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TRACKING SYSTKM FOR WO ASYNCHRONOUSLY SCANNING RADARS 

1.0. INTRODUCTION 

In tho past a number of automatic detection an.] tracking systems, each using detections 
from a single radar, have been constructed. This report describes a tracking system that 
uses detections from two asynchronously scanning radars located in close proximity. The 
radars used are the SPS-12 and SPS-39; provisions have been made to add the SPS-10 at a 
'ater date. The general configuration is shown in Fig. 1. The detection and measurement 
pn ' edures for each radar a¿e described in Refs. 1 and 2. In addition, Ref.'1 describes the 
gen» ral operation of the system. The SPS-12 is a two-dimensional (2-D) radar with a scan 
penod of C s The SPS-39 is a three-dimensional <3-D) radar with a scan period of 8 s 
which operates in a special mode using only two beams and thus acts as a 2-D radar. This 
is used to decrease the multipath fading when both radars are considered together. Also, 
the operator can ask for height information on a specified target and then the SPS-39 will 
perform an elevation scan over a small sector in azimuth about the target [1]. 

Fig. 1 — General configuration of the system 

TTie tracking system, which is the topic of this report, resides in a minicomputer 
(a Data General Nova 800). 

TTiree types of tracks are considered: clutter points (or slowly moving targets), tar¬ 
get tracks, and tentative (or new) tracks. The tracks are correlated or associated with the 
detections from the radars. The tracks are smoothed, and each target’s position is pre¬ 
dicted for the next time the radar will be over the target. In order to reduce the number 

Note: Manuscript submitted October 29, 1974. 
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of correlations to l»e performed, the tracks are stored in 64 sectors, and only those 
detections in the sector where the track is located and in neighboring sectors need be 
considered. 

Most of the single-radar tracking systems use the radar itself for a clock, since the 
radar operates at a constant scanning rate. While this system is similar to other tracking 
systems using a single radar, it differs from previous single-radar tracking systems in 
timing, filter updating, and track initiation, and in the use of detections from two radars. 
Section 2 defines the basic system parameters and discusses the basic routines. 

2.0. TRACKINGS SYSTEMS STORAGE FILES AND BASIC ROUTINES 

When a track is established in the software of the computer, it is convenient to assign 
it a track number. With this system, dl parameters associated with a given track are 
referred to by this track number. Each track number is also assigned a sector (region of 
space in azimuth) such that the correlation process (described in Secs. 4 and 5) can be 
performed efficiently. In addition to the track files, a clutter map is maintained. A 
clutter number is assigned to each stationary or very slowly moving target. All parameters 
associated with a clutter point are referred to by this clutter number. Again, each clutter 
number is assigned a sector in azimuth for efficient correlation. 

The input data bank, which includes detection measurements and control parameters 
from the radars, is described in section 2.4. Most of the remaining parameters are listed, 
along with the previously defined parameters, in section 2.6. Finally, two short routines 
are described: the smoothing filter and the calculation of detection time. 

2.1. Track and Clutter Number Files 

The track and clutter number files are the same as those described by Richeson of 
APL [3]. The parameters required for the files are listed below. 

Parameters Description 

NT Track number 
DROPT 1 (obtain) or 0 (drop) a track number NT 
FÜLLT Number of available track numbers 
NEXTT Next track number available 
LASTT Last track number not being used 

LISTT (256) File whose 256 locations correspond to track numbers 

NC 
DRfVC 
FULLC 
NEXTC 
LASTC 

LISTC (256/ 

Clutter number 
1 (obtain) or 0 (drop) a clutter number NC 
Number of available clutter numbers 
Next clutter number available 
Last clutter number not being used 
File whose 256 locations correspond to clutter numbers 
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Only the operation of the track number file is described, since the clutter number file’s 
operation is identical. 

r , ™e0írack number fi,e is by setting LISTT (/) = / + 1 for / = 1 through 255. 
LISTT (2o6) is set equal to zero (denoting the last available track number in the file) 
NEXTT = 1 (the next available track number), LASTT = 256 (the last track number not 
being used), and FÜLLT - 25b (indication that 255 track numbers are available). A flow¬ 
chart of the operation is shown in Fig. 2, and the subroutines TRKNO (NT. DROPT1 and 
CLTNO (NC, DROPC) appear in Appendix A. 

Fig. 2 - Flowchart for track number file, 
subroutine TRKNO (NT, DROPT) 

When a new track number is requested, DROPT is set equal to one, and the system 
checks to see if FÜLLT is zero. If FÜLLT is not equal to zero the routine is called. 
Since DROPT = 1, the new track is assigned the next available track number; i.e., NT = 
iIEXTT. 'Hie next available track number in the list is found, and NEXTT is set’equal 
to LISTT (NT). FÜLLT is decremented, indicating that one less track number is available. 
Finally, LISTT (NT) is set equal to 512 (a number larger than the number of possible 
tracks). TTiis is not necessary but helps in debugging the program. 
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A track number is dropped (DROPT = 0) by setting the last available track number 
LISTT (LASTT) equal to the track number NT, which is dropped. LISTT (NT) is set 
equal to zero to denote the last track number, and LASTT is then set equal to the track 
number being dropped, LASTT = NT. The parameter FÜLLT is incremented, indicating 
that one more track number is available. 

The track and clutter number files maintain a linkage fron¿ one number to the next, 
and they operate very rapidly, eliminating searching techniques. 

2.2 Track and Gutter Parameter Files 

Parameters associated with a given track number are listed below. Parameter TF (NT) 

Parameter Description 

NR (NT) 
RS (NT) 
AS (NT) 

VRS (NT) 
VAS (NT) 
RPT (NT) 
APT (NT) 
ES (NT) 

TT12 (NT) 
TT39 (NT1 
TT (NT) 
TF (NT) 

TTL12 (NT) 
TTL39 (NT) 

KT (NT) 
OUT (NT) 

Smoothed range stored every 8 
Smoothed range position ( 
Smoothed azimuth position ) 
Smoothed range velocity ( 
Smoothed azimuth velocity ) 
Predicted range position | 
Predicted azimuth position j 
Elevation angle 

scans of SPS-39 

xs(k) 

», (k) 

Xp(ft) 

Last time the SPS-12 updated the target 
Last time the SPS-39 updated the target 
Last time the target was updated 
Time of targets first detection/Elevation scan parameter 
Next time the SPS-12 will see the target 
Next time the SPS-3L will see the target 
0 firm track, 1 tentative track 
Output for display 

RPC (NC) Point clutter’s range 
APC (NC) Point clutter’s azimuth 

TCI2 (NC) Last time the SPS-12 updated the clutter 
TC39 (NC) Last time the SPS-39 updated the clutter 

is used to store the time of the first detection until a firm track has been established. 
After a track has been established, it is used as a counter to determine on what scan of 
the SPS-39 an elevation scan will ,*e performed on the target. 

Hie parameter OUT (NT) is used for the display. Its format is listed as follows: 
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Bit Condition 

0 
1 
2 
3 
4 
5 
6 

0 valid track; 1 invalid 
1 if SPS-12 is detecting a target 
1 if SPS-39 is detecting a target 
1 if SPS-10 is detecting a target 
1 if IFF is detecting a target 
1 if the track is being handed off 
1 if elevation information is requested. 

2.3. Track Number Assignment to Azimuth Sector Files 

llie azimuth-range plane is separated into 64 equal azimuth sectors, each of 5.625°. 
After a track is updated or initiated, the predicted position of the target is checked to 
see which sector it occupies, and the track is assigned to this sector. If the track is dropped 
or movto to a new sector, it is dropped out of the sector in which it was previously located. 
The parameters associated with sector files are listed below. Only the assignment of track 

Parameter 

TBX (/) 
IDT (256) 

CBX (/) 
I DC (256) 

Description 

First track number in sector / (a subscript of array IDT) 
Each location corresponds to a track number, and the location 
contains the next track number in sector / or a zero 

First clutter number in sector I (a subscript of array IDC) 
Each location corresponds to a clutter number, and the 
location contains the next clutter number in sector I or a 
zero. 

numbers to azimuth cells is described, since the clutter number assignment is identical, 
and the process is essentially the same as described in Ref. 3. Hie TBX (/) file contains 
the first track number in sector I. If TBX (/) = 0, there are no tracks in sector /. 'Die 
IDT (256) file has storage locations corresponding to each of the possible 256 track 
numbers. The first track number in sector I is obtained from FIRST = TBX (/). The 
second track number in the sector is obtained by NEXT1 = IDT (FIRST). The next track 
number in the sector is obtained by NEXT2 = IDT (NEXT1). This process is continued 
until a zero is encountered, indicating that there are no more track numbers in the sector. 

When a new track is added or a track moves from one sector to another, a track 
number must be added to the sector. The flowchart for achieving this is shown in Fig. 
3. The first track number in the sector is stored, the track number NT being added is 
made the first track number in the sector, and the track number NT in the IDT (NT) 
file is made equal to the original first track number in the sector. Tliis procedure is 
essentially a puaii-down stack, pushing the older track numbers further down in the file. 
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Fi({ 3 - Adding a track number NT 
to sector /, subroutine TNEW (NT, /> 

WTien a trac k is dropped or moves out of the sector, the track i.umber must be 
removed from the sector. The flow diagram for this is shown in F.g. 4. First, it is 
determined whether the first track number in the sector TBX (/) is the one being dropped. 
If it is, the first track number in the sector is set equal to the second track number in 
the sector, and the location in the IDT file corresponding to the track number NT being 
dropped is set to zero. NT is set equal to the track number in the file following the one 
just dropped, so that we now have the next available track number. If the track number 
being dropped is not the first one in the file, then the push-down stack IDT (NL) is 
searched sequentially until the trac k number is found. Hie vnriable IDT (NL) containing 
NT as the next truck number is replaced by the next track number following NT, and the 
variable in the ¡DT file corresponding to NT is set equal to zero. Again, NT is set equal 
to the track number in the file after the one being dropped. 

The subroutines are given in Appendix B. 

2.4. Input Data Bank 

Tlie basic nip n data from the radars can be broken into two categories; radar 
measurements and control parameters. The parameters associated with the input data are 
listed below. The input data to the SPS-12 will be discussed first. Two small buffers are 

Input 
Parameters 

RM12 ÍÁ') 
AM 12 (K) 
TNI 12 (K) 

TAG12 (/0 

(Con’t) 

Description 

Range measurement off SPS-12, /Oh detection 
Azimuth measurement off SPS-12, Kth detection 
Time of measurement off SPS-12, Kth detection 
Used in program (0 no correlation, 1 correlation) 

6 
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Input 
Paranietm l)Pflcription 

KM39 t/.| 
AM39 (/.I 
TM 39 (/.I 

TA(«39 U.\ 
KM39 )/.) 

Kant»«1 m«'ahun>m<*nt off SI'S-39, /.th üeU^-tion 
A/miulh mt-asii^ment off SI’S-39. /.th drt»*rtion 
'nnn- of mca-suremenl off SI’S-39. /.th détection 
l's«*d in proioram (0 no romdation, 1 nirreiation) 
Klrvation off SI’S-39, /.th d«*t**« tion 

MKK12 (/» 
M’12 (/) 
NB12 </| 

l’1239 (/( 
I12T 

MKK39 (J) 
NP39 (J) 
Mil2 (.71 

P3912 iJ) 
I39T 

l'im»* th»* SPS-12 »ross»*s the /th s«*» tor 
Position of pointer in buffer at /th s»*< tor erossinft 
Number of deUnlions in buffer in the /th sector 
Position of SPS 39 wht*n SPS-12 rross**s th** /th sector 
S»** U>r SPS-12 last crossed 
Time the SPS-39 cross»*s the 7th s»*ctor 
Position ot pombT in butter at .7th s»*» tor t rossinß 
Numl)»*r of detections in buffer in the 7th s«*ctor 
Position of SPS-12 wh**n SPS-39 crosses the 7th sector 
S«*ctor SPS-39 last crossed. 

external to the computer. <>n each rani{e sw«*ep of the radar one buff«*" is acceptmi; dai » 
<»n det»*ctions, and th« o’!.«*r is readmit the data accumulated in it during the previous 
sw«*«>p. rii«* buffers alt«*rnate on each ran^e sweep of the radar. A binary « «»unter that 
counts from K = 0 through 255 is used. Ka«*h time the data blink RM12 (Kf, AM12 
(A'), T.M12 IK) is read via a DMA (dir«*ct memory' access) «hannel into the computer the 
i'ount«*r is incr«*m«*niv-u by on«*. Di«* i'ount**r total plus som<* prefix«*d «'onstant r«*;»r»*sents 
the con* location of ea« h det«*ction measun-ment in the computer. When the «-«»unter 
n*a«h«*s 255 the n«*xt i-ount g«»«*s to /.ero. and the counter is n*«-ycl«*d. If the tracking 
syst«*m is w«»rking ri‘asonably close l>«*hind the radar the data an* never written «»ver be- 
fon* being us«*d. The timing and «-«»ntrol parameters are dis«'u^s»nl next. 

Th«*n* exist 61 **«p!.illy spaced azimuth se« t«»rs of 5.625'. i.e.. /=1 through 64. As 
the radar crosses a s«*ct«»r boundary, five parameters assnciaU*d with the /th sector are read 
int«» the «-«»mputer. Fh«* param«*U*rs an- the time the SPS-12 crossed the /th sector boundary 
MKK12 (/), the valu«* «»f th«* binary ««»unter used for addressing the input data NP12 (/), 
the number «»f target n*p«»rts that oc< urred in the /th sector NB12 (/). the position of the 
SPS-39 at the s»*« tor boundary P1239 (/). and the sector number I12T. 

'Hie data f«»r the SPS-39 are n*ad into the computer in the same manner but through 
a separate system. All data are n*ad thr«»ugh a daisy-chain priority DM A channel with the 
SPS-12 se< Uir inf«»rmation having t«»p priority, f«»llowed by SPS-39 se« tor information, 
SPS-12 detection data, and SPS-39 detection data. 

The clock us**d is a 15-bit binary counter that < «»unts «-very 8 ms. The clock counts 
through approximately 4.4 min. before recycling. Nothing in the program is ever referenced 
beyond about 1 rç-rn in the past, and th**refor»* «T«H'k r«*< ycling can easily he detected and 
compensated for. 
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Fig. 4 Dropping a track number NR from sector /, subroutine TDROP (NT, /) 
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lhe word TAG12 (K) or TAG39 (L) is used in the program to indicate whether the 
/tth detection from the SPS-12 or the Lth detection from the SPS-39 correlated with a 
track or not. It takes on value zero or one. 

2.5. Modulo Arithmetic 

The external clock just discussed recycles about every 4.4 min. Every time parameter 
in the program is referred to this clock. In addition, the azimuth recycles every 360°. In 
order to appropriately handle these conditions in the program, modulo arithmetic is used. 
Consider the addition of two numbers A ® B. If A ® ß is greater than the modulus, the 
modulus is subtracted from the sum. For a 15-bit representation of a number, A and B 
are both divided by two, then added using a modulus of 14 bits. The result is multiplied 
by two to achieve the 15-bit representation. This procedure is required to keep the 
machine from overflowing. 

In the case of subtraction, A ® B, the result should be small relative to the modulus. 
A large result implies a wraparound problem. A large positive result requires the sub¬ 
traction of the modulus, a large negative result requires the addition of the modulus. Since 
only positive values are subtracted, overflow is not a problem. 

2.6. Other Parameters 

Other parameters used in the program are listed in this section. These include display, 
elevation scan, status, program, and dummy parameters. Some of these parameters are 
self-explanatory. Others will be described more thoroughly in later sections. 

The program-related parameters are as follows. 

Parameter Description 

I12D 
I39D 

Sector in which tracks are presently being updated by SPS-12 
Sector in which tracks are presently being updated by SPS-39 

V12 
V39 

VRMIN 
VAMIN 

Rotational velocity of SPS-12 
Rotational velocity of SPS-39 
Range velocity for determination of target or clutter 
Azimuth velocity for determination of target or clutter 

TCMAX 
TTMAX 
TTLAG 

TNMAX 
TFIX 

Time a clutter is kept without an update 
Time a track is kept without an update 
TTMAX + e for modulo clock 
Time a tentative track is kept without an update 
Time after an initial detection before a decision is made 

(Con’t) 
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Parameter Description 

KONST Large number for determining a correlation 

CRC 
CAC 

CRT (8, 2) 
CAT (8, 2, 16) 

Range correlation region size for clutters 
Azimuth correlation region size for clutters 
Range correlation region size for tracks* 
Azimuth correlation region size for tracks* 

RALPA (128) 
AALPA (128) 
RBETA (128) 
ABETA (128) 

Range filter smoothing parameter a (time) 
Azimuth filter smoothing parameter a (time) 
Range filter smoothing parameter ß (time) 
Azimuth filter smoothing parameter ß (time) 

♦Function of time since last update, whether tentative or firm track, and range (only in azimuth). 

The status parameters are 

Parameter* Description 

ISTA (1) 
ISTA (2) 
ISTA (3) 
ISTA (4) 

ISTA (5) 
ISTA (6) 
ISTA (7) 

NTARGET, number of target tracks 
Total number of tracks 
Number of clutter points 
NCATCH, number of times ALPNM is called per scan 

(proportional to free processing time) 
I12DEL, present sector lag on SPS-12 
NELEV, number of targets in elevation search 
ISKIP; 1 indicates that sectors have been skipped on this 

scan. 

*ISTA (8) to ISTA (12) are not presently used. 

The alphanumeric parameters are listed here. 

Description 

Operational code specifying request 
Parameter stating information about request 
Parameter stating informât on about request 
Number of targets that fulfill -equest 
Track numbers that fulfill request 
Track number of target being handed off to the tracking 

radar B 
Restart sector if NUM > 32 

Parameter 

IOPER 
IPAR1 
IPAR2 
NUM 

JTAR (32) 
NHAND 

ISTART 

10 
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An elevation search is performed every four scans for the specified target. The 
elevation parameters are as follows. 

Parameter 

NDESTAR (4) 

IAZIM (16) 

NTARPR (8) 

NCOUNT 

Description 

Track numbers of targets designated by radar operator 
on present scan for elevation searches on the next scan 

Eight azimuth-range pairs designated to SPS-39 in order 
to perform elevation search 

Previously designated track numbers on which elevation 
searches will be performed on next scan 

Number of previously designated targets for which 
elevation searches are requested on the next scan 

The following are dummy parameters often used in the system. 

Parameter Description 

RM 
AM 
TH 

NDEL 1 
NDEL 2 

D 

DI 

DELR 

DELA 

ISECT 
IFLIP 

Measured range of target corresponding to track or clutter 
Measured azimuth of target corresponding to track or clutter 
Measured time of detection corresponding to track or clutter 
Time difference 
Time difference 
Distance from predicted position to nearest detection under 

correlation or equal to KONST 
Distance from predicted position to detection under 

correlation 
Difference between predicted position and target report 

in range 
Difference between predicted position and target report 

in azimuth 
Sector location 
0 or 1, denoting correlation with firm or tentative tracks 

The value of the least significant bit for certain parameters are 

Parameters 

Range positions 
Azimuth positions 
Range velocity 
Azimuth velocity 
Time 

Least Significant Bit 

31.25 ft 
0.010986° 
0.125 ft/s. 
0.000244 deg/s. 
0.008 s. 

11 
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2.7. Smoothing Filter 

A track is updated by computing a smoothed position and velocity. Then its position 
for the next update is computed. The filter used is an a - /3 filter (4] : 

i*) = Xp (k)+ a[xm(k)- xp(k)J 

Vs (fc) = Vg (k - 1) + ß[xm{k) - Xpik)]/^ (1) 

where 

Xp (fe + 1) = (ft) + Vg(k)Tc ? omputed elsewhere) and 

T\ = DELT, time between current time and last upt 

T2 = time between current time and next update. 

The internal parameter names for xs (ft), us (ft), and jcp (ft + 1) are given on page 4 for 
both range and azimuth. The values of a and ß are given as a function of time according 
to the Eq. [4]. 

a = 1 - e_2fwo^i 

¢,1, _ 2 cos <2> 

where f and ío0 are constants, and u)d is the damped natural frequency. The values a and 
ß are stored in tables as a function of Tl, where Tj is made an integer value using different 
stepping intervals for different regions of Tj. The parameters used in the routine for a and 
ß are shown on pages 9 and 10, and the subroutine is shown in Appendix C along with the 
values of a and ß used. 

There are several precautionary notes. First, roundoff error and overflow conditions 
must be considered in the routine. Second, the azimuth wraparound problem must be 
handled. 

2.8. Calculation of Time Until Next Update 

Given that a track has just been updated (or an update has been attempted) with a 
detection from the SPS-12, subroutine TME12 (TH, T2, NT) is called. The subroutine 
answers two questions. The first is, at what time does the SPS-12 see the target again’ 
This is estimated by dividing an azimuth of 360° by the difference between the azimuth 
velocity of the radar V12 and the azimuth velocity of the target VAS (NT). This result 
is added to current time TH to give the desired result, TTL12 (NT). A similar calculation 
is mauo when a track is being updated with measurements from the SPS-39 in subroutine 
TME39 (TH, T2, NT) to obtain TTL39 (NT). 

12 
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The second question is, How much time To will elapse between the current time TH 
and the time the ne a radar has the opportunity to detect the target? In TME12 (TH, 
T2, NT) TTL12 (NT) has just been computed, and TTL39 (NT) is known. The current 
time is subtracted from both quantities, and the minimum difference is taken as T2, 
defined as the increment in time between the time the target will next be updated and 
the current time. The current time TH is approximated by taking the time of the 
sector crossing MRK12 (7) for the sector in which the target lies. Similar calculations 
are made with TME39 (TH, T<¿, NT) The routines are shown in Appendix D. 

3.0. EXECUTIVE 

TTie executive controls the basic timing of the program and interfaces the program 
with some of the external functions. The basic flowchart of the executive is shown in 
Fig. 5, and the routine is in Appendix E. When the system is turned on, files are 
initiated, and the system waits until the SPS-12 leads the SPS 39 bv between 4 and 40 
sectors. Then I12D is set equal to I12T, I39D is set equal to I39T, and the system jumps 
to the starting point in the executive. The valves of I12T and I12D run from 0 through 
63 and represent the last sector crossing of the SPS-12 and the next sector to be updated 
on the SPS-12, respectively. If I12DEL = I12T 0 I12D* is greater than 20 we say the 
system is overflowing (processing lagging too far behind the radar). In this case new 
update times for each track are computed in the sectors skipped, and the system returns 
to the beginning of the executive. This essentially ignores all the data in these sectors; 
the tracks are not updated. If I12DEL is less than 5 the program is said to be “caught 
up.” Operator requests are accepted, and data are output to the alphanumeric display. 
Tlie parameter I12DEL is a measure of the processing lag behind the radar. The proc¬ 
essing lag is monitored only for the SPS-12 radar, since it is rotating faster than the 
SPS-39. The basic timing of the program will be examined next. 

First, a simple example: Consider two radars rotating at identical speeds separated 
by 180 in azimuth. The ideal manner of processing would be to update simultaneously 
tracks separated by 180° with detections from each radar. Because of the sequential 
nature of computer process,ng, simultaneous updating is impossible. Therefore, tracks 
are alternately updated with detections from each radar. Now let the radars rotate at 
different speeds. If the sector to be next updated by detections from each radar is I12D 
for the SPS-12, and I39D for the SPS-39 the sector farthest back in time is updated 
first. When the two radars are near each other but not in the sector in which they cross, 
this method always keeps the detections that occurred first, updating the tracks before 
later detections are cons.dered. In the crossing sector an inversion can occur; that is, 
later detections update the tracks before detections occurring earlier do. However, this 
inversion occurs over a very short time interval and in different sectors on a scan-to-scan 
basis. If a target is detected on both radars in the crossing sector, both detections are 
used to update the track. However, if the fUter is carefully examined, the first detection 
processed, even if a time inversion has occurred, will be given significant weight. The 
second one will be given essentially zero weight. This does not adversely affect the track 
unless the time inversion is long, a situation that is impossible. If a detection occurs on 
one radar and not the other or none on either one, the track update is not affected. 

*•,9 denotes modulo arithmetic. 

13 
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Fig. 5 — Flowchart of the executive, xubroutine

From Pig. 5, the indices of MRK12 (.) and MRK39 (.) run from 1 to 64 whUe I12D 
and I39D run from 0 to 63. 'nierefoiv, it is necessary to add one to I12D and I39D when 
computing the time difference IDIF - MRK12 (I12D ♦ 1) - MRK39 (I39D ♦ 1). The 
recycling of the clock is neglected for the moment, and if IDIF > 0. detections from the 
SPS-39 are used to update tracks in sector I39D, since they occurred earlier than those in 
sector II2D of the SPS-12. llte clock recycling problem is solved as follows. The sector 
crossing Umes MRK12 (I12D ♦ 1) and MRK39 (I39D ♦ 1) are fairly close together in real
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time, and if the times are on opposite sides of zero on the clock, the magnitude of the 
difference is much larger than 16,384.* By considering the sign on IDIF we can determine 
which detections (SI’S-12 or SPS-39) occurred earlier in time, in order to choose which 
radar will update the tracks next. 

Once the radar has been chosen, the clutter routine is called. The clutter routine 
operates one sector in advance of the sector counter (I12D * 1 or 139D 1) and removes 
from the detector file all detections that correlate with the point clutters. Then, in the 
tracking routine, the remaining detections are used to update first the target tracks and 
then the tentative tracks in the current sector (Il2D or I39D). Finally in the track- 
initiating routine, ail detections in the sector behind the sector counter (Il 2D 0 1 or 
I39D o 1 ) that have not correlated with either point clutters, target tracks, or tentative 
tracks are used to initiate tentative tracks. 'Die sector counter ÍI12D or I39D) is incremented, 
and the routine returns to the beginning of the executive to determine which sector will 
be updated next, and by which radar. In essence, the executive closely updates tracks 
with detections occurring sequentially in time. 

4.0. CLUTTER MAP 

The clutter map, subroutine MAP12, removes from the radar detections associated 
with point clutters or siowly moving targets. The flowchart for the clutter map using 
detections from the fPS-12 is shown in Fig. 6. 

The clutter map operates one sector in advance of the sector location I12D (where 
tracks are to be updated), and all detections from the SPS-12 associated with clutter 
points are removed before any tracks are updated. The clutter numbers in the clutter 
sector files are called up one by one to be updated. The following time differences are 
calculated for each clutter point: time since last update by SPS-12, given by MRK12 
(I12D + 1) TC12 (NC), and time since last update by SPS-39, given by MÄK12 (I12D 
+ 1) TC39 (NC). If both the time differences exceed 40 s, the point clutter is dropped 
from the clutter number and sector files, and the next clutter number in the sector is 
obtained. If the clutter point has been updated by the SPS-12 within the last second, 
then it has beer, updated by the SPS-12 on the current scan of the radar and is being 
considered again because it has changed sectors. In this case, the clutter point is ignored 
and the next clutter point is obtained. If, as is the usual case, the clutter point has been 
recently updated, but not on the current scan of the SPS-12, the clutter number is 
presented to the correlation part of the clutter map. 

The correlator attempts to correlate each clutter point in sector II 2D -i- 1 with all 
detections in sectors I12D, I12D i 1, and I12D 1 2. A detection is said to correlate with 
a clutter point if the distance DELR, which is the difference between the range to the 
clutter point and the range to the detector, is less than some distance CRC and if the 
angle DELA, which is the difference between the azimuth angle of the clutter point and 
the azimuth angle of the detection, is less than some angle CAC. If the detection doe. 

*Thp clock recycles every 32,768 counts (215). 
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not correlate with the clutter point, the next detection is examined. If the detection does 
correlate, the effective distance DI of the detection from the clutter point is calculated 
from 

DELA\ 2 

CAC I 

The detection that correlates with clutter and has minimum effective distance is the one 
chosen to update the clutter point. 

Any detection that correlates with a clutter point is removed from the input buffer 
file as follows: The location of the parameters of the first detection in a sector / is con¬ 
tained in NP12 (/), and the number of detection is contained in NB12 (/). A detection 
is removed from the sector by replacing its parameters of range, azimuth, and time by 
the parameters of the last valid detection in the sector, and decrementing the contents 
of NB12 (/) by one. In this manner all good detections in a sector are listed sequentially 
from the core locations of the first detection in the sector through the number of good 
detections left. 

When a detection updates a clutter, the measured positions and time of the detection 
are stored in RPC (NC), APC (NC), and TC12 (NC). If the clutter changes sectors, the 
clutter number is dropped out of the current clutter sector file and reinserted in the 
correct sector file. Whether a clutter point is updated or not, after all good detections 
have been examined, the next clutter number is obtained for processing. After all clutter 
points lying in this sector I12D « 1 have been processed, the routine attempts to update 
tracks in sector I12D. TT»e flow diagram for MAP39 is identical except that detections 
from the SPS-39 are used to update the clutter points. 

In summary, the clutter file stores the locations of the point clutters or slowly 
moving targets and removes the detection from the radars associated with them. If too 
long a time has elapsed between updates the clutter point is dropped. The subroutines 
MAP12 and MAP39 are shown in Appendix F. Note the handling of the wraparound 
problem with the clock and in azimuth. 

5.0. TRACK UPDATING 

The tracks are updated in routines TRK12 md TRK39. The flow diagram for track 
updating by using detections from the SPS-12 is shown in Fig. 7. 

A track number is obtained from the track sector files, and a filtering process takes 
place. First, all tentative tracks [KT (NT) = 1] are skipped until all target tracks [KT 
(NT) - 0] are processed; the tentative tracks are processed on a second pass through the 
track sector files. Second, all tracks whose predicted time of updating [TTT i2 (NT)] is 
more than 1.2 away from the time of the sector crossing [MRK12 (I12D',j are skipped, 
on the assumption that they have just been updated on the current scan and have been 
obtained for processing because they have changed sectors. The track is now ready for 
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correlation. TTie correlate. is similar to the clutter correlator described previously. The 
correlator attempts to correlate each track in sector 112D with all detections remaining 
in secturs 112D 0 1, 112D, I12D >' 1, and I12D •>' 2. A detection is said to correlate 
with a track if the distance DELR (ipredicted track range minus detection rangel) is less 
than the distance CRT (., .), and if the angle DELA (ipredicted track azimuth minus 
detection azimuthi) is less than CAT (.). CRT (., .) is a function of the time since 
last update of this track and whether the track is tentative or a target, and CAT (., ., .) 
is a function of time, whether the track is tentative or a target, and the range to the 
predicted track. If the detection does not correlate with the track, the next detection is 
examined. If the detection does correlate with the track, the effective distance DI of the 
detection is calculated from » 

DELA 
DI = 

CAT (.) 

Each detection that correlates with a track is indicated by setting TAG12 (.) equal 
to one. After all detections have been processed with a track, the detection with the 
minimum effective distance is used to update the track, and that detection is dropped 
from the detection files. Any other detections that correlate with the track remain :n the 
detection files to update other tracks but cannot be used to initiate new tracks. When a 
track is updated, subroutine FILTR (Sec. 2.7 and Appendix C) is entered, and the smoothed 
track parameters are generated. Then subroutine TME12 (Sec. 2.8 and Appendix D) is 
entered, and the elapsed time until the next opportunity to update this track is calculated. 
Hus time is used in conjunction with the smoothed position parameters and velocities to gen¬ 
erate the predicted positions of the track at the next opportunity to update. If the motion 
of the track places the track in another sector, the track number is removed from the cur¬ 
rent sector of the trac-K files and is inserted in the appropriate sector. If the track being 
updated is tentative, the elasped time since initiation of the track is checked. If this time 
is less than 16 s, the track is checked for a sector change, and the next track is obtained. 

If the time is more than 16 s, the filter has had time to settle down, and the 
smoothed velocity is assumed accurate enough to differentiate between target and clutter 
points. If the smoothed velocity is low enough (range velocity of 60 knots, azimuth 
velocity of 0.2 deg/s) the tentative track is placed in the clutter map (if unused clutter 
numbers exist). Fast-moving tentative tracks are confirmed as target tracks by setting 
KT (NT) equal to zero. Again the predicted position is checked for a sector change, and 
the next track is obtained for processing. 

If a track does not correlate with any detection, the disposition of the track depends 
on the type of track and the time since it was last updated. The lime of the next op¬ 
portunity to update is calculated. If the difference between this time and the time of 
the last update is greater than 17 s for a tentative track or 40 s for a target track, the track 
is dropped by removing the track number from the track number files. If the time since 
the last update is small the track is “coasted” i.e., the predicted position at the time of 
the next update is calculated using the smoothed parameters at the time of the last up¬ 
date. The track is checked for a sector change, and the next track number is obtained. 
The tracking part of the program is terminated after all tracks in the sector have been 
processed. 

19 
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TTie routine TRK39 is almost identical to TRK12. It uses detections from the SPS- 
39 father than the SPS-12. No filter is used in elevation, and the last measured elevation 
is stored. Every eight scans the routine checks the range velocity of a target track by 
using ll.e current range and the range eight scans previously and decides if the target track 
is a point clutter. The display information is set in TRK39. 

In summary, tracks are designated as target tracks or tentative tracks. No track is 
allowed to be updated by the sam* radar more than once in a scan. No detection is 
allowed to update more than one track, and any detection which correlates with any 
track is not allowed to initiate a new track. When a track is associated with a detection 
the track is updated and its position is predicted ahead to the time of the next opportunity 
to update the track. When a detection does not correlate with the track, the track is not 
updated; however, its position is still predicted ahead to the time of the next opportunity 
to update. The subroutines TRK12 and TRK39 are shown in Appendix G. 

6.0. TRACK INITIATION 

After all the clutter points and tracks have been updated with the detections the 
remaining detections are used to initiate new tracks. The flow diagram for initiating 
tracks from the detections from the SPS-12 radar is shown in Fig. 8. 

Tracks are initiated one sector behind the sector in which tracks are updated. Tim 
ensures that all tracks have been updated before the remaining detections are used for 
initiating tracks. Each detecUon remaining in u.is sector is obtained from the input data 
bank. The detection is checked to see if it has ever been correlated with a track by 
looking at TAG12 (.). If it has, no action is taken If it has not, a track is initiated if 
track numbers are available. 

A track is initiated by assigning a track number, setting the predicted and smoothed 
positions equal to the detection positions, and setting the velocities equal to zero. The 
track is made a tentative track and placed in the sector it was detected in. All times 
except the ones described below are set equal to the time of detection. The value of 
TT3S. (NT) is set TTLAG seconds behind the time of detection to indicate that the SPS- 
39 radar has not yet updated the track. The times TTL12 (NT) and TTL39 (NT), which 
denote the next time each radar will see the target, are set. 

In summary, one sector behind the sector of track updates, NEW12 initiates tracks 
for detections which have never been correlated. NEW39 performs the same operation 
with detections left from SPS-39 radar. The subroutines NEW12 and NEW39 are shown 
in Appendix H. 

7.0. ALPHANUMERIC DISPLAY 

Data requests for the alphanumeric display are processed by subroutine ALPNM. 
Tliis routine is called by EXCUT on an available-time basis, i.e., when all available tracks 
four sectors behind the radar have been processed. TTie general operation of ALPNM is 
described in Sec. 7.1, and the specific operator requests are described in Sec. 7.2. 

20 
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7.1. General Operation 

The radar operator enters three parameters (IOPER, IPAR1, and IPAR2) via a DMA 
channel. IOPER is presently a number between 0 and 7 specifying a request, and IPAR1 
and IPAR2 are parameters stating information about the request. After the request has 
been processed IOPER is set to -1, NUM is the number of data words that fulfull the 
request, and JTAR (32) represents the output data words. JTAR contains either six 
target parameters for a specified target or the track numbers that fulfill a request. It 
should be noted that inside the computer, track numbers run 1 to 256, whereas on the 
outside (display) they run 0 to 255. If more than 32 numbers fulfill a request, NUM is 
set to 255 and ISTART is set to an appropriate value so that the remaining track numbers 
can be given when the operator repeats his request. 

Approximately every half second the display equipment interrogates the location 
IOPER to see if it has been reset to -1, signifying completion. When a -1 is found, the 
appropriate values, NUM and JTAR (.), are read via a DMA. The detailed operating of 
the display equipment will be presented in a forthcoming report. 

7.2. Operator Requests 

The appropriate parameters for the different operator requests are given in the fol¬ 
lowing list. 

IOPER = 0 Target handofi 
IPAR1 = track number 
IPAR2 = 1 means end handoff request 

IOPER = 1 List targets within an azimuth interval 
IPAR1 = first azimuth 
IPAR2 = second azimuth 

IOPER = 2 List targets inside or outside a designated range 
IPAR1 = range 
IPAR2 = 1 (inside) or 2 (outside) 

IOPER = 3 List target parameters 
IPAR1 - track number 

IOPER =-- 4 List all targets 

IOPER ~ 5 List tentative tracks 

IOPER = 6 List hi^i-closing-velocity targets 
IPAR1 = velocity 

IOPER = 7 List targets under elevation search 
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The output parameters for IOPER = 0 or 3 are 

NUM = 6 
JTAR (1) = smooth range 
JTAR (2)- smooth azimuth 
JTAR (3) = elevation 
JTAR (4) = last update time 
JTAR (5) = smooth range velocity 
JTAR (6) = smooth azimuth velocity. 

The output parameters for all other requests are 

NUM = number of tracks 
JTAR (1) = track number 

JTAR (NUM) - track number. 

All searches are performed by searching through 
and the track indicator IDT (.). 

all sectors using the track map TBX (.) 

8.0. ELEVATION SEARCHES 

Azimuth angles at which the SPS-39 will perform elevation scans are calculated by 
subroutine ELEV. Subroutine ELEV is called by EXCUT once per scan of the SPS-S^ 
approximateiy when the SPS-39 crosses its 61st azimuth sector. When the SPS-39 goes 
through 0 , azimuth-range pairs for elevation scans are written via a DMA from the com¬ 
puter f shlft repster- The radar azimuth converter is compared to the designated 

Z?eUlv T» fen !qUa1’ f0Ur eIevation scans ^ Performed (this cove« approx¬ 
imately 7 of azimuth), and detections are made in a range interval centered at the 
designated range. There can be as many as eight designated azimuths per scan. 

8.1. Designated Targets 

Elevation scans are performed on two types of targets: those the operator has just 
designated and those that have been previously designated. The operator either designates 

ew targets or drops old targets by entering coded track numbers into NDESTAR (4) 
The eight least significant bits represent the track number, and the ninth bit is 1 if a 
terget is newly designated and 0 if a target is to be dropped. If a target number NT is 
designated, NT is stored in NTEMP (.), and TF (NT) is set to 4. NTEMP (.) is a storage 
area for the track numbers on which elevation scans are to be performed, and TF (.) is 
a counter that indicates how many SPS-39 scans occur before the next elevation scan on 
this target. Every time one attempts to update a target in TRK39, TF (.) is decreased by 
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1 Unti! U eiïUalS L ^611 TF (NT) e(luals 1’ TF (NT) 18 set back to 4, NCOUNT is in¬ 
creased by and NT is stored in NTARPR (NCOUNT), which is an array of targets 
previously designated. B 

As an example, assume that there are INUM targets newly designated and NCOUNT 

wfKTFMP H If (INUM + NC0UNT> < 8. all ‘rack numbers are stored 
into NTEMP and NCOUNT is set to 0. If (INUM + NCOUNT) > 8, the INUM newly 

fthe firSt (8 " INUM) previously designated targets are stored in NTEMP 
LL ^ ^ is reset to INUM + NCOUNT - 8, and the unused previously designated 
targets are stored m the first NCOUNT locations of NTARPR (.). Then the update times 

thVír .SCan °f the S,Pf39 are found for each target; these times are used to calculate 
the predicted positions oi the targets using Eq. (1). Approximately 3° is subtracted from 

, thte Predicted azimuths. These new azimuths now represent the angles where the 
elevation scans will begin. The azimuths are next ordered and the range-azimuth pairs 
tor each target are stored in consecutive locations of 1AZIM (.). If fewer than eight 
tergets are designated on a scan, the rest of the array is filled with zeros. This array is 
used by the SPS-39 to perform the desired elevation scan. The detailed operation of the 
hardware will be described in a separate report. 

8.2. Status Parameters 

Since subroutine ELEV is called once and only 
a convenient place for setting the status parameters 
10 uiui are self-explanatory. 

once per scan, this routine provides 
These parameters are given on page 

9.0. MONTE CARLO SIMULATION 

To test the tracking logic and to obtain an estimate of the processing time a 
computer simulation was written to generate radar data, i.e., range, azimuth, and time 
estimates for clutter points and targets. The simulation that generates radar data on tape 

ofdrSbHdtin SeCS' 91- t0c9'4nthe reSUltS of operatine the tracking logic against two Jets 
of radar data are given m Sec. 9.5, and various conclusions are given in Sec. 9.6. 

9.1. Generation of Clutter Points 

,,. . ?,äre ^ NJ c’utter Points, distributed uniformly in azimuth. Ninety percent 
of the clut.er points he between 5 and 32 n.mi., and the remainder lie between 32 and 
92 n.mi. In each interval, the range is uniformly distributed. Eighty percent of the 
clutter points can be detected by both radars, 10% can be detected only by the SPS-39. 

Mathematically, the statistical nature of the clutter points can be generated using a 
uniform random-number generator that generates a number U between 0 and 1. In the 
following discussion each U will represent a new random number. The azimuth of the 
target m degrees is 
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A¡ = 360 l/.j. (3) 

The range in nautical miles is 

30 t/,,2 + 2 

R¡ = 

600 t/, 2 + 32 

f/,,2 > 0.1 

Í//.2 < 0.1 . 

(4) 

Finally, let C,i2 and C/39 indicate whether the SPS-12 and SPS-39 radars, respectively, 
can detect the clutter points. That is, 

C/,12 - 1 and C/,39 = 1 

C/,12 = 1 and C/39 = 0 

if 0.0 < i/l)3 < 0.8 

if 0.8 < i/,,3 < 0.9 (5) 

C,,i2 = 0 and C/,39 = 1 if 0.9 < t/,,3 <1.0 

where 1 is a detection and 0 is not a detection. 

9.2. Generation of Targets 

There are NT targets, distributed uniformly inside a circle whose radius is fimax. 
Eighty percent of the targets can be detected by both radars, 10% only by the SPS-12, 
and 10% only by the SPS-39. The speed of the targets is uniformly distributed between 
500 and 1500 ft/s, and the heading is uniformly distributed in 360° 

Mathematically, the target’s initial coordinates are 

X, = (1 - 2Í//,! ) Rmax 

yi - (1 ~ 21//,2) Rmax 
(6) 

when 

R 2 
max (7) 

If Eq. (7) is violated, new U¿ti and i/,,2 are chosen so that Eq. (7) is true. T,,i2 and 
^/,39 are equivalent to C/,12 ^d C/,39 and are given by an expression similar to Eq. (5). 
The X and y velocities are given by 

VXj = V, cos (0,) 

VY, = V¡ sin (0, ) 
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where 

V, = 500 + 1000 i/,,3 (9) 

0, = 360 i/,,, (10) 

On every new scan of the SPS-39, the range of each target is calculated. If it exceeds 
'^max • it is replaced by a target with the fallowing parameters: 

X = R cos a 

y = ß sin a 
(11) 

where 

ß = 75 + 30 i/j (in nautical miles) 

a = 360 U2 (in degrees); 
(12) 

and 

VX = V cos 0 

VY = V sin 0 

where 

V = 500 + 1000 (/3 

0 = a + 180° + 14(1 - 2(/4). 

TTiese parameters specify a target entering the detection region. 

(13) 

(14) 

9.3. Initialization of Times and Radars 

The scan times of the two radars are randomized, so that 

S12 = 5.8 + 0.4(/} 

^39 “ 7.8 + 0.4(/2. 
(15) 

The radars consequently have asynchronous rotation rates. The initial positions of both 
radars are randomly set to one of 64 sector crossings. Hie times and angles are defined 
as follows: 

T is the present time 
T12 is the time of the next sector crossing of the SPS-12 
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739 is thf time of the next sector crossing of the SPS-39 
012 is the present position of the SPS-12 
039 is the present position of the SPS-39. 

Initially. 

T = 0 

T\2 = -Si2/f,4 

^39 = S39/64 

0J2 = 360 Kx2iCA 

039 = 360 *39/64 

where K\2 and *39 are integers uniformly distributed between 0 and 63. 

(16) 

9.4. Generation of Data 

Data are generated scct'-r by sector. First, time is incremented by 

= minimum (TX2, T29) - T (17) 

so that the present time is 

T = minimum (T12, T39), (18) 

and the radar positions are 0j2 + 360'/Sj2 and 0 39 + 360 /S39. The target positions 
are also updated so that the new positions are + A(V’X,) and Y, + A(Vy,). 

Without loss of generality, let us assume that T = T12. That is, radar detections will 
be generated for the SPS-12 in the azimuth interval 

012 - 1.5 to 012 - 1.5 - 360/64. (19) 

The 1.5° corresponds to the lag associated with threshold crossing procedures for esti¬ 
mating azimuth position [1]. 

9.4.1. Detection of Clutter Points — First of all, u.'’ computer program searches 
through the clutter file to find all the clutter points in the interval defined by Eq. (17). 
For each point in the interval, C, i2 is examined, and if the SPS-12 can detect the point, 
a random number U is generated and compared to Pc, the probability of detecting a 
clutter point. If Í7 > Pc, the clutter point is not detected on this scan, and the next 
point is processed. On the other hand, if U < Pc, the clutter point is detected; and range, 
azimuth, and time measurements are generated. The range measurement is generated 
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by adding a Gaussian randoir variable, whose standard deviation is 0.3 of a range resolution 
cell Cr/2 to the range of the clutter point and then quantizing the result into an integral 
number of range resolution cells. That is 

R M 
£l 
2 

Max Int 0.3 a, (20) 

where a, is a Gaussian random variable with mean 0 and variance 1. Since CT /2 = 500 ft 
for the SPS-12, and 1 binary in the computer corresponds to 31.25 ft, 16 X RM would 
correspond to the measured range that would be transferred to the tracking comptuer. In 
a similar manner, the measured azimuth is 

0Af=0i + 0.3al (21) 

and the azimuth sent to the computer is 

8 Max Int (2120M/360) (22) 

where a, is again a gaussian random variabk- with mean 0 and variance 1, and 360° corre¬ 
sponds to 2lft. The time is given by 

^12 ~ °M ^12 

360 

and the time transferred to the computer is 

Max Int [7^/0.008] modulo 215 

(23) 

(24) 

where 1 bit of time corresponds to 8 ms. 

9.4.2. Detection of Targets — The generation of target data is similar to the gen¬ 
eration of clutter data except for two minor differences: 

1. If the target range is less than 5 n.mi. or greater than ßmax, the target is not 
detected. 

2. The random number U is compared to PT, the probability of detecting a target, 
instead of to Pc. 

9.4.3. Bookkeeping Data At the SPS-12 sector crossing, the following five book¬ 
keeping variables are also calculated: 

1. Radar: 12 

2. Present sector: Max Int [64012/36O] 
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3.'Hmo: Max Int 1770.008] modulo 215 

•4. Position of othor radar: 8 Max Int 1212(i39/860] 

5. Number of dotootions: /V/>- 

Horn 5 is used to generate NPI2 and NB12, and item 1 is used to indicate which radar is 
generating detections. In the actual system item 1 is not required, since the DMAs store 
the data from the two radars at different locations in core memory. 

9.5. Monte Carlo Results 

ITie tracking algorithm was programed in Fortran on the CDC 3800 computer and 
the Nova 800 minicomputer. The CDC 3800 was used to check the logic and to obtain 
a very accurate timing of the system. Two cases were examined: a low-target-density 
case and a medium-target-density case. 

9.5.1. Low Target Density - In this simulation the following parameters were used: 

jVr = 40 clutter points 
Nf = 10 targets 
Pc = 0.95 probability of detecting clutters 
Pf = 0.90 probability of detecting targets 

In Fig. 9, the number of tentative tracks, target tracks, and clutters per scan of the SPS- 
12 are shown. On the first quarter of the SP-12’s scan (a scan is counted each time the 
radar rotates through 0' ), 12 tentative tracks are established. After the first full scan, 
56 tentative tracks are established. More than 50 tracks (40 clutters plus 10 targets) are 
establishr.1, because in crossing sectors (the SPS-12 passing the SPS-39) two tracks are 
established on new detections. This problem can be avoided by choosing the starting 
time so that the radars do not cross on the initial scan. Since 16 s is the earliest that 
tentative tracks can be changed into clutters or targets, the number of tentative tracks 
is not reduced until the fourth scan. Then the number of tentative tracks is reduced 
sharply. By the sixth scan, 30 clutter points have been correctly identified as clutter, 
and 9 targets have been correctly identified. On the other hand, one target hes been 
identified as clutter, and nine bogus tracks have been established. The incorrectly iden¬ 
tified target is at a range of 97 n.mi., traveling at a speed of 700 ft/s. However, since 
the target is traveling perpendicular to the radial vector, its radial speed is only 10 ft/s, 
and its azimuthal speed is 0.06 deg/s. Thus, because of its lo v apparent speed the target 
is placed in the clutter file. The bogus tracks are caused by the fluctuating point clutters. 
During the tentative track phase, the correlation regions are large so that high-speed 
targets can be tracked. Consequently, when a point clutter fades and another one appears, 
a correlation is made, a high velocity is developed, and the track is declared a target. 
TTiese bogus tracks either are not updated and are dropped after 40 s (for instance, two 
targets are dropped on scan 11), or are updated by a clutter point and become stationary. 
The latter tracks are removed by comparing the smoothed range every eight scans of the 
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SrS-39 If tht' target has moved less than 3000 ft, it is transferred to the clutter file. 
According to Fig. 9, targets are transferred on scans 9, 10, and 20 of the SPS-12. Finally 
on scan 21, a target goes beyond Kmax, and a new target enters the area. This new target 
is declared a target on scan 24, and the old target is dropped on scan 26. 

The computation time on the CDC 3800 is shown in Fig. 10. The times were mea¬ 
sured very accurately with the CDC 3800 time function. The startup times, scans 3 to 
5, are large because all detections are at first assumed to be targets and consequently 
require track computations, which are more time-consuming than clutter updates The 
steady-state computation time is approximately 140 ms. 

The computation time on the Nova 800 is more difficult to obtain, since the real¬ 
time clock counts only m seconds. Consequently, the total computation time was found 
for 16 scans, and the computation time was assumed to be proportional to the computation 
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timo of tho CUC 3800 on a 
s to process 16 scans and is 

scan basis. Specifically, the Nova required 
8.4 times slower than the CDC 3800. 

approximately 21 

Nc - 100 clutter points 
Nt = 50 targets 
pc - 0.95 probability of detecting clutters 
pT - 0.90 probability of detecting targets 
^max = 106 n.mi. 

9 III' 1 he ni'mber of tentative tracks- tarßet tracks, and clutters per scan of the SPS 
12 are shown Again, approximately 25% of the clutters are initially dassified as tL^ts 

.0f theS(‘ bogUS eI»minated on the eighth scan of the SPS-39. ’ 
dy state is approached on the eleventh scan of the SPS-12. 
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Fig. 11 — Number of tracks (clutter points, targets, and tentative 
tracks) vs scans of the SPS-12; medium target density 

The processing time is shown in Fig. 12. Tlte Nova 800 is 9.0 times slower than the 
CDC 3800. The largest processing time for the Nova occurs on the fourth scan. The 
processing time is 4.7 s, which is very close to the scan time of 6 s. If there were about 
200 detections per scan, the processing would start lagging behind and sectors could be 
skipped. However, since the steady-state processing time is below 6 s, steady state would 
eventually be reached. 

9.6. Conclusions 

From the simulations on the Nova 800, it appears that the tracking program v, ritten 
in Fortran is fast encv-gh to handle tracking loads that one would expect at CBD. Thus, 
the time and effort required to program the tracking system in assembly language can be 
avoided. Of course, the program would run several times faster if written in assembly 
language. 
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Fig. 12 - Computation time per scan of the SPS-12; medium target density 

The tracks that have been declared targets should not be considered “firm” tracks 
until they have passed the movement test that is performed every eighth scan of the 
SPS-39. There is not presently anything in the program called a “firm track,” but it 
probably will be added. 

10.0. SUMMARY 

The tracking system, designed to track targets using detections from two asychron- 
ously scanning radars in close proximity, differs from previous single-radar tracking systems 
in timing, filter update, track initiation, and the use of detections from two radars. 

The system is timed with respect to a single clock located outside the computer. 
Every detection is associated with a time of occurence. In addition, the time of each 
sector crossing for each radar is sent to the computer. TTie ideal way of processing the 
detections is to operate on them sequentially in time. However, the system operates on 
small azimuth sectors sequentially in time. The detections in the sector located farthest 
back in time is always operated on first. Thus, detections from one radar in a sector are 
operated on. This procedure causes very little difficulty. 
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Sime the detections are updating the tracks at nonuniform time intervals, filter co¬ 
efficients are varied according to the elapsed time between detections. The predicted 
position is computed using the interval between the time the next radar will be over the 
target and the current time. This interval is nonuniform from one update to the next. 

A track is initiated on detections that do not correlate with anything. After a period 
of time has passed (which allows the filter to settle) a decision is made on what to do 
with the new track. 

A Fortran program was written for this system and simulated on the Nova 800. It 
was found that it took about 3 s to process 100 point clutters and 50 targets. 
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Appendix A 

TRACK AND CLUTTER NUMBER FILES 
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SUBROUTINE CLTNOtMC, DROPC) 
COMMON/CNO/ LI STC< 256), NEXTCjLASTC* FULLC* I 12DEL 

INTEGER FULLCj DROPC 
IFCDROPC) 2<B* 10/ 20 

10 LISTC(LASTC)aNC 
LISTCCNC>*0 
LASTC»NC 
FULLC * FULL C+ 1 
RETURN 

20 NC-NEKTC 
MEXTC*LISTC<NC> 

40 FULLC » FULLC-1 
30 LISTC(NC)s512 

RETURN 
END 

♦Y5XTSS 
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SU3R0UTIME TRKMOCMT# DROP!) 
COMMON/TMO/LI STT( 25b) .♦ N EXIT, LASTT^ FÜLLT 

INTEGER FULL Tí DROPT 
IF(DROPT) 20/10/23 

10 LISTT(LASTT)=MT 
LISTT(NT) = 0 
LASTT=NT 
FÜLLT = FULLT+ 1 
RETURN 

20 NT=N EXTT 
N EXTT=LI STT(NT) 

40 FÜLLT = FÜLLT-1 
30 LISTT(NT) = 512 

RETURl^J 
END 
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AZIMUTH SECTOR FILES 
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SUBROUTINE CNENCMC*!) 
C0.M0.N/CFILE/C3XC 64), I DCC 256) 

INTEGER CB'< 
NL = CB<( I ) 
CBXCI) 3 NC 
IDC(NC) = NL 
RETURN 
EJ O 

SUBROUTINE CORO P< N CL I > 
CO-1 NON/ CFIL E/ C3XC 64)/ I DC( 256) 

INTEGER C3< 
.NL=C3XC I ) 
IFCNL-NC) 23^10^20 

10 C3XCI ) = IDC(N C) 
I DC< N C) = 0 
NC = C3X< I ) 
RETURN 

20 NE=IDC(NL) 
IFCNC-NE) 30^3^30 

33 NL = N E 
GO TO 20 

A3 I DC(NL) 31 DCC N E) 
NC = I DC(NC) 
I DC< N E) 3 0 
RETURN 
EN O 
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SUBROUTINE TMEaKNT, I> 
CONNOM/ TFIL E/ TB<< 64), I DT< 256) 

INTEGER TB< 
NL = TB<(I) 
TBX(I) = NT 
IDT(NT) = NL 
RETURN 
EN D TN EN 

SUBROUTINE TDRO P( N F, I ) 
CO.INON/TFILE/TBCC 64), I DT( 2 56) 

INTEGER TBX 
NL=T8 << I ) 
IF(NL-NT) 20,10,23 

10 TBX( I ) = 1 DT(NT) 
I DT ( N T ) = 0 
NT = TB<( I ) 
RETURN 

20 N B= I DT(NL ) 
IF(NT-NE) 30, 40, 30 

30 NL=NE 
GO TO 23 

40 I DT(NL) = I DTCNE) 
NT = I DT< NT) 
I DT( N E) = 0 
RETURN 
EJD 
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Appendix C 

SMOOTHING FILTER 
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SUBROUTINE FILTRC RM, AM/ DELT,NT) 
COMMON/TPAR2/RS( 256), AS( 256), VASC 2 56) 
CJMM0N/TPAR1/RPT( 256), APT( 256), ESC 256), VRSC 256), OUTC 256), I STAC I 

COMMON/TPAR7/RAL PAC 123) , AAL PAC I 23) , RBETAC123), ABETAC123) 
INTEGER RAL PA, AAL PA, RBETA, ABETA, DELT, DELTQ, RM, AM 

INTEGER RPT, APT, RS, AS, VRS, VAS, ES, OUT 
C-TIME GAP FUNCTION OF ALPHA-BETA TABLES. 

DELTQ = D EL T/20 + 1 
I FC DELTQ- 64) 10,10,2 

2 DELTQ = C DELT+ 1260)/40 + 1 
I FC DELTQ-96) 10,10,4 

4 DELTQ » C DELT+5060)/30 + 1 
I FC DELTQ- 128) 10, 10, 6 

6 DELTQ » 123 
409 6 FT/SEC=2**15 
I COUNT = 31.25 FEET. 
3 DEG/SEC » 2**15 
360 DEG = 2**15 
1 COUNT = 3 MS 

10 lCaRM-RPT(NT) 
RSCNT) = RPTCMT)* C RAL PAC DELTQ)*K)/32 
IT = AM-APTCNT) 
ITS = IABSCIT) 
I FC ITS-16334) 40, 40, 20 

20 ITS = 32767-1TS 
IFCIT.LT.0) GO TO 30 
IT = -ITS 
GO TO 40 

30 IT = ITS 
40 CONTINUE 

M= APTCNT)/ 2+ C AALPAC DELTQ) *1 T) / 64 
IF CM- 16334) 42, 45, 45 

42 IF CM) 43, 50, 53 
43 M*M+ 16334 

GO TO 50 
45 M»M-16334 
50 ASCNT)*M+M 

IF C DELT- 100) 100, 60, 60 
60 IF C DELT-300) 70, 70,30 
70 VRSCNT)=»VRSCNT)+ 122*C C3*RBETAC DELTQ) *K)/DELT) 

VASCNT)* VASCNT)+ 22*C C 3* ABETAC DELTQ) *1 T) / DELT) 
GO TO 100 

30 VRSC NT) » VRSC NT) + 244* C C RBETAC DELTQ) *K)/C DELT/4) ) 
VASCNT) = VASCNT)+44*C CABFTAC DELTQ)*I T)/C DELT/4) ) 

100 CONTINUE 
RETURN 
END 
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TIME TO NEXT UPDATE 

43 



CANTRELL, TRUNK, AND WILSON 

I 

SUBROUTINE TME12< TH# T, IG,NT) 
COMMON/VEL/ V12, V39 
COMMON/TPAft2/RS( 256)> AS( 256)^ VAS( 256) 
COMMON/TPAR3/TTI 2C 256), TT39( 256), TTL 12( 256), TTL39( 256), TT( 2 56) 

INTEGER V12, V39, T, TH, RS, AS, VAS 
INTEGER TT 12, TT39, TTL 12, TTL39, TT 

KT12“32767/(< VI2- VAS(NT)/22)/250) 
M=*TH/ 2+KTI2/2 
IF (M- 1638A) 20, 10, 10 

10 M^M-16384 
20 TTLI2(NT)=M+M 

T * TTL39CNT) - TH 
IF(IABS(T).GT. Í6384) T =» 32767+T 
IF(T.LT-0) T = 0 
I F( T. GT. KT1 2) T » KT12 
RETURN 
END 

SUBROUTINE TME3)C TN, T, I G, NT) 
COMMON/7EL/ V1 2, V39 
COMMON/TPAR2/RS( 256), AS(256), VAS( 256) 
COMMON/TPAR3/TT 12( 2 56), TT39( 2 56), TTL 12( 2 56), TTL 3? ( 2 56), TT(256) 

INTEGER V 1 2, V39, T, TM, (S, AS, VAS 
INTEGER TT 1 2, TT39, TTL 1 2, TTL39, TT 

<T39® 327 67/(( 739-VAS(NT)/22)/2 50) 
M*TM/2*.<T39/2 
IF (M- 1 633 4) 23, 13, 10 

13 M=*M- 1 633 A 
23 TTL39(NT)a l+M 

T a TTL 12(NT) - TM 
IF(IA3S(T).3T. 16334) T= 02767+T 
I F( T.LT. 0) T a 3 
IF(T.GT.MT39) T = MT39 
RETURN 
EJD 
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SUBROUTINE EÍCUT 
C0.1M0N/ALP/1 PARI/ I PARS* I OPER»NUM* JTAR( 32)> NHAND, I START, NCATCH 
COMMON/ELE/ NDESTAR< A), I A21M( 16), NTARPRt8),NCOUNT 
COMMON/KON/ KONST 
COMMON/DAT 12/RM 12C 2 56), AM 12( 256), TM 12( 256), TAG 12( 256) 
COMMON/IN 12/MRK12(64),NP12( 64),NB12( 64), PI239( 64), PI 21 0( 64), I 12T 
COMMON/ DAT39/ RM39( 256), AM39( 256), TM39( 256), TAG39(256), EM39(256) 
COMMON/IN 39/ MRK 39 ( 64), NP39 ( 64), NB39 ( 64), P39 12( 64), P39 1 0( 64), I 39T 

COMMON/ VEL/ V12, V39 
COMMON/ SECT/ I I 2D, I 39 D 
COMMON/aT/RPC( 256),APC(256),TC12(256),TC39( 256) 
COMMON/CPARl/ TCMAX, TCLAG, CRC, CAC 
COMMON/CEILE/C8K( 64), I DC( 256) 
COMMON/CNO/ LI STC( 256>,NEXTC,LASTC, FULLC, I 12DEL 
COMMON/ TFIL E/ T8X( 64) , I DT( 2 56) 
COMMON/TNO/LI STT( 256),NEMTT,LASTT, FÜLLT 
COMMON/TPAR1/RPT(256),APT(256), ES( 256),VRS( 256),OUT(256),ISTA( 12) 

COMMON/TPAR2/RS( 256),AS( 2 56) , VAS( 256) 
COMMON/TPAR3/TT12( 256),TT39(2 56), TTL12(256), TTL39C256),TT(256) 
COMMON/ TPAR4/KT( 2 56), TF( 256), NTARG ET, N EL EV, I SKIP 
COMMON/TPAR5/CRT( 8, 2), CAT(8, 2, 16), TTMAX, TTL AG 
COMMON/TPAR6/VRMIN,VAMIN,TNMAX, TFIX 
COMMON/TPAR7/RAL PA( 128),AALPA( 123),RBETA( 128),A3ETA( 128) 
COMMON/ TPAR3/N R( 2 56) , NMO D 
COMMON/BUF/1BUF( 30), I IK 1000),NST 

INTEGER CSX 
INTEGER RM12, AM12, TM12, TAG¡2 
INTEGER R439, AM39, TM39, TAG39, EM39 
INTEGER VI?, V39 
INTEGER PI239, P1210 
INTEGER P3912, P39 1 0 
INTEGER RPC, APC, TC12, TC39 
INTEGER TCMAX, TCLAG, CRC, CAC 
INTEGER OUT, CRT, CAT, TTM AX, TTL AG 
INTEGER FULLC, DROPC 
INTEGER FÜLLT, DROPT 
INTEGER RALPA» AALPA, RBETA, ABETA 
INTEGER TF 
INTEGER TBX 
INTEGER DELT, T, VR4IN, VAMIN, TNMAX, TFIX 
INTEGER TT12, TT39, TTL 12, TTL39, TT 
INTEGER RPT, APT, RS, AS, VRS, VAS, ES 

ACCEPT "REALi 0) OR SIMULATEDd) DATA. ", I REAL 
IF(IREAL) 300, 300, 301 

300 II • I 12T-I39T 
IF(II) 310, 320, 320 

310 II a 64+11 
320 IF(II>4) 300,330, 330 
330 IF(II«40) 340, 300, 300 
340 112D a i J 2T 

I 39D ■ I 39T 
GO TO 1 

301 ACCENT "INPUT FIRST SCAN PRINTED OUT. ’',JSCAN 
ACCEPT "INPUT NUMBER OF SECTORS READ. ".NSEC 
NST- 1000 
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CALL GIDA 
I12T-1120 
I39T-1 390 
I 12C » 9 
I 39C ■ 9 

1 l SCAN-0 
IrLEV » 0 

HOW MANY SECTORS ARE WE LAGGING BEHIND 

5 I12DEL-I12T-I12D 
ICK - lABSd 39T-61) 
IFUCK-l) 6,6,7 

6 IF(I ELEV) 7, 666,7 
666 CALL ELEV 

I ELEV - 1 
7 I F( I 12DEL) 3,9,9 
8 I 12DEL « I 120EL > 64 
9 IF(X 12DEL-20) 1Ü, 10, 4 
4 I F< I REAL) 45,41),44 

44 WRITE ( 10, 50) 
50 FORMAT < 1H0, •* LAGGING BEHIND MORE THAN 12 SECTORS") 
45 CONTINUE 

IJ - I39T - 15 
IFUJ) 497,497,498 

497 IJ - IJ+ 64 
498 NOEL - MRK39CI39T+1)-MRK39(IJ) 

IF(NOEL) 499, 501, 501 
499 NOEL - NDEL+ 32767 
501 V39 - 32000/<NOEL/16) + 3*<V39/4) 

I39C - 8 
IJ - I12T-15 
IF(IJ) 597, 597 , 598 

597 IJ - IJ+ 64 
598 NOEL - MRK 12( I 12T* 1)*MRK12<IJ) 

IF(NOEL) 599 , 601, 601 
599 NOEL - NOEL-t-32767 
601 V12 « 32000/CNOEL/16) * 3*(V12/4) 

I12C - 8 
1512-32767/( V12/250) 
I 539-32767/( V39/250) 
I INO« I 12Df I 12DEL-4 
00 440 1-1 120,1 END 
K-I+ 1 
IF (K-64) 402,402,401 

401 K-K-64 
402 NT-TBX(K) 
410 IF (NT) 440,440,420 
420 TTL12(NT)-TTL12(NT) + 1512 

NT-1 DT(NT) 
GO TO 410 

440 CONTINUE 
IF (K-64) 450,445,445 

445 K-0 
450 I12D-K 
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I 39 DEL* I 39 T-1 39 D 
IF ( I 39 DEL ) 451,452,452 

451 I 39 DEL»I 39DEL* 64 
452 I END* I 39 DM 39 DEL - 4 

DO 490 I » I 39 D, I END 
K*I* 1 
IF (K- 64) 462,462, 461 

461 K*K-64 
462 NT*Taxi«) 
470 IF (NT) 490,490, 480 
480 TTL39(NT)*TTL39<NT)M S39 

NT»IDT(NT) 
GO TO 47 0 

490 CONTINUE 
IF (K-64) 49 6,49 5,49 5 

49 5 K*0 
496 I39D-K 

10 IF (I Í2DEL-5) 2, 30, 30 
2 CALL AL PNM 

NCATCH-NCATCH-f 1 
IF (I REAL) 5, 5, 46 

HAVE PROCESSED ALL DATA 
READ IN NSEC ADDITIONAL SECTORS 

46 IF(NST.LT.800> GO TO 11 
CALL GTDA 

11 CONTINUE 
DO 29 1*1,NSEC 
CALL SHI FT( 5) 

12 IF ( I BUF( 1)-20) 13, 20, 20 

DATA FROM SPS-12 

13 11*18UF< 2) 
I 12T*II - 1 
MRK12(11)=1 BUF( 3) 
PI239( II) * I8UF(4) 
ITAR*IBUF( 5) 
NB12( 11) = 1 TAR 
JJ » II-1 
IF(JJ. EQ. 0) JJ a |6 
N=NP12(JJ)4-ITAR 
IF (N-256) 112, 111, ill 

111 N*N-256 
112 NP12( 11 )=N 

IF (ITAR. EQ. 0) GO TO 29 
N»3*I TAR 
CALL SHIFT(N) 

15 NS*NF12(JJ) ♦ 1 
DO 16 J» 1, I tar 
NS=NS+ 1 
IF(NS. EQ. 257) NS ■ 1 
RM 12( N S) ■ I BUF( J ) 
AM 12(NS)■ I BUF( J>I TAR) 
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TM12(NS)*IBUF(J+2*I TAR) 
16 CONTINUE 

GO TO 29 
C 
C DATA FRON SPS-39 
C 

20 11 *1BUF(2) 
I 39 T» 11 » 1 
MRK39(II)*1BUF(3> 
P3912(11) - IBUF<4> 
ITAR-IBUFC 5) 
N B39( I ! ) * ITAR 
JJ - 11-1 
1F<JJ. EG. 0) JJ « 16 
N-NP39(JJ)4-ITAR 
IF (N-256) 212/21 1/ 21 1 

211 N-N-256 
212 NP39(II>aN 

I F ( I TAR. EQ. 0) GO TO 29 
N-3*1 TAR 
CALL SHIFT(N) 

25 NS-NP39(JJ) * 1 
DO 26 Ja l/l TAR 
NS-NS+1 
IF(NS. EQ. 257) NS > ] 
IM39(NS)alBUF(J) 
AN39(NS)■IBUFCJ+ITAR) 
TM39CNS) = 1 BUF( J*2*I TAR) 

26 CONTINUE 
29 CONTINUE 

GO TO 5 

DECISION AS TO WHAT RADAR SECTOR TO UPDATE 

30 IDIF ■ NRK12(I 12Df 1) - NRK39( I 39D* 1) 
IDIFA-IABS(I DIF) 
IF (IDIFA-16384 ) 31/ 31/40 

31 IF (IDIF) 60/60/80 
40 IF (IDIF) 8 0/60/60 

UPDATE SPS-12 

60 IF (Il2D) 65/61/65 
61 IF (IOPER) 65/62/65 

62 CALL ALPNH 
65 112C - I12C-1 

I F( I 120 73/66/73 
66 IJ * I12T-7 

IF(IJ) 67/67,63 
67 IJ * IJ+64 
68 NOEL * NRK 12( 112T+ 1 )-NRK 12( IJ) 

IF(NDEL) 69/72,72 
69 NOEL - 32767*NDEL 
72 V12 ■ 16000/(NDEL/3) +7*(VI2/8) 

I12C a 8 

49 



CANTRELL, TRUNK, AND WILSON 

1 
73 CONTINUE 

CALL MAP 12 
CALL THK12 
CALL NEJ12 
I 1 20a I 12I> 1 
IF ( I 12CH64) 5/70/70 

70 I12D-0 
I SCAN » I SCAN* I 
IPRT = MO D< I SCAN/J SCAN) 
IF (I REAL) 5/5/7 1 

7 1 IF< IPRT.NE. 0) GO TO 5 
WRITE ( 10/ 56) 

56 FORMAT! 1H1) 
WRITE ¢10/51) V12/V39/NBCTC/LASTC/I SCAN 

51 FORMAT! •• V12 = "/16/M V39 = M/I6/// 
1 " NEMTC » ”/14/" LASTC = "/14/" SCAN = "/13) 
WRITE ! 10/ 57) 

57 FORMAT! IX///" SCAN RPT APT RS AS" 
1 /» VRS VAS TT12"//z" TT39 TTL12" 
2 / " TTL39 TT XT TF NR") 

DO 555 I» 1/ 256 
IF !KT! I ).GT. 10) GO TO 555 

55 WRITE ¢10/150) 1/RPT! I )/APT! I )/RS! I )/AS! I )/VRS! I )/VAS! I )/TT12! I )/ 

1 TT39!I)/TTL12!I>/TTL39!I)/TT!I)/XT!I)/TF!I)/NR!I) 
555 CONTINUE 

150 FO RM AT!I 4/719///719//) 
GO TO 5 

C 
C 
C 

UPDATE SPS-39 

80 IF ! I 39 D) 35/3 1/35 j 
3 1 I EL EV= 0 j 

NMOI^NMODfl j 
IF ÍNM0D-8) 3 5/32/3 5 j 

32 NMOB*0 
3 5 I 39C * I 39C- 1 

IF! I 390 9 3/36/93 
36 IJ * I39T-7 

I F! IJ ) 37/37/83 
37 IJ = IJ+64 
38 NDEL * MRK39! I 39T* D-MRX39! I J) 

I F!NDEL) 39/92/92 | 
89 NDEL =« 32767+NDEL J 
92 V39 * 16000/!NDEL/8) +7*!V39/3) I 

I39C * 8 
9 3 CONTINUE 

CALL MAP39 j 
CALL TRK39 ; 
CALL NEW39 ! 
I 39 D« I 39 D+ 1 
IF ¢139 0-64) 5/9 0/90 

9 0 139D»0 
GO TO 5 
END 
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SUBROUTINE MAP 12 
COMMON/iCON/ KONST 
COMMON/DAT 12/ R-l 1 2< 2 5Ó) ^ Al 1 2( 2 56) > TM 1 2( 2 56) , TAG 1 2( 2 56) 
COMMON/IN 12/MRK 12( 6A)>NP12( 64),NB12( 64)> PI 235( 64)/ P1 21 0( 64)/ I 1 2T 
COMMON/VEL/ V12/V39 
COMMON/CPAR1/ TCMAK/ TCLAG/ CRC/ CAC 
COMMON/CLT/RPC( 256)/ APC( 256)/ TC12( 256)/ TC39(256) 
COMMON/ CNO/ LI STC( 256) / N EKTC/L ASTC/ FULLC/ I 12DEL 
COMMON/CEIL E/C3K(64)/ IDC( 256) 
COMMON/ SECT/ I 1 2D/ I 39 D 

INTEGER FULLC/DROPC 
INTEGER CBK 
INTEGER RM 1 2/AN 12/Til 2/TAG 12 
INTEGER V1 2/ V39 
INTEGER P1 239 / P1210 
INTEGER RPC/APC/TC12/TC39 
INTEGER TCMAX/TCLAG/CRC/CAC 
INTEGER D/ DI 
INTEGER DHL R/ DELA/ TH/ RI/ A1 

IH = I12D + 2 
I F( IH- 64) 5/5/2 

2 IH = IH-64 
5 NC=CBX(IH) 

15 CONTINUE 
IF(NC) 10/ 1000/ 10 

10 NDEL1 = MRK 1 2( IH) - TC12(NC) 
IF(NDELl) 23/ 30/ 33 

20 NDEL 1=32767 + N DEL 1 
30 IF(NDEL1- 150) 900/9 00/ 40 
40 I F(NDEL 1-TCMAX) 203/ 203/ 50 
50 MDEL2 = MR< 12( IH) - TC39(NC) 

I F(NDEL2) 60/ 200/73 
63 NDEL2 = 32767 + N DEL2 
70 I F(NDEL2-TCMAX) 200/ 200/30 
80 CALL CLTNO(NC/ 0) 

CALL CDROP(NC/IH) 
GO TO 15 

230 J=0 
D=KON ST 

210 I F( J- 2) 220/ 220/ 400 
220 UK = I 12D + J +1 

I F( JK- 64) 222/ 222/ 221 
221 JK = JK-64 
222 J = J+i 

JB=NP12( JK) + 1 
K= 1 

225 I F(K-NB1 2( JK ) ) 230/ 230/ 210 
230 DELR = IABS( RM 12( JB; • RPC(NC)) 

IF(DELR-CRC) 240/240/ 300 
240 DELA = I ABS( AM 12(JB) - APC(NC>) 

I F( DELA-16334) 246/244/244 
244 DELA = 32767-DELA 
246 CONTTNUE 

I F( DELA-CAO 250/250/ 300 
250 NDl = 64«DELR/CRC 
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MD2 = 64* DELA/CAC 
ND1»ND1*ND1 
N D2=M D2*N D2 
Dl5>NDl + ND2 
I F< DI D) 260# 260, 27 0 

260 RM3RM 12(JB) 
AM=AM 12( JB) 
TH= TM 1 2( JB) 
D» DI 

270 JT=MP 12(JK)-MB 1 2(JK) ♦ 2 
IFCJT) 28 0,28 0, 29 0 

280 JTaJT* 256 
290 RM12(JB>3RM12<JT> 

AM 12( JB)®AM 12( JT) 
TM12CJB) = TM12(JT) 
NB12CJK)=MB12<JK>-1 
GO TO 225 

300 K=K+ 1 
JB=JB- 1 
IF(JB) 310,310,320 

310 JBaJB*256 
320 GO TO 225 
400 IF(D-KOiMST) 410,900,900 
410 RPC(MC)3RM 

APC( N C) = AM 
TC12CNC) = TH 
ISECT 3 AM/512+ 1 
I F( I SECT-IH) 420,900, 420 

420 NS 3 NC 
CALL CDROPCNC, IH> 
CALL CNEtf (NS, I SECT) 
GO TO 15 

900 NC3IDC(NC) 
GO TO 15 

1000 CONTINUE 
RETURN 
END 
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SUBROUTINE NAP39 
COMMON/KON/ KONST 
COMMON/DAT39/ RM 39( 2 56) > AM39 ( 256) / TM 39 ( 2 56) , TAG 39( 256), EM39( 256) 
COMMON/IN 39/MR,( 39( 64), NP39( 64), NB39( 64), P39 12( 64), P39 10( 64), I 39T 
COMMON/VEL/ V12, V39 
COMMON/CPAR1/ TCMAK, TCLAG, CRC, CAC 
COMMON/CLT/RPC( 2 56), APC( 256), TCI 2( 256), TC39( 2 56) 
COMMON/CNO/ LI STC( 2 56),NEXTC, LASTC, FULLC, I 12DEL 
COMMON/CFIL£/Ca<( 64), I DC( 256) 
COMMON/ SECT/ I 1 2D, I 39 D 

INTEGER FULLC, DROPC 
INTEGER CBX 
INTEGER RM39, AM 39, TM39, TAG39, EM 39 
INTEGER V1 2, V39 
INTEGER P39 12, P39 10 
INTEGER RPC, APC, TC12, TC39 
INTEGER TCMAK, TCLAG, CRC, CAC 
INTEGER D, DI 
INTEGER DELR, DELA, TH, RM, A1 

IH = I 39D*- 2 
I F( IH~ 64) 5,5,2 

2 IH = ÍH-64 
5 NC=Ca<(IH) 

15 CONTINUE 
IF(NC) 10, 1300, 10 

10 NDEL1 = MH:(39(IH) - TC39(NO 
IF(NDELl) 20, 30, 33 

23 NOEL 1= 32767+NDEL 1 
30 IF(NDEL1- 150) 930,900, 40 
43 IFCJDEL l-TCMAX) 200, 200, 53 
53 NDEL2 = MR( 39 ( IH) - TC 1 2(NC) 

I F(NDEL2) 63, 200,70 
60 NDEL2 = 32767 + NDEL2 
7 3 IF(NDEL2-TCMA'<) 200,200,8 0 
8 0 CALL CLTNO ( N C, 0) 

CALL CDROP(NC, IH) 
GO TO 15 

200 J=0 
D-KONST 

210 I F( J- 2) 220, 220, 400 
220 JK = I 39 D*-J+ 1 

IF(JK-64) 222, 222, 221 
221 JK = JK-64 
222 J = J+1 

JB»NP39( JK) + 1 
K= 1 

225 I F(K-NB39 ( JK) ) 230, 230, 210 
230 DELR = I ABS(RM39(JB) - RPC(NO) 

I F( DELR- CRC) 240, 240, 300 
240 DELA = I ABS( AM39( JB) - APC(NO) 

I F( DELA- 1633 4) 246, 244,244 
244 DELA = 327 67-DELA 
246 CONTINUE 

I F( DELA-CAC) 250, 250, 300 
250 ND I = 64* DEL R/CRC 
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N D2 = 64*DELA/CAC 
MD1 = MD1*ND1 
ND2=ND2*ND2 
DI »ND1+N D2 
IF(DI-D) 260# 260« 270 

260 fW=RM39(JB) 
AM3 AM 39 C JB) 
TH3TM39< JB) 

DI 
270 JT=NP39(JK)-NB39(JK) 2 

IF(JT) 28 0« 23 0« 29 0 
230 JT=JT+ 256 
29 0 FW39CJB> = RM39(JT) 

AM39(JB)=AM39(JT) 
TM39CJB) = TM39(JT) 
MB39CJK)=MB39<JK)-1 
EM 39 ( J B) = E439<JT) 
GO TO 225 

300 K=K+1 
JB=JB- 1 
IF(JB) 31 0^ 310/ 320 

310 J8=38+256 
320 GO TO 225 
400 IF(D-KONST) 410/900/900 
410 RPC(MC) = nM 

APCCNC) = AM 
TC39(NC>=TH 
I SECT 3 AM/512+ 1 
I F< I SECT- IH ) 420/900/ 420 

420 MS 3 NC 
CALL CDROPCNC/ IH) 
CALL CMEWvMS/ I SECT) 
GO TO 15 

9 00 NC3IDC(MC) 
GO TO 15 

1000 CONTINUE 
RETURN 
END 
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SUBROUTINE TRK 12 
COMMON/ TEST/ I SECT, N f. A, I R 
COMMON/EL E/ NDESTARC A), IA^IM( 1 6) , N TARPR( 8 ) , NCO UNT 
COMMON/ALP/1 PARI, I PAR2, I 0 PER, NUM, JTAR( 32), NHANO, I START, NCATCH 
COMMON/KON/ KONST 
COMMON/DAT 12/RM 12( 256), AM 12( 256), TM 12( 256), TAG 1 2( 2 56) 
COMMON/ IN12/MRK 12( 64), NP1 2( 64) ,NB1 2( 64), P1 239( 64), P1 2 1 0( 64), I 12T 
COMMON/ S ECT/ I 1 2D, I 39 D 
COMMON/CPAR1/ TCM AX, TCLAG, CRC, CAC 
COMMON/ CLT/ RPC( 256), APC( 256), TC12( 256), TC39( 256) 
COMMON/CFILE/CaX( 64), I DC( 256) 
COMMON/CNO/ LISTC( 256),NEXTC,LASTC, FULLC, I 12DEL 
COMMON/ MEL/ M 1 2, V39 
COMMON/TFILE/T3X( 64), I DT( 256) 
COMMON/ TNO/LI STT( 256) , N EXTT, L ASTT, FÜLLT 
COMMON/TPAR1/RPT( 256) , APT( 256) , ES( 256), VRS( 256),0UT( 256), ISTA( 12) 

COMMON/TPAR2/RS( 256), AS( 2 56), VAS( 256) 
COMMON/TPAR3/TT12( 2 56),TT39( 256), TTL12(256), TTL39( 256),TT(256) 
COMMON/ TPAR4/K T ( 256), TF ( 2 56), NTARG ET, NELEV, I SKI P 
COMMON/TPAR5/CRT( 3, 2), CAT(3, 2, 16), TTMAX, TTL AG 
COMMON/TPAR6/VRMIN, VAMIN, TN1AX, TFIX 

IN TEG ER RI 1 2, AM l 2, TI 1 2, TAG 1 2 
INTEGER V1 2, V39 
INTEGER P1 239, PI210 
INTEGER RPT, APT, RS, AS, VRS, VAS, ES 
INTEGER OUT, CRT, CAT, TTMAX, TTL AG 
INTEGER D, DI, RQ, OELR, DELA, TH, RM, AM 
INTEGER TT12, TT39, TTL 12, TTL39, TT 
INTEGER DELT, T, VRIIN, VA1IN, TNMAX, TFIX 
INTEGER FÜLLT, DROPT 
INTEGER T3< 
INTEGER TF 
INTEGER TC1 AX, TCLAG, CRC, CAC 
INTEGER FULLC, DROPC 
INTEGER RPC, APC, TC12, TC39 
INTEGER CBX 

I H = I 12I> 1 
I FL I P= 0 

5 NT=TBX( IK) 
15 CONTINUE 

IF(NT) 10, 1050,13 
10 IF(KT(NT)-IFLI P) 1000, 20, 1000 
23 NDEL 1 = 1 ABS( MRK12(IK) - TTL 1 2( NT) ) 

IF(NDEL 1- 16334) 40, 30, 30 
30 NDEL 1= 32767-NDEL1 
43 IF(NDEL1-150) 50, 50,1070 
50 NDEL2= I ADS(MRX 1 2( IH)-TT(NT) ) 

IF(NDEL2-16334) 70, 60, 60 
60 NDEL2= 327 67-N DEL 2 
70 NDEL2=NDEL2/62 5M 

1 F( NDEL 2-3) 90,30,30 
30 NDEL2s3 
90 RQ=RPT(MT)/2048* 1 

JCRT=CRT(NDEL2, IFLI P+ 1) 
J CAT= CAT( N DEL 2, I FLI 1, RQ) 
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J=0 
D=K0MST 

210 IFCJ-3) 220/ 220^00 
220 JK*I12I>J/ 

IF ( JX-64/ 222/ 222/ 221 
221 JK=J:<-64' 

30 TO 22^ 
222 IF ( JK) 223/ 223/ 224 
223 JK=64 
224 J=J*l 

JB=;JP12(JK) ♦ 1 
;<= 1 

225 I F< K-N B1 2( JK) ) 230/ 230/ 210 
230 DELS31 ABS( rïl 1 2( JB) - RPTC^T) ) 

IF( DELR-JCRT) 240/ 300/ 300 
240 DELA31 A3S( Al 1 2( JB) - APT(NT) ) 

I F( DELA- 16334) 260/ 250/ 250 
250 DELA 3 327 67- DELA 
260 CO I TI 14 UE 

I F( DELA-J CAT) 270/ 300/ 300 
270 .401 = ( 63*DEL2)/JCRT 

MD2=( 63* DELA)/JCAT 
.4DI =.4DI *.4DI 
:4 02=.4 D2*.4 D2 
DI 3‘4D l + N D2 
TAG 1 2( JB) 3 1 
IF(DI-D) 230/ 230/ 300 

233 J CALL3 JB 
JSECT=J:( 
D 3 DI 

330 K=K*1 
JB3 J 3- 1 
I F( J3) 310/310/225 

313 JB=J3+ 256 
GO T0 22 5 

430 I F( D-K0.4 ST) 410/333/303 
413 iil3 3.4 1 2( J CALL ) 

A43 A3 1 2( J CALL) 
TH3T.11 2( J CALL) 
JT34P12(JSECT)-:4 312( JSECT) + 2 
IF(JT) 420/ 420/430 

420 J T3 2 56+JT 
430 R4 1 2( J CALL ) 3 RI 1 2( JT) 

A4 1 2( J CALL ) 3 Ai 1 2( JT) 
T.4 1 2( J CALL ) 3 T.4 1 2( J î) 
TAG 12( J CALL) 3 TAG 12(JT) 
TAG 1 2( J T) 3 0 
Î4B l 2( J SECT) =14 31 2( J SECT) - 1 
DELT-I A3S( TH-TT (MT) ) 
IF( DEL T- 16334) 520/ 510, 510 

510 DE^T=32767-DEL T 
523 C0.1TIMUE 

CALL FILTR( Rf4/A4, DELT/MT) 
TT(MT)3TH 
TT 1 2(MT) 3 TH 
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S2I
522

523
524

525
526 

53a 
543

o3J

Jl J
323 
533 
343 
o7 3

5? 3 
733

720

TH » 1:« 12(H)
C<4LL T.1tl2( TH* T, H*MT)
XK»((T/ IJ) •( Vise:JT)/ 125) )/25 
TPT(JT) • 43(.1T) ♦
;< (»(!/ 32) •< VAiCiT)/ 137)
;l » A3(rJT)/4 ♦ < </A 
IF ( 1-31)2) 521, 523, 523 
IF ( 1) 522, 524, 524 
;l« 1*3 1)2 
30 T3 524 

1-31)2 
APT(.IT)»4*.1 
I 3ECT-.1/ 123» 1 
IF (IFMP) 633, 525, o3'3 
IF (.1T-.1.1A.JJ) 533, 526,530 
C.4L2 ALP.M
IF(I3LCT-M) 540, 1300, 540 
i;; ■ .^T
CALL TD UPCIT, H)
CALL T;lliV( 35, I 3ECT)
3J TO 15
3a,T=IA33(Tl -TFCIT))
IF( Jcl-T- 1633 4) 323, 610,010
JiLT* 32767-aU.T
IF( ca.T-TFI <) 530, 533, 533
IF( 1A3S( 7”S(.JT) ) - VniM) 640,670,670
IF( IA33( 7AC( IT) ) - 7A1I J) 6)3, 67 0, 670
,<T( JT)»0
TF(.JT)«2
1TA20LT».JTAT32T* I 
30 T3 533
IF(F’JLLC) 7 2 3, 723, 730 
CALL CLTIOCIC, 1)
^IPCCJO-TCOT)
A?C(7C)»AC(.JT)
TC12(.lC)»n
TC3)(.1C)»TT3)(.'JT)
CALL C Jt> ( .JC, I 5c.CT)
CALL TRiClOClT, 3)
JUT(MT)»- 1
KTCJT)»63
C/U-L T0R3?(.JT, IH)
3d T3 IS

C
c-
c

----------;J0 CO:itl-LATI J.J JIT.3 T.IIS TilACX.

500 COlTUaL
TH » .i:ui2(i:i)
Oa.T»ri-TT(.JT)
IF (iOa.T) 370, 330, 333 

370 Da.T»32767*OO.T 
330 COITI JUE

CALL T;1E12( ri, T, H,:iT)
T»T»D£LT
IF (IFLIP) )30,330,900
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390 IF (T-TTMAK) 39 1, 39 1,939 
990 IF (T-TNMAX) 9 10,9 10,720 
839 NTaRGÊT=NTARGET-1 

GO TO 720 
89 1 KTARG » TH-TT12(NT) 

IF(KTARG) 33 1, 382, 332 
331 KTARG = 32767 ♦ KTARG 
33 2 IFCKTARG-TT.3AX) 38 5,83 5,38 3 
833 TT 1 2(NT) = TH-TTLAG 

I F( TT 12( MT) ) 83 A, 38 5, 335 
334 TT12(NT) = 32767 ♦ TT12(NT) 
33 5 CONTINUE 

9 1 0 KK= < < T/ 40) * ( VRS( NT) / 1 43 ) ) / 6 
RPT(NT) = RSCNT) KK 
KK= ( T/ 50) *( VAS(NT)/ 112) 
A = AS(NT) /4 + KK / 4 
IF (M-3192) 921,923,923 

921 IF (M) 922,924,924 
922 13=:1+8 19 2 

GO TO 924 
9 23 :-1=.1-3 192 
9 24 I SECT=;i/123+1 

APT(NT) = 4*."1 
IFCISECT-IH) 540, 1000, 540 

1000 NT=I DT(NT) 
GO TO 15 

1050 IF(IFLIP) 1 100, 1060, 1 100 
1060 IFLIP = 1 

GO TO 5 
1070 CONTINUE 

:1=:1RK 12( IH)/ 2+ 327 67 /( V12/ 12 5) 
IF (MW 16334) 1075, 107 1, 1071 

1071 N*M-15334 
1075 TTL12(NT)»:l+:i 

NT = IDT(NT) 
GO TO 15 

1100 CONTINUE 
RETURN 
END 
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SU3R0UTI.JE Tn<39 

CO.ITOM/ALP/I PARI, I PA32, I JPER, .ÍU.1, JTAR( 32), MRAÍJD, I START, .JCATCR 
COMMON/ EL E/ MDESTARC 4), I Ail.K 16), M TARPR( 3 ), .J CO IWT 
C0MM0.M/^0:vI/ XO.^ST 
C0:i.10M/DAT39/ R1 39( 256), A.-I39( 256), T:139( 2 56), TAG 39( 256), EM 34( 256) 
COMMON/ SECT/ I 1 2D, I 39 D 
COMMON/CPAR1/ TCMAX, TCLAG, CRC, CAC 

COMMON/IN 39/MRK 39(64) , MP39(64), MB39(64),P3912(64), P39 1 0( 64), I 39 T 
COMMON/aT/RPC(256), APC( 256), TC12( 256), TC39( 256) 
COMMON/CFIL Ey CBM(64),1 DC( 256) 
COMMON/CNO/ LI STC( 2 56) , N E<TC, LASTC, FULL C, I 12DÜ 
COMMON/VEL/ V12, V39 
COMMON/TFILE/T3M( 64), I DT( 256) 
COMMON/TNO/LISTT( 256), N E<TT,LASTT,FÜLLT 
C0MM0N/TPAR1/RPT( 256), APT( 256), ES(256), VRS(256),0UT(256), ISTA( 12) 

COMMON/TPAR2/RS( 256), AS( 2 56), VAS( 256) 
COMMON/TPAR3/TT 12(256),TT39( 256),TTL12(256), TTL39( 2 56),TT(256) 
COMMON/TPAR4/XT( 256), TF( 256), N TARGET, N El, EV, I SKI P 
COMMON/TPAR5/CRT( 3, 2), CAT( 3, 2, 16), TTMAX, TTL AG 
COMMON/TPAR6/\’R;4IN, VA.MIN, TNMAX, TFI X 
COMMON/TPAR3/NR(2 56),NMO D 

INTEGER RM39, AM39, TM39, TAG39, E139 
INTEGER V12, V39 
INTEGER P39 12, P39 10 
INTEGER HPT, APT, RS, AS, VRS, VAS, ES 
INTEGER OUT, CRT, CAT, TTMAX, TTLAG 
INTEGER D, DI, RQ, DELR, DELA, TH, R4, A.1 
INTEGER TT 1 2, TT39, TTL 1 2, TTL39, TT 
INTEGER DELT, T, VRMIN, VAiIN, TNMAX, TFIX 
INTEGER FÜLLT, DROPT 
INTEGER TOX 
INTEGER TF 
INTEGER TCMAX, TCLAG, CRC, CAC 
INTEGER FULLC, DROPC 
INTEGER RPC, APC, TC12, TC39 
INTEGER C3X 

IH*I 39 !> 1 
IFLIP-0 

5 NT*TSX( IK) 
15 CONTINUE 

IF(NT) 10, 1053, 10 
10 IF(KT(NT)-IFLIP) 1300, 20, 1000 
20 NOEL 1*1 ABS(MR;X39( IR)-TTL39(NT) ) 

IF(NDE1,1-16334) 40, 30, 30 
30 NOEL 1*32767-NDEL 1 
40 I F(NDEL. I - 1 50) 50, 50,1070 
50 NDEL2*I AQS(MRK39( IH)-TT(NT) ) 

I F( NOEL 2- 1633*,) 7 0, 60, 60 
60 NDE1.2* 327 67-NDEL2 
70 NDEL2*N00,2/625+ 1 

IF(NOEL2-3) 9 0,80,30 
30 NDEL2*3 
90 RQ»RPT(NT)/2048+ 1 

JCRT*CRT(NDEL2, IFLI P+ 1) 
JCAT-CAT(NDEL2, IFLIP+ 1, RQ) 
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J=0 
D=»KONST 

210 IFCJ-3) 220/ 220,400 
220 JK=I39I>4-J 

IF (JK-64) 222/ 222/ 221 
221 JK*JK-64 

GO TO 224 
222 IF (JK) 223/ 223/ 224 
223 JX=64 
224 J*J+1 

JB*i\|P39( JlO + 1 
1 

225 IF(K-MB39( JK) ) 230/ 230/ 210 
230 DELR*I A3S( ft139i J9)-RPT(MT) ) 

I F( DELR-JCRT) 240/ 300/ 300 
240 DELA* I A35( A139 ( JB) - APT( NT) ) 

I F( DELA-1 6334) 260/ 250/ 250 
250 DELA * 327 67- DELA 
260 CONTINUE 

I F( DELA-JCAT) 27 0/ 300/ 300 
270 ND1=( 63*DELR)/JCRT 

ND2a( 6 3* DELA)/J CAT 
ND1=ND1*ND1 
ND2=ND2*ND2 
DI*ND1*ND2 
tag 39(j3)= i 
IFCDI-D) 23 3/ 23 0/ 300 

23 0 J CALL3J B 
JSECT=JX 
D = ÛI 

330 K=K+1 
J B= JB- 1 
IF(JB) 310/310/225 

310 J3=JB> 256 
GO TO 225 

420 IF(D-KON3T) 410/300/ 300 
410 RM*RM39(JCALL) 

A3* A3 39(JCALL) 
ES(UT)*E3 39( JCALL) 
TH* T3 39 < J CALL ) 
J T=NP39 ( J SECT) -MB39 ( J SECT) ♦ 2 
IF(JT) 420/ 420/ 430 

420 JT=256+JT 
430 RM39(JCALL)*RM39(JT) 

A3 39 ( J CALL ) * A3 39 ( J T) 
E3 39 ( J CALL ) = E3 39 ( J T) 
TM39( JCALL )*T3 39( JT) 
TAG 39(JCALL) * TAG39(JT) 
tag 39( jt) = 0 
NB39(J SECT)*N339(J SECT)- 1 
DELT*IABS( TM-TT(NT) ) 
IFOELT- 16384) 520/ 510/ 510 

510 DELT* 32767-CELT 
520 CONTINUE 

CA'.L FILTRCT3, AM, DELT, MT) 
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TT(.MT) = TH 
TT39(NT) = TH 
TH = H RK 39 ( IH ) 
CALL T:1E39C TH, T, IH/MT) 
KK=((T/ 10)*(VRS(MT)/12 5))/25 
RPT(MT) » RS(MT) ♦ KK 
KKa(T/32)*(VAS(MT)/137) 
H » AS(HT)/4 + KK/A 
IF (.4-3 192) 521, 523, 523 

521 IF Cl) 522, 524, 524 
522 ;4=M+3 19 2 

GO TO 524 
523 .4=:4-3192 
524 APTC'JT) =4*4 

ISECT=4/123+1 
IF (IFLIP) 600, 525, 600 

525 0UT(4T) = 24576 
C SET OUT 

526 KTARG=TH-TT12CMT) 
IF (KTARG) 527, 523, 523 

527 KTARG=KTARG*327 67 
523 IF (KTARG-TT.4AX) 531, 531, 529 
529 OUTOJT)=8192 
531 IF (JT-MHAMD) 533, 532, 533 
532 0 UT(NT) =0UTC4T) > 1024 

CALL ALP44 
533 IF ( TF(4T) ) 539, 539, 534 
534 0 UT( MT) *0UTC4 T) ♦ 512 

IF (TFCJT)-l) 535, 535, 533 
535 IF (MCOUJT-3) 536, 539, 539 
53Ó M CO UÎ4 T=M CO UM T-f 1 

.jtar?rcjcj’j:4T)=:jt 
TF(NT)= 5 

533 TF(MT) = TF(MT)-1 
539 IF (M.40D) 533, 541, 533 
541 IF < I A33( RSCJT)-MRCMT) ) .LT.97) GO TO 63 5 

MR(.MT) = R3(MT) 
530 I FC I SECT-IH) 540, 10 33, 540 
543 MS = MT 

CALL TDROPCMT, IH) 
CAL!. TM EJ (MS, I SECT. 
GO TO i 5 

633 DELT=; a33(TH -TF(MT)) 
IF( PELT- 16334) 620, 610, 610 

610 DELT= 32767-DELT 
620 IF(DELT-TFIX) 530, 533,630 
633 I F( I ABSM/RSCJT) ) - VR4JM) 640, 670, 670 
640 I F( I A35C VAS(MT) ) - VA.4IM) 690, 670, 670 
67 0 K7(M T)* 0 

TF(MT) = 3 
MTARG ET=M TARGET* 1 
GO TO 533 

63 5 M TARG ET= M TARO ET-I 
690 IF(FULLC) 723, 720,7 33 

C TRAMSFER OF A TRACK TO THE CLUTTER FILE 
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700 CALL CLTN0(NCj 1) 
RPC(MC) = RS(NT) 
APC(MC)3ASCNT) 
TC39(NC)aTH 
TC12(NC) = TT 1 2C NT) 
CALL CNEJ(NC/I SECT) 

C DROP A TRACK 
7 20 CALL TRKNOCNT, 0) 

KT(NT) = 63 
0UT(NT) = - 1 
CALL TDROP<NT, IH) 
GO TO 15 

-MO CORELLATIOM WI TrI THIS TRACK. 

300 COMTIMUE 
TH = MRK3JUH) 
Da.T=TH-TT(MT) 
IF (DELT) 870> 33 0> 330 

370 DELT= 327 67+DELT 
33 0 COM TI MUE 

CALL TMESSC TH/T/IK/.NT) 
T=T+DELT 
IF (I FLIP) 9 00/89 0/9 00 

390 IF (T-TT.1A'<) 89 1/89 1/889 
9 00 IF (T-TM.1AK) 9 10/910/720 
839 NTARGET=MTARGET-1 

GO TO 7 20 
891 OUT(NT)* 2457 6 

KTARG = TH-TT39(MT) 
I F(KTARG) 33 1/ 332/ 332 

33 1 KTARG = 32767 + KTARG 
332 IF(KTARG-TTHAK) 335/335/ 383 
333 TT39CMT) = TH-TTLAG 

OUT(MT)= 1 633 A 
I F( TT39(NT) ) 33A/835/ 335 

334 TT39<MT) * 32767 + TT39(MT) 
33 5 CONTINUE 

910 KK=((T/40)*( VRS(NT) / 1 48 ) ) / 6 
RPT(MT) = RS(NT) + KK 
KK=(T/50)*< VAS(NT)/ 1 12) 
M 3 AS(NT) /4 + KK/ 4 
IF (M-3192) 921/923/923 

921 IF Cl) 922/924/924 
922 M=M+3192 

GO TO 9 24 
9 23 M3.1-819 2 
9 24 APT(NT) = 4*M 

I SECT3.1/ 123+ 1 
IF (IFLIP) 530/ 526/ 530 

1000 MT3IDT(MT) 
GO TO 15 

1050 IF(IFLIP) 1 100/ 1060/ 1 100 
1060 I FLIP 3 1 

GO TO 5 
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107 0 CON TI.MUE 
:i=NFtt39( IK)/2+327 67/C V39/ 12 5) 
IF (:1- 1633-¾) 137 5, 107 U 107 1 

137 1 :i=M- 16334 
1 07 5 TTL 39(NT) =:4+1 

NT = IDT(NT) 
GO TO 15 

1103 CONTINUE 
RETURN 
END 
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SU3R0ÜTIME MH:J12 
COi-MOM/ DAT 12/ ai 1 2( 25ó) , A4 1 2( 2 56), T.4 1 2( 256) ^ TAG 12( 2 56) 
CO :1.40.'4/ IN 1 2/;ia( 12(óA),MP12(6A),.M312(6A),P1239(6A),P1210(6A),I12T 
COa.lO.-í/VEL/ V 1 2, V39 
C0.4 40;J/TFILE/TB\'( 64), I DT( 256) 
CO.4.4Oa/r.\I0/LI STK 2 56) , M E<TT, L ASTT, F'JLLT 
CO.4.40.4 / SECT/ I 1 2D, I 3) D 
COMMON/TPA31/RPT( 2 56), APT( 256),ES( 256), VRS( 256) , 0UT(256) , ISTA(12) 

COMMON/TPA32/RS(256), A3( 25o), VAS( 256) 
COMMON/TPAR3/TT12( 2 56), TT3)( 2 56),TTL 12( 2 56), TTL30( 256) , TT( 2 56) 
COMMON/ TPAR4/KT( 256), TF( 2 56), N TARGET, NEU EV, I S'(I P 
COMMON/TPAR5/CRT( 8, 2), CAT(3, 2, 16), TTMAM, TTL A3 
COMMON/ TPAR3/MR( 2 56),N40D 

INTEGER P1 239, P121 0 
INTEGER OUT, CRT, CAT, TTMAX, TTL AG 
INTEGER TF 
IN TEG ER R4 1 2, A4 1 2, T.M 1 2, TAG 1 2 
INTEGER V1 2, V39 
INTEGER RPT, APT, R3, AS, VRS, VAS, EC 
INTEGER TT1 2, TT39, TTL 1 2, TTL3), TT 
INTEGER FÜLLT, DROPT 
INTEGER TBM 

IH=I 12 D 
IF(IH) 10, 10, 20 

10 13=64 
20 JB=NP 1 2( IH) + 1 

K= 1 
50 I F( K-NB1 2( I H ) ) 63, 60, 230 
60 I F( TAG 12( JB) ) 73, 30, 70 
70 TAG 1 2(JB) = 0 

GO TO 100 
3 0 IF (FÜLLT) 100, 130, 9 3 

9 0 CALL TRINO (NT, 1) 
KR=RM 12( JB‘ 
RA= A4 1 2( JB) 
RPT(NT)=KR 
RS(NT) =:<R 
NR(NT)=MR 
APT(MT)=MA 
AS( NT) =:< A 
ES( NT) = 0 
VRS( NT) = 0 
VAS(NT) = 0 
NTI M= TM 1 2( J 3) 
M=NTIM/ 2+327 67/( VI 2/ 12 5) 
IF (M- 16334) 94,93,93 

9 3 M=M- 1633 4 
94 TTL 12(NT)=M+M 

TT 12(NT) =NTIM 
TT(NT)=NTIM 
TF(NT)=NTIM 
TT39 (NT) = NTIM - TTL AG 
I F( TT39(NT) ) 9 1,92,92 

9 1 TT39(NT) = 327 67+TT39 (N T) 
9 2 CONTINUE 
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I I = C<A-P1 ?3?( M> )/2 
IF cm ? 9 6/ 9 ó 

9 5 11 = 11+ 1 o33 4 
9 6 I 1 = 1 I/CV39/253) 

I 1 = 1 I + .MTI «1/2 
IF CII- 16334) 93/97,97 

97 11=11-16334 
9 3 TTL39C;JT) = II + II 

,C TC J T) = 1 
I 3ECT=:<A/ 512+ 1 
CALL T.JEWC.'JT, I SECT) 

130 :c=i<+ 1 
JB=JB- 1 
I FCJB) 1 53, 1 53, 50 

1 53 JB-JB+ 2 56 
GO TO 53 

2 33 CONTINUE 
RETUITJ 
SJD 
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SUBROUTINE NEW39 
CO 1.1314/ DAT 39/ R139C 256), A:139C 256), TN39< 256), TAG39C 256), EM39(256) 
CO.IMO.N/IN 39/.1 «<39( 64),NP39 ( 64), N339 < 64), P39 12( 64), P39 10( 64), I 39T 
CONMOM/ VEL/ VI 2,739 
CO.i;iON/TnLE/TB;<( 64), I DT( 256) 
COil-ION/ TNO/LI STT( 256),NEXTT,LASTT, FÜLLT 
CONION/ SECT/ 1 120,1 390 
CON.ION/ TPAR1/ RPT( 256), APT( 2 56), ES( 256), VRS( 2 56), OUT( 256), I STA( 12) 

CO.IION/ TPAR2/ RS( 256), AS( 256), VAS( 256) 
CONilON/ TPAR3/ TT 1 2( 2 56) , TT39( 256), TTL 1 2( 2 56), TTL 39 ( 2 56) , TT( 256) 
CON ION/ TPAR4/r(T( 256), TF( 25ó),NTARa ET, N EL EV, I SXI P 
CONNON/ TPAR5/ CRT( 3, 2), CAT(3, 2, 16), TTNAX, TTL A3 
C0M:10N/TPAR3/NR( 256), N10 0 

INTEGER P39 12, P39 10 
INTEGER OUT, CRT, CA f, TTN AX, TTL AG 
INTEGER TF 
INTEGER RN39, AI39, TI39, TAG39, EM39 
INTEGER V12, V39 
INTEGER RPT, APT, RS, AS, VRS, VAS, ES 
INTEGER TT 1 2, TT39, TTL 12, TTL 39, TT 
INTEGER FÜLLT, DROPT 
INTEGER TBX 

IH=I 390 
IF(IH) 10, 13, 23 

10 IH-64 
20 J3=NP39( IH)+1 

K" 1 
50 I.'(K-NB39( IR) ) 63, 63, 230 
60 I F( TA339( JB) ) 73,80, 70 
70 TAG 39 ( JB) = 0 

30 TO 103 
30 I F( FÜLLT) 100, 100, 90 
9 0 CALL TRKNO(NT, 1) 

K R= FC139 ( J B) 
KA=AN39( JB) 
RPT(NT) =XR 
RS(NT) =i< R 
NR(NT)=XR 
APT(NT)=:<A 
AS(NT)=KA 
ES( N T) = El 39 ( J B) 
VRS(NT) = 0 
VAS(NT) = 0 
N TI TN 39 (JB) 
N=N TI N/2+327 67/(V39/ 12 5) 
IF CI- 16334) 94,9 3,9 3 

93 N=N-16334 
9 4 TTL39(NT)*;i+N 

TT39(NT)=NTIN 
TT(NT) =NTi:i 
TF(NT) =»NTIM 
TT 12(NT) = NTIN - TTLAG 
I F( TT 12(NT) ) 91,92,92 

91 TT 12(NT) = 32767+TT12(NT) 
92 CONTINUE 
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I I = ( ,< A- P3? 1¿( IH) )/2 
IF ( 11 ) ) 5, ? 6/ 5 6 

)5 11=11+16334 
11=11/(V12/253) 
II = II+:iTM/2 
IF (II- 1 0334) )3,57,97 

)7 11=11-10334 
53 TTL12(NT)=II+II 

<TCnJT)= I 
I 3£CT=KA/ 512+ 1 
CALL T.l LJ( NT, I SECT) 

1 33 .( = :(+ 1 
J 3= J B- 1 
I F( J 3) 1 53, 1 53, 53 

150 J B= JB+ 2 56 
GO TO 53 

233 CONTINUE 
3 ET URN 
HMD 
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SUBROUTINE ALPNM 
COMMON/ALP/I PARli I PAR2.* I 0PER* NUM/ JTARC 32) » NHAND< I START* NCATCH 
COMMON/TPAR1/RPT( 256)* APTC 256)* ES( 256)* VRS(256)* 0UT( 256)*ISTA<12) 

COMMON/TPAR2/RS( 256)* AS< 256)* VAS( 256) 
COMMON/TPAR3/TT 12( 2 56)* TT39C 256)* TTL 1 2< 256)* TTL39( 2 56)* TT( 256) 
COMMON/TPARVKT( 256)* TF( 256) * NTARG ET* N £L EU* I SKI P 
COMMON/TFILE/TBX( 64)* I DT< 256) 
INTEGER TT 12* TT39* TTL 12* TTL39* TT 
INTEGER RPT* APT* ES* VRS* OUT* RS* AS* VAS* TF* TBX 
IF ( I OPER) 1000* 1* 1 

1 NUM= 0 
IOPER= I OPER+ 1 
GO TO ( 100* 200*9 00* 106*9 00* 600*9 00*9 00*9 50)* IOPER 

C TARGET HANDOFF: IOPER= 1* I PAR1 = TARGET* I PAR2= KKILL REQUEST) 
100 I F( I PAR2- 1 ) 105*101*105 
101 NHAND= 0 

GO TO 9 50 
105 NHA’>!0=I PAR1+ 1 

C TARGET PARAMETERS: I 0 PER= 4* I PAR 1= TARG ET 
106 I»lPAR1+1 

NU>1= 6 
JTARC 1 ' “ RS( I ) 
JTARC 2) = ASC I ) 
JTARC 3) * ESC I ) 
JTARC 4) = TTC I ) 
JTARC 5) = VRSC I ) 
JTARC 6) = VASCI ) 
GO TO 9 50 

C TARGETS IN AZIMUTH SECTOR: I0PER=2* I PAR1 = A1* I PAR2=A2 
200 I SEC1-IPAR1/512+1 

IF CI START-l) 203* 205* 203 
203 ISEC1*I START 
205 ISEC2=I PAR2/512+1 

IF CI SEC2-1 SEC 1 ) 206* 203* 203 
206 ISEC2=I3EC2+64 
233 CONTINUE 

DO 250 1*1 SEC 1* I SEC2 
K=I 
IF (K- 64) 21 1* 21 1* 209 

209 K=K-64 
211 NT=TBXCK) 
210 IF (NT) 250* 250* 215 
215 IF (KTCNT)) 240* 220* 240 
220 N UH3N UM + 1 

JTARCNUM) =NT- 1 
IF (N UM- 32) 240*945*945 

240 NT=I DT(NT) 
GO TO 210 

253 CONTINUE 
ISTART=1 
GO TO 9 50 

C TENTATIVE TRACKS: I0PER=6 
600 DO 650 I * I START* 64 

NT= TBXCI) 
610 IF (NT) 650* 650* 615 
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615 IF C<T(MT)-1) 6^0, 620/ 6¿t0 
o20 NU:'l=i>JUM* 1 

JTARCJUM) a.MT- 1 
I F(MIW- 32) 640/945,945 

640 NT=>I DT(MT) 
30 TO 610 

6 50 CONTINUE 
ISTART=1 
00 TO 9 50 

: lOPERs 3/TARGETS IN SI DE( I PAR2= 1 ) OR 0 UTSI DE( I PAR2= 2) R(IPARl) 
LIST TOTAL TRACK FILE: I0PER=5 
LiST HIGH CLOSING VELOCITY TARGETS: I0PER*7, I PARl = VELOCI TY 
LIST TARGETS UNDER ELEVATION SEARCH: I0PER=3 

9 03 DO 9 40 1*1 START, 64 
NT= Taxe I ) 

9 10 IF (NT) 9 40/9 40/9 15 
915 IF (KT(NT)) 930/920/930 

920 GO TO (9 50, 9 50/ 300, 9 50/9 25/ 9 50/ 700, 3 00/9 50), IOPER 
300 IF ( RPT(NT)-I PARI) 325, 325, 330 
32 5 IF CIPAR2- 1) 9 30,925,930 
330 IF (IPAR2-2) 930/925,930 
700 IF ( VRS(NT) + I PARI ' 925,930,930 
300 IF ( TF(NT) ) 930,930/925 
9 25 NUN SMITH* 1 

J TAR(N UH)=N T- 1 
IF (HUM- 32) 930/ 945,945 

9 30 NT=I DT(NT) 
GO TO 9 10 

940 CONTINUE 
I STARTs 1 
GO TO 9 50 

945 NUM=255 
I STARTs I 

9 50 IOPERs-1 
1300 RETURN 

END 
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SUBROUTINE ELEV 
COMMON/ELE/ N DESTARC 4) * I AS IM ( 1 6) , NTARPRC 3 > * N CO UNT 
COMMON/ALP/1 PARI/ I PAR2> i O PER» NUM/ J TAR( 32)/ NHAN D/ I START.. NCATCH 
COMMON/TPAR2/RS( 256), ASC 256), VAS( 256) 
COMMON/TPAR1/RPT( 256), APT( 25b), ES(2 56), VRS( 2 56),0UT( 256.', I STA< 12) 

COMMON/TPAR4/RT( 2 56), TF( 2 56,/NTARG ET, N ÍL EU, I SKI P 
COMMON/TPAR3/TT12( 2 56), TT39( 2 56), TTL12(256),TTL39(256),TT(256) 
COMMON/ TNO/LI STT( 256) , N EXTT, L ASTT, FÜLLT 
COMMON/ CNO/ LI STC( 256), NEXTC, LASTC, FULLC, I 1 2DQ* 
COMMON/7EL/ VI 2,739 
OIM EN SI ON NTEMP( 3) 
INTEGER RS, AS, VAS, RPT, APT, ES, 7RS, OUT, TF, V12, V39 
INTEGER TT12, TT39, TTL 12, TTL 39, TT, FÜLLT, FULLC 
INUM= 3 

C REOUEST FOR ELEVATION ON NEW TRACKS 
DO 13 1= 1, 4 
K3N DESTAR( I ) 

3 I F ( K > 1 0, 4, 4 
4 IF (K - 2 56) 5, 3,3 
5 TF(K+1) = 0 

N EL E7=N EL EV- 1 
GO TO 9 

3 INUM=i:4UMM 
N EL E7=;j EL £7+ 1 
NT=K-255 
TE’( N T) = 4 
NTE1P( IN IM ) = N T 

9 NDESTAR(I )=- 1 
10 CONTINUE 

C PROCESSING OF OLD REOUESTS 
IF ( jCJUNT) 25, 25, 12 

12 NN = M COUNT 
N COUNT* 3 
DO 23 1=1, NN 
IF ( IN UM-3) 14, 16, 16 

14 inum=i:jnm+i 
NTE3P( INUI) = NTARPR( I ) 
GO TO 23 

16 N CO UN T= N CO UN T+ 1 
NTARPR(NCOUNT) = .NTARPR( I ) 

20 CONTINUE 
2 5 INUM2=INUM>INUM 

IF ( INUM) 100, 90, 26 
C PREDICTION OF NEW POSITION 

26 I SCAN= 32767/( 7 09/250) 
DO 63 1=1, INUM2, 2 
11 = (1+1)/2 
NT=UTHMP( 11 ) 
NDEL= TTL 39 ( NT) - TT(NT) 
IF (NDEL) 30, 35, 35 

30 N DEL3 327 67 + U DEL 
35 KK=((N DEL/40)* (7RS(NT)/143))/6 

I AS IM ( I + 1 ) = RS( NT) + KK 
KK=(NDEL/50)*( VAS(NT)/ 112)' 
M= AS( NT) / 4+KK/ 4- 64 
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IF (H-8192) 40,45,45 
40 IF Ol) 42, 50, 50 
42 N*M+8192 

GO TO 50 
45 N*N-8 19 2 
50 I IM(I )3 4*M 

IF 01-7 163) 60, 60, 55 
55 IF <N03--1 SCAN/2) 58, 60, 60 
58 NDEL3NDHL*I SCAN 

GO TO 35 
60 CONTINUE 

INUMl3INLM2-2 
IF (INUM1) 90,90, 65 

C ORDERING OF TRACKS IN AZINUTH 
65 DO 80 I» 1, INLM 1, 2 

1131 2 
DO 30 J=II, INLM2, 2 
IF ( IAZI.K I )-1 AZIMC J) ) 30,30, 70 

70 K3I AZI:<!( I ) 
IAZIM(I)3IAZIN(J) 
IA?IN(J)3K 
K=I AZIN<I> I) 
I AZ IM C I + 1) = 1 AZI>1<J+ 1) 
IAZIMCJ+1)3K 

30 CONTINUE 
C ZERO FILL 

90 N END31NUM2+ 1 
IF (NEND- 16) 9 1,9 1, 100 

9 1 00 9 5 IsNEND, 16 
9 5 IAÎI.KI)30 

C status parameters 
100 I STAC 1)3NTARGET 

I STAC 2) = 255-FULLT 
I STAC 3) = 255-FULLC 
I STAC 4)3NCATCH 
NCATCH30 
I STAC 5) 3I 12DEL 
I STAC 6) 3N EJ- EV 
I STAC 7)31 SK IP 
I SKIP=0 
EJD 
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CO.IMû.^/ELE/ M DESTAR( A) # lAéIMC 1 6)/ NTARPRC 8 )^ NCOUNT 
CO .-1 MON/ AL P/1 PAR 1 / I PAR2, 10 PEFL M UM, J TAR( 32) , NK AN D, I START, N CATCR 
COMMON/KON/ KONST 

C-INITIAL CORRELATION DISTANCE. 
COMMON/DAT 12/RM 12( 2 56), AM 12(256),TM12(256),TAG 12(256) 
COMMON/DAT39/ R139( 2 56), A4 39( 256), TM39( 2 56), TAG39( 256), EM39(256) 

C-MEASURED RANGE, A¿IMUTM, TIME, TAG TO NOTE CORRELATION STATUS. 
COMMON/IN1 2/M RK I 2(64),M P12(64),NBl2(64), PI 239 ( 64)* PI 210( 64),1 12T 
COMMON/IN 39/M RK 39 ( 64), N P39( 64), N 839(64), P39 12(64>, P39 10(64), I39T 

C.TIME OF SECTOR CROSSING, LOCATI ON OF LAST TARGET IN SECTOR IN 
c-data file, number of targets in sector, poSITION OF 39 AT 
C.SECTOR CROSSING BY 12, POSITION OF 10 AT SECTOR CROSSING BY 12. 
C-SIMILAR PARAMETERS FOR 39. 

COMMON/VEL/ V12, V39 
C-ROTATIONAL RATE OF RADARS—130 DEG./SEC. * 2**15- 

COMMON/ SECT/ I 1 2D, I 39 D 
C.NEXT SECTOR TO BE UPDATED MOD 64. 

COMMON/CLT/RPC( 2 56), APC(256),TCI 2( 256), TC39( 256) 
C-CLUTTER TRACK PARAI ETERS. 

COMMON/CPARl/ TCMAK, TCLAG, CRC, CAC 
C-MAXIMUM TIME AN UNUPDATED CLUTTER WILL BE CARRI ED, FI XED LAG FOR 
C-A PARTIALLY UNUPDATED CLUTTER, CLUTTER CORRELATION REGIONS. 

COMMON/CFIL EXCBX(64), IDC(256) 
C-CLUTTER MAP POINTERS. 

COMMON/CNO/ LI STC( 256),NEXTC, LASTC, FULLC, I 1 2DEL 
C-CLUTTER TRACKS AVAILABLE. 

COMMON/TFIL E/TBX(64), I DT( 256) 
C-TARGET TRACK POINTERS. 

COMMON/TNO/LI STT( 256), N EXTT, LASTT, FÜLLT 
C-TARGET TRACKS AVAILABLE. 

COMMON/TPAR1/RPT(256), APT( 256),ES(256), VRS( 256), 0UT( 256), 
1 ISTA(12) 

C-PREDICTED AMD SMOOTHED TARGET PARAMETERS. 
COMMON/TPAR2/RS(256), AS( 256), VAS(256) 

C-SMOOTHED EL EVATION( FOR 39). 
COMMON/TPAR3/TT 12(256), TT39(256),TTL12(256), TTL39(256), TT(256) 

C.LAST TIME TARGET UPDATED BY 12,LAST TIME TARGET UPDATED BY 39, 
C-NEXT OPPORTUNITY TO UPDATE BY 12, BY 39, LAST TIME TARGET 
C.UPDATED BY ANY RADAR. 

COMMON/TPAR4/KT( 256), TF( 256), NTARGET, N ELEV, I SKI P 
C.FLAG FOR INITIAL OR FIRM TARGETS, PACKED OUTPUT, FIRST TIME TARGET 
C-DETECTED. 

COMMON/TPAR5/CRT( 8, 2), CAT(8, 2, 16), TTMAX, TTL AG 
C-TARGET CORRELATION REGIONS-AS A FUNCTION OF TIME, INITIAL OR 
C.FIRM, AND RANGE, MAXIMUM TIME AN UNUPDATED TARGET WILL BE 
C-CARRIED, FIXED LAG FOR PARTIALLY UNUPDATED TARGET. 

COMMON/TPAR6/VRMIN, VANIN, TNMAX, TFIX 
C.MINIMUM AND MAXIMUM VELOCITIES TO DIFFERENTIATE TARGETS AND 
C.CLUTTER, TIME UN UPDATED INITIAL TRACK WILL BE CARRIED, TIME 
C-WHICH MUST ELAPSE BEFOR DECISION IS MADE ON INITIAL TARGET. 

COMMON/TPAR7/RALPA( 128),AALPA( 123),RBETA( 128),ABETA( 128) 
C-FILTER PARAMETERS-2. * 2**15. 

COMMON/TPAR8/NR( 256),NMOD 
C-OLD RANGE FOR DROPPING TRACK INTO CLUTTER FILE. 

INTEGER CBX 
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C 
C- 
c 

c 
c- 
c 

INTEGER RI 1 2/AM 1 2, T:4 1 2, TAG 1 2 
INTEGER Rrt39/ A139/ Trt39/ TAG39/ EM39 
INTEGER V12, V39 
INTEGER P1239, P1210 
INTEGER P39 1 2.» P39 10 
INTEGER RPC/APC/TC12/TC39 
INTEGER TCrtAX/TCLAG/CRC/CAC 
INTEGER OUT/CRT/CAT/TTrtAX/TTLAG 
INTEGER FULLC/DROPC 
INTEGER FÜLLT/DROPT 
INTEGER RALPA/AALPA/RBETA/ABETA 
INTEGER TF 
INTEGER TBX 
INTEGER DELT/ T/ VRrtIN/ VArtIN/ TNrtAX/ TFIX 
INTEGER TT12/TT39/TTL12/TTL39/TT 
INTEGER RPT/APT/RS/AS/VRS/VAS/ES 

■DECLARE FILTER PARAMETERS. 

DATA 
1 0/ 

1 12/ 
1 20/ 

1 25/ 
1 28/ 
1 30/ 
1 31/ 
1 31/ 

DATA 
1 0/ 

1 12/ 
1 20/ 

1 25/ 
1 28/ 
1 30/ 
1 31/ 
1 31/ 

CALL 
VRrtIN 
VRrtIN 
VAMIN 
TNMAX 
TFIX 
V1 2 = 
V39 » 
TTrtAX 
TTLAG 

RALPA/ 
1/ 

13/ 
20/ 

25/ 
23/ 
30/ 
31/ 
31/ 

1/ 

14/ 
21/ 

25/ 
28/ 
30/ 
31/ 
31/ 

AALPA/ 
1/ 

13/ 
20/ 

2 5/ 
23/ 
30/ 
31/ 
31/ 

1/ 

14/ 
21/ 

25/ 
23/ 
30/ 
31/ 
31/ 

2/ 
14/ 
21/ 

25/ 
28/ 
30/ 
31/ 
31/ 

2/ 

14/ 
21/ 

25/ 
23/ 
30/ 
31/ 
31/ 

3# 
15/ 
21/ 

25/ 
28/ 
30/ 
31/ 
31/ 

4/ 
! 5/ 
22/ 

26/ 
29/ 
30/ 
31/ 
31/ 

3/ 4/ 
15/ 15/ 

21/ 

25/ 
28/ 

22/ 
26/ 
29/ 

30/ 30/ 
31/ 31/ 
31/ 31/ 

5/ 
16/ 
22/ 

r 
c. ts 

29/ 
31/ 
31/ 
31/ 

5/ 
16/ 
22/ 
26/ 
29/ 
31/ 
31/ 
31/ 

6/ 
16 
22/ 
26/ 
29/ 
31/ 
31/ 
31/ 

6/ 

16/ 
22/ 

26/ 
29/ 
31/ 
31/ 
31/ 

'/ 

.’7/ 
23/ 
26j 

29/ 
31/ 
31/ 
31/ 

7/ 
17/ 
23/ 
26/ 
29/ 
31/ 
31/ 
31/ 

8/ 

17/ 
23/ 
2 6/ 
29/ 
31/ 
31/ 
31/ 

3/ 
17/ 
23/ 
26/ 
29/ 
31» 
31/ 
31/ 

DUMMY 
= 1200 

= 800 
= 820 

2125 
= 2000 

109 23 
3 192 
= 5000 
= 7000 

5/ 
18/ 
23/ 
27/ 
29/ 
31/ 
31/ 
31/ 

8/ 
13/ 
23/ 
27/ 
29/ 
31/ 
31/ 
31/ 

9/ 
18/ 
23/ 
27/ 
30/ 
31/ 
31/ 
31/ 

9/ 
18/ 
23/ 
27/ 
30/ 
31/ 
31/ 
31/ 

10/ 
19/ 
24/ 
27/ 
30/ 
31/ 
31/ 
31/ 

10/ 
18/ 
24/ 
27/ 
30/ 
31/ 
31/ 
31/ 

•SET CORRELATION REGIONS. 

CALL, DUrtMX 

• INI TI AL 12 ATI ON OF AVAILABLE TARGET AND CLUTTER TRACK 

NCATCH = 0 

10/ 11/ 12/ 

19/ 19/ 20/ 
24/ 24/ 24/ 
27/ 27/ 27/ 
30/ 30/ 30/ 
31/ 31/ 31/ 
>1/ 31/ 31/ 

l 31/ 31/ 

10/ 11/ 12/ 

19/ 19/ 20/ 
24/ 24/ 24/ 
27/ 27/ 27/ 
30/ 30/ 30/ 
31/ 31/ 31/ 
31/ 31/ 31/ 
31/ 31/ 31/ 

NUMBERS. 
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I SK I P 3 0 
I START = 1 
NCOl/NT = 0 
NDESTARC 1) =-1 
NDESTARC2) = -1 
NDESTARC 3) = - I 
NDESTARC A) = -1 
N TARGET = 0 
N EL EV= 0 
10 PER=-1 
N EXTC= 1 
NEXTT = 1 
LASTCa 2 5Ó 
LASTT = 256 
FULL C= 255 
FÜLLT = 255 
DO 5 1=1.» 256 
I T= I + 1 
LISTTCI) = IT 
0UT(I )=- 1 
KTCI) = (,3 

5 LISTCCI ) = 1T 
LISTCC 256) = 0 
LISTTC 256) = 0 
DO 10 1 = 1, 64 
CBXCI) = 0 
TBXCI) = 0 

10 CONTINUE 
KON ST=16000 
TCMAX= 5000 
TCLAG3? 000 
CRC3 64 
CAC3 128 
NMOD=0 
CALL EXCUT 
END 
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SUBROUTIME DUMMY 
COMMOM/TPAR7/RAL PA( 123)^ AAL PA< 123)^ RBETAC 123),ABETAC 123) 

IM TEG ER RAL PA» AAL PA/RB ET A, ABETA 
DATA RBETA/ 

1 0/ 0/ 0/ 

I 9/10/11/ 
1 27/ 23/ 30/ 
1 43/ 44/ 44/ 
1 51/ 51/ 52/ 
1 46/ 4 5/ 44/ 
1 32/ 31/ 30/ 
1 29/ 30/ 30/ 

DATA abeta/ 
1 0/ 0/ 0/ 

1 6/ 7/ 8/ 
1 20/ 21/ 22/ 

1 33/ 34/ 35/ 
1 43/ 43/ 44/ 
1 46/ 46/ 4 5/ 
1 33/ 37/ 36/ 
1 29/ 29/ 29/ 

RETURN 
END 

0/ 0/ 1/ 1/ 

12/ 13/ 15/ 16/ 

31/ 32/ 33/ 34/ 
4 5/ 46/ 46/ 47/ 
52/ 52/ 52/ 51/ 
43/ 42/ 41/ 40/ 
29/ 29/ 23/ 28/ 
31/ 31/ 31/ 32/ 

0/ 0/ 0/ 1/ 

9/ 10/ 10/ 11/ 
23/ 24/ 25/ 26, 
35/ 3o, 37, 37/ 
45/ 45/ 46/ 46, 
45/ 44/ 44/ 44/ 
3 5/ 34/ 33/ 33/ 
29/ 29/ 30/ 30/ 

2/ 2/ 3/ 4/ 
17/ 13/ 19/ 23/ 
35/ 36/ 37/ 38/ 
47/ 43/ 43/ 49/ 
51/ 51/ 50/ 50/ 
40/ 39/ 33/ 37/ 
23/ 27, 27/ 23/ 
32/ 32/ 32/ 32/ 

1/ 1/ 2/ 3/ 
12/ 13/ 14/ 15/ 

26. 27/ 23/ 29/ 
33/ 39/ 39/ 43/ 
46/ 46/ 46/ 47/ 
43/ 43/ 42/ 42/ 
32/ 31/ 31/ 33/ 
30/ 33/ 33/ 33/ 

4/ 5/ 6/ 
21/ 23/ 24/ 
39/ 40/ 40/ 
49/ 50/ 53/ 
49/ 49/ 43/ 
36/ 35/ 35/ 
23/ 28/ 23/ 
32/ 32/ 33/ 

3/ 4, 4/ 
16/ 17, 13/ 
30/ 30/ 31/ 
40, 41, 41/ 
47/ 47/ 46/ 
41/ 41/ 43/ 
33/ 30/ 33/ 
30/ 31/ 31/ 

7/ 
25/ 
41, 
50, 
47/ 
34/ 
29/ 
33/ 

5, 
13/ 
32/ 
42/ 
46, 
43, 
29/ 
31/ 

3/ 
26/ 
42/ 
51/ 
46/ 
33/ 
29/ 
33/ 

6/ 
19/ 
33/ 
42/ 
46/ 
39/ 
29/ 
31/ 

*Y5XTS$ 
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S'JJiiOUTI.M E JU'MT 
CO.LUT/ T?A 15/ C'ITC 'S, 2), CATC i, 2. 1 ó)^ THAT, TTLAG 

I .'J T Eu ET 0 JT, CRT, CAT, THAT, TTLAG 
DATA CRT / 

1 1)2, 23 5, 32 5, 332, 342, 3 5Ó, 37 3, 33 4, 
2 323, 7*512/ 

DATA CAT / 
1 16*512 , 
2 403, 1 5* 51 2 , 
3 31 1, 39u, 421, 446, 47 5, 535, 2* 512 , 423, 7* 512 , 
4 263, 325, 353, 37 5, 434, 434, 474, 512, 347, 7*470 , 
5 214, 27 3, 29 5, 323, 349, 37), 4 19, 4b3, 333, 7*43) , 
6 19 5, 245, 27 3, 29 5, 324, 354, 39 4, 433, 274, 7*302 , 
7 13 5, 233, 255, 230, 339, 339, 379, 423, 253, 7*329 , 
3 130, 223, 243, 273, 332, 332, 372, 41 6, 233, 7*334 , 
9 17 5, 21 3, 243, 263, .297, 327, 367, 41 1, 226, 7*234 , 
1 17 3, 214, 239, 264, 29 3, 323, 363, 437, 2 16, 7*2 39 , 
1 173, 214, 239, 264, 29 3, 323, 3o3, 437, 21 j, 7*269 , 
2 17 3, 214, 239, 264, 29 3, 323, 363, 4 37, 216, 7*269 , 
3 173, 214, 239, 264, 29 3, 373, 363, 437, 2 16, 7*259 , 
4 173, 214, 239, 264, 29 3, 323, 353, 437, 2 16, 7*269 , 
5 173, 214, 239, 264, 293, 323, 363, 437, 216, 7*269 , 
6 173, 214, 239, 264, 293, 323, 363, 437, 2 16, 7*269/ 

RETURN 
J 
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SUBROUTIME GTDA 
CO.T'IO.nJ / SECT/I 1 2D, I 39 D 
COM.TO;nJ/BUF/IBUF( 33), UK 1000),MST 
I 5 = 1000-:4 51 
I F(MST. EQ. 1 303) GO TO 20 
DO 10 1 =1,15 
III (I) = IIICUSTM) 

10 C0.4TIUUE 
20 JS =15+1 

READ BI MARY ( 1 3) ( I 11 < J) , J=J S, 1 000) 
IFiMST.iJE. 1300) GO TO 30 

ASSURES 12 SECTOR FOLLOWED BY 39 SECTOR. 

I 1 2D = 111(2) 
I F( I i 2D. EQ. t>4) I 1 2D = 0 
.J = 3* 111 ( 5) 
I 39 D = III (.4+7) 
I F( I 39D. EQ. 641) I 39 D = 0 

33 :4 ST = 3 
RETURN 
B4D 
SUBROUTINE SHIFTC4) 
GORRON/BUF/1 BUF( 30), I IK 1000),.4 ST 
DO 10 I = 1, N 

13 IBUF(I) = IIKNST+I) 
N ST = N ST +N 
RETURN 
END 
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