN THESE DFTECTIAONS, UPDATFS ARE MADE TO!'TIMUP'KHICH IS
CURRENT TIME LESS SOME SPECIFIED TIME LAG
CAMMON/PLAT/ZIPLT(1000),XX1(1000),YYY(1000),NP,YYN(1000),IYIS(1000)
COMMON/KAL2/ PS(20,20),PP(20,20),C0VS(20,20),C0VM(20,20),XP(20)
COMMON/KALU4/IFIRST(20,5),0IM ,DIM2,DIM3
COMMON/UPDATE/ILOBC(20),TIMLAG,TESTO(S12,3),TLAST(256,5)
COMMON/LINK/LNKFSX,LNKSTO(20,5),DUMST(5,20,5),TRKST(20,20),PTFST(2
10,203,LNKIDC20), TIMLNK(20,5),ROLLNK(20,5),PITLNK(20,5),SHCLNK(R0,S
2),XSMN(20,20,5),CNVSMA(INn,10,20,5),PRECOV(10,10,20,5),MPFLAG(20,5)
COMMON/DETECT/XYZMS(20,3,3,5),TM8(20,3,5),C0VMS(20,3,3,3,%),
{LSTBIN(&4,100,3,5),%XS5(20), TMPK(64,3,5),TRATG(20),LNKRIN(20,3,5)
COMMON/NEW/AZ(20,20),RG(20,20),EL(20,20)

CAMMON/DATEUP /NUMTRG,NUMSHP

COMMON/TRUE/XYZTRL(20,3,3,5)
COMMON/DETFIL/IDET(3,5),1DTA(256,3,5)

INTEGER TESTO,TRKST,PTFST,DIM{,DIMR2,DINM3,DUMST,TRATG,MPFLAG

Nz DIMZ2

MT & TRKST(NT,ISKIP)
99 INDICATES UPDATE OF PARTICIPATING PLATFORM

IF(K,EG, 999) GO TO 80

TIMUP = TMRK(ISEC,IRAD,ISHIP) ~ TIMLAG

DO 55 I=i,N

XS(I) = XSMO(I,MT,ISKIP)

DO 55 L3N

PSCI,L) 2 COVSMOB(TI,L,MT,ISHIP)

CONTINUE

Jz1

CONTINUE

ID = TESTO(CILACCI),1)

1§ = TESTO(CILAC(J),2)

IR = TESTO(ILOC(JI),D)

IT = IDTA(ID,IR,1IS)

1S DETECTION TIME GREATER THAN TIMUP,

IF(TMS(ID,IR,IS),GT,TIMUPY GB TO 20

X 3 XYIZMS(ID,1,1IR,I8)

Y 8 XYZMS(1D,2,1IR,18)

Z = XYIMS(ID,3,1IR,1S)

JDEL = TMS(ID,IR,IS) = TLAST(NT,ISHIP)

IF(ISHIP,EG,IS) GO TO 40O

CALL CAVLNK(IS,ID,IR,ISHIP)

XT = X

YT = Y

FARE 4

XIT 3 XYZTRU(ID,1,1IR,I8)

Y1y = XYZTRU(ID'Z,IP'ISJ
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0040
004l

0042
0043
0044
004S
0046
0047
0048
0049
0050
0051
00582
0053
0054
0085
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0089
0081
ooae

0083
0084

008S

0086

40

45
50

60

300
302
304

10

80
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ZTT = XYZTRU(ID,3,IR,1I8)

NAISY STABILIZED COORDINATES WITH RESPFCT TO ISHIP
CALL TRANSF(XT,YT,27,X,Y,Z,I8KIP,18)

TRUE COORDIMATES WITH RESPECT ISHIP

CALL TRANSF(XTT,YTT,ZTT,XTRU,YTRU,2ZTRU,ISHIP,IS)
G6 T8 SO

CONTINUE
XYZTRU(CID,1,IR,18)

XTRU =

YTRU = XYZTRU(CIC,2,IR,1S)

ZTRU = XYZTRU(ID,3,IR,1S)

DO 4S5 I=1,3

DO 4S5 L=t,3

COVM(I,L) & CAVYMSCID,I,L,IR,IS)

CONTINUE
CONTINUE
IF(IFIRS

XP (1)
XP(e)
XP(3)
XP(4)
XP(S)
XP(6)

CONTINUE

T(MT,ISKIP) NE,O0) G& TO 60
X

XSMO(2,MT,ISHIP)

Y

XSMA (Y, MT,ISHIP)

b4
XSMO (6,MT,ISHIP)

KFLAG =

CaLL KALMANCTDEL,MT,X,Y,2,ISHIP,KFLAG,SD)
IFIRST(MT,ISHIP) m IFIRST(MY,ISHIP) + 1

IF(MPFLAG(MT,ISKIP) ,NE,0) GO TO 90
TLAST(NT,ISHIP) = TMS(ID,IR,18)
TIMLNK(MT,ISHIP) = TMS(ID,IR,I1S8)

IDRP 2 0

CALL DETLOC(NT,ILAC(J),IDRP)
CALL DETDRP(NT,ILOC(J),ISHIP)

PRINT 300, TIMLNK(MT,ISRIP),IT,XTRU,YTRL,ZTRU,IS8
FORMAT(/10X,F10,3,5X,'TARGET,14,3X,*'TRUE"',2X,3F13,3,43%,15)
PRINT 302, TMRK(ISEC,IRAD,ISHIP),X,Y,Z
FORMAT(10X,F10,3,17X,'NOISY!,2X,3F13,3)

PRINT 30Q4,XS(1),XS¢3),XS(5),XSC2),XS(4),XS5(6)

FORMAT (36X, 'SMOOTH!,2X,6F13,3//)
IF(IT.NE,1) GO TO 70

YYN(NP) & Y

YYY(NP) = XS(3)

XX31(NP) = TIMLNK(MT,ISKIP)
1YIS(NP) = IS

NP = NP+i

CONTINUE
ARE THERE MORE DETECTIONS T8 BE CONSIDERED,

IF(J.,EQ.K) GO TO 30

JaJ+t

Ga 70 10
CONTINUE
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0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0i00
0101
0102
0103
0104
010%
0106
o107
0108
0109
0110
oty
otse
0113
o114
0115
otié
0117
0118
0119
0teo
0121
0122
0123
0124
012S
ot2é
0127
0128

GRINDLAY

C IF LT HAS BEEN MORE THAN 2 SECONDS SINCE THE LAST UPDATE OF A SKIP
C IT WILL BE UPDATED TO WITHIN ONE SECOND OF THE SECTAR CRMSSING TIME,

as

90

20

35

180

3014
185
999

IFCCTMRK(ISEC, IRAD,ISHIP)=TLAST(NT,ISHIP)),LT,2) GO& TA& 999
TIM1 = TMRK(ISEC,IRAD,ISHIP)=1,

TDEL = TIMiwTLAST(NT,ISHIP)

IF(TOEL,LT, 1,) GNP TO 999

J = ISHIP

K a MPFLAG(MTY,ISHIP)

CALL SHPGEN(TIM1,NUMSHP)

CALL SCOORD(NUMTRG,NUMSHP,J)

X & RG(K,JIXSINCAZ(K,J))*COS(EL(K,J))

Y £ RG(K,J)«COS(AZ(K,J)I*COS(EL(K,J))

Z n RG(K,JI«SINCEL(K,J))

Do 85 Is3i,3

D8 85 L=1,3

COVM(I,L) = 0.1

CONTINUE
COVM(1,1)
covM(2,2) .
covM(3,3)
Go T0 SO
CONTINUE
TLAST(NT,ISHIP) s TIM!

TIMLNK(MT,ISHIP) = TIM4

GO TO 30

CONTINUE

IF(JLEQ,1) GN TO 999

CONTINUE

pe 35 I=1,N

XSMOCI,MT,ISHIPY = XS(1)

D@ 35 J=i,N

CAVSMO(I,J,MT,ISHIP) = PS(I,N)

PRECOV(T,J,MT,ISHIP) = PP(1,J)

CANTINUE

I1F (MPFLAG(MT,ISHIP)Y NE,0) GO T8 180

GO TO i8S

CONTINUE

NSKHIP =2 KeNUMTRG

PRINT 304, TIMLNK(MT,ISRIP),NSHIP,X,Y,Z,1SHIP
FORMAT(10X,F10,3,7X,'SHIPY,14,3X, ' TRUE',2X,3F13,3,43%,15)
CONTINUE

CONTINUE

RETURN

END

100,
100,
100.
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