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Automatic Tracking Function 

1. () . Introduction 

The Automatic Tracking functions receives the majority of its in-,' 

puts from the outputs af the Radar Input Function, which immediate-

1y precedes the AT function in the DCA System. 

Three phases compose the AT Function: 

A. Initiation Phase 

B. Automatic Tracking Phase 

C . Bookkeeping Phase 

Tracks are selected from two (2) initial pickups meeting the cri

teria of distance involved (Automatic Detection), then this new ten

tative track, through correlation of radar data, becomes established 

(Initiation Phase). The track is th~n automatically maintained as 

established, or due to difficulty manually monitored (Automatic 

Tracking Phase). Throughout the period that the track remains 

within the system. records are ~aintained (Bookkeeping Phase)" 

1.1 Initiation Phase 

Tracks are detected automatically by the computer program and 

manually by five (5) Track Initiators. The Track Initiators are 

under the supervision of the Initiation Supervisor. who also 

has charge of the Area Discriminator. The Area Discrimina

tor is a device used to specify areas in which initiation will 

be performed by the computer, the other areas :'c:')r;igned' ~o the 
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Track Initiators. The culmination of the initiation phase oc-

curs when the track is either established or emptied. 

1.2 Automatic Tracking Phas'::.. 

This phase is mainly performed by the computer program 

with operating personnel affecting,the process through the 

performance of other related functions such as track mc':>ni
-I 

taring. The first concern of the tracking function is the 

automatic processing of search and mark X radar data to 

determine positions and velocities for tracks within the sub-

sector surveillance area. It also may process certain cross-

told and manual-input tracks. It does not process any raids or 

groups made up from tracks for summary purposes I or any 

tracks cr@sstold to the subs ector for warning purposes. 

A tracking status is associated with each track to inform the 

automatic tracking and Bookkeeping functions of the type of 

processing required for a particular track 

1.3 Bookkeeping Phase 

The bookkeeping phase operates on all tracks in the system 

mainly sensing for changes in status 0r identity to perform 

the correct bookkeepiJilg fUllction. This phas e can assign 

track numbers. automatically identify tracks as pending or 

friendly. drop tentative tracks. place certain tracks in drop 

cycle to make room for delayed i:aterceptors. clear tables on 
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old drop cycle tracks J" perform summary ceunts.J t\lrn on alarm 

indicators. make up tabular messages. and maintain five 

minutes of h.istory on all active tracks. 

Tracks are selected from many initial pickups becQming 

assQciated with each other (Initiation Phase) then the automa-

tic tracking phase tries to correlate radar data with the track, 

(Correlatien) amd then compute estimates of velQcity and posi-

tion for these tracks (smooth & predict prQcess). Om certain 

type tr~cks such as manual-input, lost, dead reckon, extra-

polated, the AT function estimates new positiQns om the basis 

C)f the last known velocity or assigned vel0cit, (dead reckon). 

The AT functian alsQ removes certain tracks from" the system 

automatically. Certain radar data situatiolls arise that make 

it impQssible te continue tracking a particular aircraft auto-

:,~ matically. Thus we request assistance frem track monitors. 

During the smooth and predict process the smoothest curve 

through all past and present data is derived. Two types Qf 

tracking evolve from this smoothing. The first is straight 
, 

line tracking which iRdicates that during the frame we re-

ceive information within the small search area of the pre-

dieted position imdicating a relatively constant straight move-

ment. The second type will refer tQ the DC)n straight meve-

ment or the change in directieD type. This refers to the . 
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failure of data appearing within the small search area thus in

dicating a change iD direction. if found within the large search 

area. 

The smooth and· predict process is done on a subframe basis 

for in.dications of straight liDe tracking. This sampling takes 

advantage of the triple coverage of multiple' radars. The 

change of direction trackiDg occurs on a frame basis in order 

to allow sufficient time for data accumulation and th e deci

sion is delayed long enough to give an accurate appraisal of 

the situation. 

Description of Programs wi thiD AT Function 

2.1 Programs in the AT Function 

Program Name DCA Index Mod 

STK Track Situation Dis play 5.3.2 27 

KST Switch Interpretation TO-TT 5.5.2.3 22 

KSI Switch Interpretation Ini- 5.5.2.4 38 

tiation 

eTS Central Greup Track Sort 5.1. 3 35 

TCO Cerrelation 5.0.3 23 

TSA Sm00th &' Predict 5.6.4 10 

TSD Smooth & Trouble Detec- 5.6.5.4 9 

tion Dead Reckon 

TSE Smooth & Trouble Detec- 5.6.5.1 21 



Program 

TST 

CTA 

CTE 

CTH 

TNC 

Name 

tion Established Tracks 

Smooth & Trouble Detec-

tion Tentative Tracks 

Central Trac.k A 

Central Track B 

Track History Makeup 

Track Number Conversion 

System Subroutine 

6M ... l~8511;i' 5. 

DCA Index Mod 

5.6.5.3 

5.1.2,1 

5.1.2.2 

5.1.2.5 

5.1.2.4 

6 

33 

17 

13 

11 

2.1.1 (a). KSI 5.5.2.4 Mod. 38 (Switch Interpretation Pra-

gram) for IS & TI By Light Gun or Activate actiol'l in 

conjuRction with switch inserted imformatiaD KSI fur

nishes a basis for operation of other programs both 

within. and without the tracking package. A request 

for display can be transmitted to a display program. 

A track can be initiated with an inactive status which 

limits further action umtil CT A can operate. Finally 

a tentative track can be made establisbed. 'These 

actions produce a situation. in which TCO allld TSA or 

TSE cam. fUlIlction. 

(b) KST 5.5.2.3 Mod 22 (Switch Interpretation. Pro

gram) for TO & TT By Light GURor Activate action in 

conjunction with switch inserted information KST fur-
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aishes a basis for operation af other programs both 

withia and without the tracking package. A request for 

display can be transmitted to a display program. A 

track can be placed in a drop cycle for action by CT A. 

Finally a track can be initiated and given a status of 

established for farther action by TCO and TSA or TSE. 

2 1.2 Program Description of CTS 

2 .1.2.1 From the Track PQSitiORS. Track Statuses. 

and Dead Reckon Indicators, CTS will caD

struct the Track Sort Table (SRT~). This~· 

table will contaim the relative position of the 

track with reference to the !'Sort Box System" • 

the status ef the track. and an ilildicator bit 

which tells TCO wlilether ar not te attempt 

correlation I0n the track. By groapil'lg the 

tracks iato sort boxes. CTS saves TCO the 

trouble of searching thra the whole of Track 

Data Ceatral to fiaei the tracks that cCI)uld 

possibly correlate with a given radar return. 

2.1. 2.2 CTS will set an iadicator as an aid in the c(I)r

relation process when there are two tracks. 

with statuses of establismed. temtative or 

correlatmg crosstell. whQse large search 



areas overlap. 

2.1. 2.3 CTS will also drep temtative tracks whem they 

are within. 2 miles of a track whGse status is 

established or cerrelatin.g cr0sstell. 

2 .1. 2 • 4 CTS will COBstruct the sort table for these 

tracks whose statuses are active anly. The 

correlatioB indicator will be set for those 

tracks whose statuses are established. ten

tative or correlating crosstell OBly. 

2.1.3 TeO - CerrelatioB 5.6 .3 

Each subframe, TCO cerrelates all returns (tape, 

drum & MSG) with tracks. All return.s for the sub .. 

frame are transferred to the R 0 Do displar drum as 

either carrelated Qr URcorrelated, a.d MKX or IlOR

MKX . On the ltD drum, a return is Dot identifiable 

im. terms of subframe received; GFI or SER site; site 

idelltity; dr'UIm, tape. or MSG source. 

2.1.4 TSA Mod. 10 

" Smo0th. pe~itioR and velocity. predicts positiGn for· 

all tentative aDd established tracks which have cor

related data 1m. tbe small searcn area. 

Predicts position for all telltatlve» established. c(I)r

related crosstell. dead reckoned, lost and airDCI)rne 
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which have a track status change with no delay. 

Detects split tracks which have correlated data in 

small search area and have a track status of tentative 

or established and predicts a new position for the split 

track. 

TSPI is set by TSA indicating a split track. This item 

is then used by CTS. 

TSRG is set by TSA whell a split occurs indicating ra

pid change of track symbology which effects STK. 

2.1.5 (a) Mod 09 TSD Predicts Position and Velocity for 

Airborne, lost, non corr. x-tell, extrapolated and 

manual input tracks: The system will not attempt 

correlation with these tracks and they will be predicted 

ahead on the basis of their past position and velocity 

except for interceptors which are predicted 011 their 

command heading and speed. 

(b) TSE - Track Smooth and Trouble Detection - Est-

ablished Tracks. D , C . A, 5. 65.1 Mod 21 

The purpose of this program is to smooth position and 

velocity of established tracks that had good distribu

tion of correlated data within the large search area. 

Also. to determine the trackillg merit of the track. 

change ,to lost the 'status of tracks with a history of 



poor tracking merit, determine the existence of track 

trouble and the type of trouble and determine the need 

for momitaring action .In addition. a CQ1Ult of Mark X 

radar data correlation with the track is maintained J a 

Mark X status determined frem the above count J and 

the existence of any Mark X emergellcy replies t(l) be 

communicated t(l) the Tracking Officer. A history 

for each track is kept for any. poor distribution in the 

past frame J the areas in which radar data was carre-, " '. 

lated in the past frame. the existence of tracking 

trouble in the past two frames, a count of consecutive 

frames of poor tracking merit. and a count of simu-

lated data correlated with real tracks per pair of 

frames. 

(c) TST Mod 06 Sm(l)oths & Predicts position and 

velocity of tentative tracks with data correlating in the 

large search area and will automatically establish or 

empty these tracks. 

When TST e~pties out a track it clears all central 

track beokkeeping tables. Summary facts affect the 

bookkeeping prQgrams eTA. CTB. CTH and STK (a 

situation display program). 

If TST sets the track t(l) inactive establish, CT A will 
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activate the track, STK will caange symbology, an.d 

CTH will correct the history. 

2.1.6 (a) CTA 5.1.2.1 Mod. 33 Central Track A -

A Class'" 

CT A maintail1s and upgrades track status al1d track 

identity change indicators and mail1tainers. Once 

a track status or identity has b~en changed. this 

program will ceunt th.e no. of subframes since thesti! . 

items were changed fer three subframes and th.en will 

reset these cC!)unters t(1) zer(1). 

If a track h.as been in drep cycle fer three subframes, 

tmen CTA actllally drops the traek frem the system by 

deassigning the track 110. and availability mit, clear- .. 

ing the Track No. Storage table and clearing Track 

Data Central. 

If CT A finds an empty channel or actually empties a 

channel itself by dropping a track, it will activate 

any delayed interceptors by taking the data con-

cerning the delayed interceptors from the COl table 

and setting it into the empty channel. It alsC!) will 

assign a track No. ~ a status af either scrambled or 

airmarne, and identity of interceptor and various other 

items. If the number of delayed interceptors is 
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greater tham the sum of the empty cliaoels and the 

:no. of tracks in dr0p cycle, the program will place 

enough friendly D pending or faker tracks im drop 

cycle amd/ Qr actually drep enough tentative tracks to 

take care of Ule remaining delayed interceptors. 

CT A changes the status of new tracks in the system 

from in-active to active S0 they can be worked on by 

the tracking programs. If the track has not 

already been assigRed a track ,no. , eTA assigns 0n.e 

and also an availability bit in. either the NA V or FA V 

tables for Bewly establis'hed tracks, It will attempt 

te automatically identify it as friendly. If unsuccessful, . 

it will give the track an identity of pel1dlng. 

Redesignated and specially deSignated interceptors 

are prC!)cessed by this .program by assigning and de- .. 

assigning track JJlOS, as needed. 

eTA keeps a COUJht f)f the DO, of unassigned and de

ferred HUK tracks and also the DQ. of extrapolated 

HUKS. If either of these counts are greater than a 

set limit, an alarm is set. Am alarm is also set if 

a track was put in drop cycle to make room for a de ~ 

layed iBterceptor . 

Other counts kept for the digital display programs are 
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the no. of interceptors. no. of HUSI I no. of tracks 

in drop cycle. no. of tracks in the system and the 

no. of empty channels. 

New Warning Cross Tell Track nos. and New Raid/: 

Group Track nos. are set into Track No. Storage Table. 

Any new track nos. assigned by the program are set 

into TNS along with their channel no. If a track no. 

is deassigned. the appropriate register in TNS is 

cleared. This table is also sorted by track no. The 

nos. are placed in descending order in the table. 

(b) TNC (Track No. Conversion) DCA No. 5.1.2.4 

Mod 11 

Track number conversion (TNC) searches track number 

storage (TNS) for the channel number of a given track 

number. and exits with. these in the accumulators 

for use by the requesting program. The track number 

storage location will be located in the right B register 

for use by CT A when it clears out a certain TNS regis-

ter from drop track processing. 

The following programs use TNC a.s a sub-routine. 

CT A TCO KSI KST 

KSI KST and TeA enter fer the channel nu.mber. 

2.1. 7 (a) CTB Central Track B: DCA No. 5.1.2.2 
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CTB scans Track Data Central and performs inventory 

sum counts once per frame on the various classes of 

tracks being carried in the system, The tracks are 

subdivided by track status, track identity. and sev

eral 0ther breakdown criteria for counting purposes. 

In addition, CTB calculates E)-frame sum count aver

ages once per frame and maintains a history of them 

for the last six frames on the following: 

a. Average No. of tentati ves 

b. Avera.ge No, of tentatives dropped 

c. Average No. of tentatives established 

d. Average No. of unused initial pickups 

e. Average No. of rejected initial pickups 

CTB steps the track age and track altitude age CGunters 

once per frame up to their maximum values. It also 

senses for an initial-pickup overload alarm and 

communicates to digital display via a communication 

register wli1enever initial pickups exceed tli1e maximum 

limit per frame for any 3 cOllsecutive frame period. 

(b) CTB (Track lilst. Makeup) DCA No. 5.1.2.5 

Mod. 13 

Track History Makeup. (CTH) makes up a track 

history showing changes ill position_ altitude, Mark X 
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status I track merit symbology and track status. 

Most of the history is made from data computed by tlile 

programs in the tracking package. 

The following programs in the package set the items 

which are used for display. 

Altitude (TALT) 

Position (TPOS) 

Tk. Status (TSTS) 

Mko X Status (TMXS) 

Tr. Merit (TRMT) 

KSI, KST, TSA, CTA, TSE, 

TSD, TST 

KSI, KST, TSA, CTA. TSE 

TST, TSE 

KSI. KST, CTA. TS'E. TST 

If there is no past history 0n a track the origi,nal values 

are used as data for the history table. If there is a 

past history the changes are computed from previous 

data and used as new data for the tracks history. 

Track History indica.tor is set by CT A when it activates 

a delayed intereept(j)r and CTH will set the· new data 

in for the interceptors history and set the TRH 

indicator to show that there is now a hist0ry. CTH 

starts the history in the second subframe and runs 

once a minute. (Class C Program) 

No history is made for inactive or drop cycle tracks. 

The history is stored in the TRH table for use by SSH 
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2.1.8 STK - Track Situation Display 5.3.2 Mod 27 

The STK program monitors the tabular message 

drum layout and affects the following changes. Once 

each subframe, if necessary I the program relocates 

tracks moved by switch action, up-dates track 

symbology I changes the category routing ()f tracks to 

consales I and changes display assignment bits. It 

alsa turns off certain change bits I depasits the Dis

play Assignment Bit message into the track message 

of each track, and turns off tb.e display of inactive 

tracks or tracks out of the times one display. 

Once eacb. frame the program updates the symbology 

for track age. suspicious friendlies I interceptor 

distance to target and- target bearing. and track 

velocity and position on the display. 

3.0 The AT fu.nction is necessarily dependent upon the Radar Input 

Functions and its gellerated ou.tputs. External outputs are defined 

as those outputs. such as displays. which occur due to the funCtion 

and are transmitted outside the computer. Intern.al outputs are 

generated by the function and continued within the computer and 

its environment. 

3.1 External Outputs 



Each subframe all MSG - Tape and Drum returRS I waich kave 

net beeR reject~d by TRI, are stered fer display en th.e RI 

Display Drum, Each frame the RD scaR counter is stepped, 

aDd eRe frame of data is displayed brightly as last frame. 

3 . 2 Internal Outputs 

a. Drum. tape aDd MSG Data are cODverted to ORe X. Y 

frame and tran.smitted ta the AT functions each subframe for 

correlatieR with tracks. 

b. Simulated keybeards and light guns (read from magnetic 

tapes) are stored in place (!)f live keyboards aDd light gUDS 

each sl1bframe. 

4. (:) ExterDal and IRternal IDpu.ts imte the AT fumetien 

Most of tbe exterRal imputs are received fr0m th.e autputs of TRI, 

which. are placed iRtQ the AT A0» 1 table by PEe. 

4 . 1 External Inputs 

There are three types Qf radar irAferma tiOR TeO handles '. 

A. Real-time simu.lated data from the MSG program whicm 

places this information illl the ATS0 table. 

1. ATS0 (Automatic Tracking SiUllilated Peripmeral 

Table) provi~es the liRk betweelil MSa aRd Teo. 
'. 

a. Length: TCAP. plus 3 regs. 

b. Capacity: 3 control werds plus a Dumber 

of oDe-word radar returllS equalling track 
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capacity. 

c. A master control word appears ill the first 

register deaoting starting address and RO. 

of words to pe read. 

d. Two set caRtral words ,ORe each for SER 

amd MKX returns will immediately precede 

tbe block of returns tRey govern. Format: 

radar type indicator; Sim indicator; Site ID; 

and no. returms ia block. 

e. Each one-ward will coataia the X and Y 

coordinates af the radar return, quantized 

to l/4 mile. 

B. Tape simulated data which is read off tapes by CMT and 

processed by TR.I and in RIP2. PEe takes this illformatioa 

frem the RlP2 table and places it in the ATA table. 

C. Live Radar data read frem tbe radar drums and processed 

by TRl and placed in the RlP2 table. PEe takes this informa

tion from RlP2 table and places it in. toe ATA table. 

1. ATA0 (Carrelatien Radar Returns) 

Serving as tbe !iRk between TRI & TCO. 

Format: Identical for all 2-word returns from each 

site are grouped under a set control word. 

a. Set eomtr0l word will contaim: radar type, 
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sim. indicator ~ site ID, and numaer of 2-

word returms. 

b. Returm will imcluae: Sin 0 ,,,slaillt rang~ R; 

Cos 0, extrapolatioR time, 'x aha Y ceordL~' 

mates. 

c. The fimal word in ATA will cODtaiD full 

zeros demoting the cut-off point for Teo: . 
This word li>eing the word followi~g ~I;le~ast . 

radar returm to be correlated. 

ATS0 TABLE 

LS 1 2 3 
SET 

8 
CONTROL WORE) 

21 

j (1) 1(2) (3) I SPARE II SPARE. I.. (4) 

1) Type of R~dar - MKX equals z erc, LRI equals 3 

2) Simulatiom Indicator - 1 equals sim 

3) Site Nl:lmber 

4) Nummer of retu.rms 

0NE WORD RETURNS 

LS B.S· 

I X scaled 1/4 mile II Y scaled 1/4 mile 

',':-, ", 

31 
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ATATABLE 

Set Control Word 

LS Ll L2 L3 

1(1) 1(2) I (3) (4) 

1) Radar Type - LRI, MKX or GFI 

2) Simulation Indicator 

3) Site Idemtification - LR! & MKX - 0 - 9 

OFI 

4) Number af 2 word radar returns 

2 Word Radar Return 
#1 

o - 14 

R15 

LS Ll L5 L6 L15 RS Rl R5 R6 R9 R16 Rll R15 

T Sine Slant Range Cos Spare Extra-
- e "l- e >to pola-- - tion 

time 

#2 

X scales 1/32 mile 

II 
Y scaled 1/32 mile 

In. the "A" subframe TeO checks to see if there is any real-

time simul~ted data (MSG). If it finds real-time simulated 

data it attempts to correlate with existing tracks in the 

system. There is no data rejection by TCO, since beth 



correlated and uncorrelated returns continue on to the RD 

drum. Each return is conRected to the one word RD display 

message and placed in the RDP table. 

If no real-time simulated was found TCO branches to PEC 

to allow it to transfer in the first block of the AT A table which 

contains either type simulated or line radar data which was 

processed by TRI. TCO now attempts to correlate these 

radar return.s with existing tracks. This return is now 

converted te the one word RD display message and placed in 

the RDP table. TeO continues to process the returns 

found in the AT A table until all returns have been processed 

wIden is indicated by a full zero control. 

RDP table consists of twa blocks of 425 regs. each" RDP0 

and RDPl. This table stores display messages while. await-

ing traDsfer to the RD drum. The first reg. of each black 

will contain number of words to be read. 

1. Length: 425 regs. 

2. Capacity: 424 returns 

3. Message Format: One word c(!)ntaining X and Y in 

display coordinates J a MKX indicator. and a correla-

tion indica tor. 

RDP Word Lay(!)ut 

Rl5 
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Control word indicating Humber of words to be read from 

this block. 

Display Word Layout 

LS LlO L14 L15 RS RIO 

x y 

* Itl" MKX - "011 Non MKX . 

o "1" Correlated" - "'0" uncarrelated 

TCO also checks to see if there is any correlation histQry 

requests by lO(l)king at tile TRCl. If there is a request it 

places this inf0rmatioJll iJil tile COR~ table which is used by 

the CRA (Recerding) program. 

Table Tag: COR 

No. of Blocks: 1 

No. of Words per Block: 101 

This table communicates from TCO taCRA cerrelation his-

tories of a maximum of 20 tracks on which eRA is GoiDg 

a correlation study. The first registe~ contams the number 

of tracks represented in tbe table. Tile next five registers 

give the number af radar returns correlated with this track, 

tbe associated TCN. and the fallowing imormatian on the 

first five returns correlated with this track: X aDd Y devia .. 

tiQns, age of data. set type and site identificatioJll. This five-



register format is repeated Jllinetee:m (19) timej to provide. 

for a maximum of 20 tracks. 

C()R0 

SPARES I . No, ..r Full . 

" Slots in Table I 
26 27 

r X DEV 
1 I 

X 2 DEV Y1 DEV 

I 
Y2 BEV 

00 07 68 15 16 23 24 

I 
Xa BEV 

I 
X4 DEV 

I 
Y3 DEV 

I 
Y DEV 4. . 

00 07 08 15 16 23 24 

I 
I NG. of I 

TeN I [ Xs DEV Ys DEV . SPARE: Corr, Ret" 

00 07 08 15 16 18 19 22 23 31 

Age of Age of Age af Age of Age of Spare 
Data 1 Data 2 Data 3 Data 4 Data 5 

00 05 06 1112 17 18 23 24 29 30 31 

S 
Set Site Set Site Set Site Set Site Set Site p 

Type IE> Type ID Type lID Type IF> Type ID a 
1 1 2 2 3 3 4 4 5" 5 r 

e 
00 01 02 05(1)6 0708 1112 13 14 17 18 19 20 23 24 25262930 31 
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4.1.1 Actioas by the eight persons coacerned with the AT 

FunctioR)Initiation Supervisors ~ Track In,itiators (5), 

Tracking Officer, Tracking Techniciall. 

By Light Gun or Activate action aecompallied by 

switch insertions the, eight persons may do: 

L equals Ligh.t Gun A equals activate 

IS - Initiation SupervisQr 

LG or A 

LG 

LG 

LG or A 

A 

A 

LG 

LG 

A 

(4) TI - Track Initiators 

LGor A 

LG 

LG 

LG 

LG 

CoafiI'm a TNT track 

Initiate a M.I. track 

Initiate a Split track 

Atteation T0;, OT, or TI 

Assign an Air Base 

Air Base Assignment Sum

mary DD 

In.itiation Summary DD 

In.itiate with. a TRN 

In.itiate w / (:) a TRN 

Confrim a TNT Track 

Initiate a Track 

Initiate all Interceptor 

1m tiate an MI Track 

Initiate a split track 
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TO - TrackiDg Officer 

A Request Track Hist0ry 

Request Track Tote 

Attention TS 1 & 2, OT 1 & 

2, IS 

A 

LG or A. 

LGor A 

LG 

Drop a Track 

ReiDitiate a track 

TT - Tracking TechDician 

TO 

TO& TT 

A Request a Track Tote 

Operatiol'1s speeifit!d in the Coding Specifi

cations but not incorporated in Mod 22 of 

KST i.clude: 

LG or A Assign an OT or TS 

A Request an I:aitiation Sum-

LG Qr A 

A 

A 

mary 

Request a Track Summary 

Request a MonitoriRI Sum

mary 

Request a Moniter Assp. 

Summary 

A Request a Raid er Group 

Tote 



TT 

4. 2 Internal Inputs 

A Activate/Assign all TM's 

of 1 Team. 

A Activate/ Assign all TM's 

A 

A 

A 

A 

of both teams 

Activate / Assign one TS or 

TMS 

Activate/Assign one TM 

Deactivate a TS or TMS 

Deactivate a TM 

The Program TNC utilized as a subroutine sets up the rela

tionship between track number and track channel and vice

versa. 

5.0 PEe and PTM Effects 

PEe initiates all in-out transfers of the programs contained in the 

Auto-Tracking Package together with thei r related 6 necessary 

environment. (A program unit is defined as a program which to

gether with only a portion of its environment, can be centained in 

core storage at one time.) The beginning of a program unit defines 

a point at which a portien of the environment must be transferred 

into. core in order te allow the program to work on that partioD 

prior to bringing on the .n~xt portio~ of environment. The end .of 
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a program unit defines that poiIllt at whicn the pregram nas cem

pleted its utilization of that portion. af the envirORmentaIllG now may 

transfer that portion of environment ou.t (!)fcorestorage. Each 

program unit in tbe Auto-Tracking Package is specified by a set 

of parameters im. the PSP (Program Sequence Parameter) table. 

These parameters co:ntain information used by PEe to determi:ne 

if control should be branched te the program for that unit to 

operate, be delayed, or omitted. 

PEe also refers to inf~rmation cOillcerning the individual tram.sfers 

af em.vironment for the Program units. This information is 90n

tained in tne TSP (Tra:nsfer Sequence Parameter) Table. 

When the time occurs for a particular program to work on a por

tion of itseillviranment, the transfer of that portiC:1m of envirom.mem.t 

is made by reading from drums into core storage. During the 

program operatiom. PEe. may utilize the excess time to transfer 

more environment inta core .. After the operation of the program 

aDd its particular uRit, that envircmment will be written. from cere 

storage back onto the drum from which it originally cam.e. The 

program itself remains in core until sucn time as all the environ

ment for tbat program is utilized. Programs are not read out 

from core into drums due to the program remaining gn drums and 

haviIllg:no destructive read-out. The next program plus its e:nvir

OJllmeillt will then be read iIllto core OR top of the old program. 
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PTM is largely responsible for maintaining various clocks wh ich 

are used by the program in the .over-all Air Surveillance Package 

in determining when, in their sequence of operation they will per-

form functions that are executed only after a specific frame or 

subframe interval. 

Within the Aato-Tracking Package there are three.programs - KST, 

STK, TeO - which use item SFTC (Subframe. Counter.l which is 
. • . );h~ '" ~l:'i""' . .'l;;";:""''o:'~'''~; ._ "" ;_ ..•• " 

set by PTM. 

KST useS the item in computing the new position of a track after 

a re-initiation action has been taken by the Tracking Officer. 

STK apdates the pOSition, velocity, track age and identity status 

of a track once a frame. It therefore must test SFTC tel) see if it 

is time to perfel)rm these functi~ns. 

Teo daring the first subframe of every frame makes a test to 

check for data coming ii-om th:eMSG prQgram. If it deesn't fiad 
- - '--." 

.-.. : ," 

aRY, itbraRclie~fcoiitrorback to PEe to read in t~~ ATA table. 

During the ether two subframes TeO manipUlates various masks 

for extraction purposes. It therefere uses SFTC to find out in , 

which subframe it is operating. 

PTM also sets items in the FTC ta.ble which indirectly affect pro-

grams in the Auto-Tracking Package. These items arecGndition- , 

ality iadicators which dictate whether or Rot a program is to be 

operated. At present there is only one program in the Auto-
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Tracking Package which is con~itional; (i. ~, CTH) PT,M maintains 

a subframe counter for CTH; when it reaches the fourth subframe, 

or once a minute, PTM sets item CTHI in table PTC. PEC tests 

this item, and if it is on, it branches c'ontrol to CTH. In this same 

manner, operation of the program KST may in the future be made 

conditional on an indicator in PTC. 

5.1 Sequence of Program Operation 

1st Subframe 

PROGRAM UNIT 

KSI OKI~ 

KST GKTO 

TCO OTCO 

GTel 
ESS 

GTC2 

OTC3 

TSA (/JTAO 

CT,~ t/)CAO 

CTB* (/JCBO 

STK (/JSTC/J 

2nd Subframe 

KS! lKI~ 

KST lKT<6 

CTS* lCSO 



PROo:aAM 

Teo 

TSA 

eTA 

·STK 

CTH** 

3rp, Subframe 

KSI 

KST 

TCO 

"An Class 

*"B n Class 

**"C" Class 

TSA 

TSD* 

TSE* 

TST* 

CTA 

STK 

ance a subframe 

once a frame 

other than tt A t1, atB" 

UNIT 

lTC(b 

ITCl ESS 

lTC2 

ITAO 

lCAO 

lST(b 

lCHC/) 

2KIO 

2KT(b 

2TCO 

2Tel ~SS 

2TC2 

2TAC/J 

2TDO 

2TEO 

2TTO 

2CAO 

2STO 



5.2 PaCk4g~ Ep:v1:ro~nt 
i .. 

Class A A ' $;.,2, ,A A B .. 3 " B:"3 'B-3 A B-1 A C-2 LOC 
Pgo KST KSI CTS TOO TSA TSD TSE TST CTA CTB STl( CTH CM 
18000 PCS PCS rec pcc :rcc PCC ' ·PCS PCS pce SCC-51;'-13 !SCAoSCB PCC PCS 
8192 PCC SCA ,/\:81 "l~CS :PCS PCS PCC SCA !seA-pce sec-pce PCS, 

l250-
~C!,. - -- - _ .. PCS e.c~ .. ft;..S_ --- - -.- ---- ---- -- --

~ 1500 flnsfJ) Rr..,., m 

1750 ATA¢ 

2000 P 6 

N ~ '~ . " ..... 
2250 

" 

2500 P G- ATAI P G P e f> (j 
~ 

P & 
T 

i ' 
! 

2750 I 
" 

P. 
3000 CT (f) 

:DR (D 

~250 
tI.J~l 'UPI~' 

.~ 3500 
/f/PJ+I K'PI J. I CER~ 3750 c6.R* 10",._. L .- ~jz,ul..rjzl'" 

> 
OTAII ' ~Opo , FAV, FD7f'(J 

I 

4250 CSA~ CSA' , 
CTItZ 

1.../1 A tI 
KLG i , 

~500 I 
). 
.3 

4750 
TTP,!; 

So 

, , 
I 

F.[)C~ f[)C. dJ 
5000 I 

5250 PIX J.. 

5500 

5750 ' SRTtp SRT¢ 5RT¢ J:ilrJ 
, 

6000 
~ ~ ~ (J () IWX n. ~ 

: 
ATJ3 I A18 ~ 

I I ATB ! TRH I 16250 lLus¢ IfTB 2. ATB~ I'TNS ti ~ j ..3 _":1 TN5~ () J 
~500 IT Nt': IT"U, 'Mt: DIU3/ , 

2. 

16750 0 :RDP;> o~-"r (J 

ITDW' I ' 
PbWj . ., ' , TDIAI 2- A/ ."! 

!TOOO ~ ... ~ ~ .. 
.3 

" ~ 
)M Il ~ 

g'" .. , 
D 

!T250 
J DM . RDP I / ' I I I 

IrDn ~ TDM~ TOM2 T"oM 2- 'TPM .i' iDM~ 
TDM ~ TDM3 ~ ~ 

!T500 II- tJ ITDM If rrDM JJ Ij y. ::~; . : ..... 
0 () I) : 0 (7 , (J 0 tJ 0 ' r ". () 

I""DT~ 
!T750 

I I f ;TPT ~ itOT / ' I I I I -rDr , rrDT j ,TJ)T 1 7DT~ 2- TDT ~ TDT 2- TPr.i Tor 2-

~OOO 
' ..3 

! 3 ~ .3 .3 ..J Ll"'DT .:3 
TDT JJ ,. J./ 

~ t/- ~ ITDT LJ. IJ. 
'" , ; ; 

" 

. - • f, 

; ·,i·'" .. 
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I I I I I I I I I I 1 1 1 1 I I J I I I 

BLOCK. ¢. 
AB1 :AB2. -. AB3 AB4 -AB5 AB6 P;B7 AB8 AB9 AB10 

- . - . . . • • • 4 . . . . . • • . • • 
.0.0 .0 I 02.0:; .04 .os:; .0 6 .07.0 8 aq 1.0 I 1 I 2 I, I - 1 t:) I 6 17 I 8 19 2.0 2 t 22 2" 2 4 25 2 6 27 28 29;.03 1 -

I I I I I I 1 I II II I I I I I I I I 
- ,-

~ 

BLOCK _1_·_ 
AB11 AB12 AB13 AB14 AB15 -- -

• • . · · . . . . . .t. • . , . . 
- - .. 

.0.0 a I .02 03 .04 at:) .0 6 .07 .08 D1 1 a II 1 2 1;14 15 1 6 I 7' 8 I 92.0 2 I 2_2 2, 24 2 '5 2 6 27 28 29 -,.0 ;1 

I I I I I I I I I f T T T I r I- I I 1 I 

BLOCK __ _ -, . · . . . · . . • • I . I I • • 
.0.0 .01.02 .oj .0405.06.07.08 0, 1.0 II 12 I; 14 15 16 17 18 192.0 2122 2; 2421:) 2621 28 293.o ;! -

; 

0-

I I II I I I I I I I I I I I J I I I I 
- " -

BLOCK . ~ . . . · · . . . . • • • I • 

.0.0.01.02.03.0405.0607.08.091.0111213141516171819 2)2122 23242526272829,03\ 
, 

\1··- I I I I I -I I I I T 1 I I I l- I I I I 
i 

'~ 
\ 

BLOCK __ I. i\ . , · .. . I . 

~ 
1-'" 

6-
ID m 
CD 

H ::s 
1-'" 
c+ 
1-'" 
ID 
c+ r-- 0 
Ii 

~ m 
m 
1-'" 

i ::s -. c+ 

1-3 

f---
g, 
I-' 
CD 

6; 
H 

. 
I\) . 
I-' 

w 
I-' . 
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~ 

) 
• WORD ¢ 

BLOCK. __ 

WORD 1 

BLOCK 

WORD 2 

BLCJCK __ 

BLOCK 

Final 

BLOCK 

. 
" . 

< 

I I I I I I I I I I 
'" r 

I I I I I I 
Radar ~im Site ID Number of 2 word Radar Returns Type ~.D " ( 

. ' . • • f . • « . . . . . . . • t. .... t • • 
00 01 020:; 04 Oc; 06 0708 Oq 10 II I 2 I~ I ' I c; I 6 I 7 I 8 ! 9 20 2 t 22 2 ~ 24 25 2 6 272829,0;1 

. 

I I I I I I I I J I I I I I I I I 
+ Sin ,9 

. + ,+ Extrapolation - Slant Range - Cos 9 ,_.J _ 

. . . · . . 
. . f T,imE1 , 

00 0 I 02 0'5 040 c:; 0 6 07 0 8 0:j 10 II 12 1,1 4 15 1 6 17 1 8 1920 2 2,22,2 25 2 6 27 2 8 29 , o I ., 
. ' 

I I I I I I I r I I T T TI I I, I I 1.1-
X (1/32 mi) Y (1/32 mi) -, . . · ' . . • . . . ....L I . . I I • • i. 

, 

; 

" 

I I I" I I I I I I I I I I I I I I I J I 
Word ¢ is repeated once f Dr each. site . 
Words 1/2 are repeated fa ~ every return for.eachsite , ' . . .. ... .. . • . , 

000102 0;040506 07 080910 II 12 I; 14 15 16 17 18 19 ro 2122 232425262728 2930;1 
: 

" I I I I I I I I I r I I I I I I I 11 

'All Zero's . . . . . . . . . . 
0001 020; 040506011080910 1112 I; 14 15 16 17 1819 20 21 22 ~ ~ 25 262728 29;0 ,I 

n 
0 

~ 
CD 
I-' 
p:l 
ct-
1-'-
0 
\:j 

W 
I-- ~, 

!:O 
CD 
ct-

~ 
til, 

-, 

-

~ 
~ . 
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~ ~ f§ 0 

,... DSKJt > MXCI '< DSYf;. >-
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I 
I I Lt 

INSC' I 
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.- -, 
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~ i I i 
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i 
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I 

I 
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BLOCK. __ 

Word 1 

BLOCK 

BLCJCK __ 
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-
-

, 

I I I I I I I r T T I I I I I I 
Type 
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TCTG S ,B "" ... '8 B 8 B, 
TCTI U U U U 'u U U 
TDRC " 
TDRI S S·· ' 8 
TFCN B U B U.: ' ,,' B U 
TFLZ S U U 8 U 8 U 

~ 

TFRI 
TFRM 
TF8G 
TFZ8 8 U 8 U 8 U 
TIDG B B B 
TIDS B U B U B U 
TIDY U B U U U B U' U B U 
TIMI " 

TIMT 8 U S U 8 8, U 
TINN U U U 
TINT U U U 
TIP I 
TJAL 8 8 
TLTI 
TMAL " 

TMCN 
TMHI 
TMON U 
TMPA U U U S U 
TMRI 8 
TMRN S S 8 
TMRS . 
TMSR U U U 

. - U 
TMTP J " 

TMXS U U U U U U - B B " U 
'TNAI .. 

" 
.' 

TNAL ' ' -: .. 

TNII 
TNWI B U B U ,- B U 
TOSS .. 

"; . 
....... ,,' 
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, ... 
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'TP08 13' B U B B U IB B U U B B U U B B U B B .~ B B U 

TPWD B U B U I' B U 
TQGI 
~T 
TRCI U U u 
TItCN 
~I_ U '\ U U 

TRGI U U '. U 
TRHI 8 ", 8 .. B .. 8 
TRIG U U U .' U U 
TRMT 8 8 8 U U 8 8 .. 8 U U 8 8 B 8 8 U 
TSAI U 
T8eI .. ' 8 -~ S B 
T8EP '. 
T8IG 8 S 8 8 18 8 5 8 18 5 8 5 8 5 
T8IM U U 
T5MS '(J U ; U 

j'8PI 5 5 U 5 5 8 '. 8 
T5RG P 8 8 5 B 18 8 5 5· B 15 5 8 5. 5_ 8 8 B 

T8TG 8 8 B B U 15 8 B B U 18 S B 8 B B B u 
TST5 B B B B U U IB J3 U B B U U IB B B U B B B !! 
TI'GC 
TTGI U U '" 

U 
TTRN 8 B U ~ B U 8 B !! 
TT81 U U U 
TTYP U U 8 " U 
_'!VEL U 5 U ..13 _U _U S .l!" B lJ u 8 U B B B B U' 
TXI8 B U U, u 
TXMN 
'!X08 I U' .'. u U 
TX58 \ U U ..., U 
W8IM U 
W8IN U 
~ B B . B 
W8T8 B B B 

'. I- " 

/ -
'.' 

, 

I'~ 

., 

'. 

,'" . 

, 

' .. 
~, ' ... -.. ", .. 
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5.3 Necessary Environment for Program Unit Operation 

PROGRAM 

KST 

ENVIRONMENT 

PCScp, PCCcj>, LIP(j) , LIPl, KIP~, KIPl, 

CSACP, KLG" TNS<;b, TNG, TDW¢~ TDWl, 

TDW2, TDW3, TDMgJ, TDMl, TDM2, 

TDM3, TDM4,TDTCP, 1, 2, 3, 4 

KSI PCS¢; pcc<;lS; SCA~; ABI¢; LIP9>, 1; KIP<,i1, 

1; CSA¢; SR T<j.>; TNSct>; TNC; TDMl, 3, 4; 

TDT9S, I, 2, 3, 4 

CTS PCC¢; PCS¢>; SCA¢; SRT¢J; TDMcp. 1, 2, 

3,4; TDTCP, 1,-2,3,4 

TCO PCCCP; PCSCP; A TSf/>; AT Act>, 1; TCTCP; 

COR¢; SRT¢; ATB(j), I, 2, 3; PDP(/), 1; 

TDT¢, 1, 2. 

TSA PCC¢; pcsf/J; ATB¢, I, 2, 3; TDM4; 

T DTcj>, 1, 2, 4 

TSD PCScj>; ATBCP, 1,2,3; TDM3, 4; TDTcD, 

1, 2, 3, 4 

TSE PCScP; PCCCP; CERCP; ATB¢, 1, 2, 3; 

TDMCP, 4; TDTCP. 1,"2, 3. 

TST PCC~;PCS~;CER¢; SCACP;ATBCP, 1,2, 

3; TDMcp. 1, 2, 3, 4; TDT</>, 1, 2, 3, 4 



PROGRAM 

CTA 

ENVIRONMENT 

SCC<p; SCB<p; SCA~; PC.Ccp; PCSCP; RGtP; 

CBA</>;CBA</>; CDICP;FAVCP; CTicb; NAVqJ; 
I " '. 

TNTcb; FOOCP; W XCCP; TNSq,; TNC;TDWqJ, ' 

1,2,3; TDMCP, I, 2, 3, 4; TDTl/), 1,2,3, 

4 

CTB SCA0;SCB~;SCC~;PCC~;PCS<P;CBA~; 

FDRCP; CBlCP; WIA¢>; TDWc() , 3; TDMl, 2, 

3; TDTcP, 3,4 

STK PCCCP; PCSCP; DTACP; TTPCP, 1, 2, 3, 4, 

5, 6, 7; FDCqJ,2, 5; DABcjJ, 1, 2; TDWcP, 

1, 2, 3; TDMct>, 1, 2, 3, 4; TDTct>, I, 2, 

3, 4 

CTH PCSC/>;TRHC/>, ,I, 2. 3; TDM4; TDTcp I 1, 3 
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8.0 External and Internal Outputs of the AT Function 

8, 1 External Outputs 

6M-4851 -S8. 

a. STK sets up the 8 word tabular message in preparation 

for display. PEC places this tabular message on the 

TD drum, from which it is automatically displayed to 

personnel conc.erned. 

b. Summary counts are maintained by CT A and CTB for 

digi tal dis play. 

c. CTH maintains a continuous five (5) minutes of history 

for presentation upon request as situation display. 

d. Alarm conditions are forced upon certain concerned 

personnel; i. e. MKX Emergency alarm 'forced on 

Tracking Officer. etc. 

8 . 2 Internal Outputs 

a. Central Track Data and Track Bookkeeping are calcu

.lated and maintained for future recording. 

9.0 Glossary of Automatic Tracking Function Terminology 

Correlated Radar Data .:.. Data which has been associated with 

a track or initial pickup. 

Crosstell (X-Tell) - The passing of information from one sub

sector to another. 

Command Tracking - An interceptor being vectored by the com

puter program. Command headings and altitudes being 

generated on the basis of known speeds and destinations. 



614-4851 89. 
Confirm - An action tak.en hy .the. tr~ck initiators to establish 

a track-which.. had a . .status.ofteJ1tative. 

Dead Reckon - Pz:edicting a new position based on assigned 

veloclty. 

Deviation - Displacement of radar returns from the predicted 

position measured in terms of X and Y. 

Mapping - The elimination, by use of overlays or semiopaque 

paint, on the Area Discriminator of areas wit ich make auto

matic detection difficult due to heavy traffic, ground clutter, 

etc. 

Masking - Pr0gram selective elimination of returns to reduce 

data from areas with excessive radar coverage and all data 

outside the subsector overlap coverage area. 

Mark X Emerg~ncy Reply - Three or more Mk X replies from 

a single radar correlating at the same time with anyone 

track will indicate the possibility of an emergency. 

Mark X Returns - Particularly reliable radar returns which 

will be given special priority in tracking. 

Mark X Score - A system devised te eliminate the possibility 

of a non Mk X track crOSSing MKif data and picking up this 

new data. 

Mark X Tra+. - Tracks which will accept only MK\ data for 

correlation, if such data is available ~ 



Initiation. - The culmination. (l)f the automatic er -manual detec-

tion phase when the track becomes established ~ -

Interceptor Delayed - An interceptor which has been scrambled 

when oo_empty -channels w-ere available in track.dli\taeentral. 

The computer program will drop Friendlies, Tentatives, 

Pendings and Fakers in that order to make an empty channel. 

There is a capacity of four (4) delayed interceptors in the 

system. 

Interceptor, Special - A means of re-ident~fying Friendly, 

Round Robin, Special and Faker tracks as interceptors in 

order to provide the aircraft with vectorin.g instructions. 

Overlap Zone - An area fifteen (15) miles on either side of the 

subsector boundary used for crosstelling of tracks. 

Parameter - A quantity to which the programmer may assign 

arbitrary values, as distinguished from a variable which can 

assume only those values that the form of the function makes 

possible. 

Position. - The lecation of the aircraft as prejected on an ele-

vated plane (Stereographic projection) measured in terms of 

X and Y coordin.ates. - . 
Raid - The combination..-bf a n.umber of hostile tracks with 

similar velocities and in the same general area for a summary 

of the air picture for threat evaluation. 



Group.'- The combinationofa.-11Umber of inter.ceptor tracks with 

similar velocities and in thesame.generaLarea .. 

Re-Initiation ..; Returning to a previously assigned status, such 

as manually re-establishing tracks with a status .oflost or 

extrapolated. The computer program will not try.to corre

late data with tracks in these stati, and this function is 

assumed by the track initiators. 

Smooth - Adjustment of track position to compensate for the 

difference in predicted position' and radar returns. Drawing 

of a forced curve through all past and present positions of 

this track to most nearly depict the logical path of an aircraft. 

Sort Boxes - A system devised to divide the subsector into 

smaller areas to facilitate correlation. 

Status, Inactive - A conditional period in which tracks are placed 

after a status change in order that the bookkeeping programs . 

may assign track number, up-date information, etc. 

Status. Track - A method of determining what type af processing 

this track requires. 

Airborne - Interceptors after they are airborne and prior to 

in~tiation. These tracks are extrapolated utilizing their 

command velocity. 



Crosstells, Correlating - Incoming crosstold tracks from an 

automatic subsecto~js attempting to correlate with radar 
,-'- . 

data. 

Crosstells, Non-Correlating - Incoming crosst'old tracks from 

an automatic subsector wnic.h t~e receiving subsector is not 

attempting to correlate with ;radar data. 

Drop Cycle -, A track a~out to be dropped from the syst~m is 

placed into this statulS for one frame to notify all functions 

and personael concerned of the pe:qding action .. 

Established - All track~ (except TNT. COX) using radar data 

to estimate position and velocity. 

Extrapolated - Hostiles I unknowns. Fakers j am Specials which 

the AT function can no longer satisfactorily track~ but which 

are required by the Weapons S~ction. 

Lost - Tracks on which the track merit is so poor that the AT 

function decided that further correlation of radar data is 

unwarranted. These tracks are predicted ahead utilizing 

their last known velocity. 

Manual Input - Position and estimated velocity reports from ex-

ternal sou.rces (AEW, GOC, picket Ships. etc.) which are 

manually inserted into the computer from the manual inputs 

room. These tracks are predicted along utilizing the esti-

, mated velocity for a period of ~iX (6) minl:lt~s .J~"~H'i} 



6M-4851 93. 

between reports i if necessary.· Subseq~ent reports replace 

the extrapolated positions. 

Tentative - A track which is still in the process of automatic 

detection. At this stage at least two successive radar returns 

have been received and correlated to indicate the possible 

existence of a track. 

Scrambled - Interceptors which have been scrambled by the 

weapons se ction but have not yet reported airborne. 

Empty - All tracking channels not occupied by one of the above 

types. 

Track - A collection of data in the computer system intending 

to represent the pOSition and velocity of one or more air

craft. 

Tracking - The actions of collecting and correlating data from 

radar and other sources to establish or maintain a track. 

Track Channel - Numerically identical registers across a group 

of tables and their blocks containing inform'ation on one 

track. These tables are indexed by TCPX (Track Capacity 

m.inus one) and the track channel number corresponds to the 

value of the index registers used. 

Track History - The c'ompilation of track status J position, 

velocity. altitude. and Mk X status at intervals of on~ minute. 

for a continuous total of five minutes of present and past 

history. 



Track Identity - Method of rapidly determining intent of indi-

vidual aircraft. 

r--
Faker - Flights simulating hostile .aircraft. 

Friendly - Known flights on flights originating in specially 

designated areas. 

Hostile - Flights which are identified as or which clearly 

exhibit maneuvers indicating destructive intent. 

Interceptor - Reserved for fighter type aircraft assigned to 

intercept or attempt to intercept Hostile I Fakers I or 

Unknown tracks, 

Pending - Flights awaiting identification. 

Round Robin - Flights which originate and terminate within the 

subs ector boundaries and whose identification of friendly 

can be established at initiation. 

Special - Flights to which the attention of direction center 

personnel is specifically directed. This identity includes 

Fast Freight fI Big Photo I Keystone» etc. 

Unknown - Flights which cannot be positively identified. 
-
Tracking Merit - An indicator generated by the number of 

requests for monitoring and during the maintaining of the 

track in the established status. It requires thirteen (13) 

frames of poor merit to place a track into lost status. The 

three levels of merit are good, fair, poor. 
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Track Number - Numbers assigned to tracks I except intercep

tors. The number consists of-a subs-ector. designation letter 

and three digits ranging from. zero (0) to 699, For inter

ceptors the number consists of two letters for squadron 

designation and two digits ranging from 1 to 24. 

Velocity - A rate of motion in a given direction. A vector J 

whose direction indicates the course of the aircraft and 

whose length indicates the speed. measured in terms of 

X and Y coordinates, 

10.0 Simplified Math Specifications for Automatic Tracking Function 

10.1 Correlation 

In essence. this process entails comparison of the new radar 

data and the radar data collected from the radar input drums 

during the past subframe and is performed three times each 

frame or once every five seconds. This data is not neces

sarily the radar data seen by the radar set in the past sub

frame because of a 2 1/2 second time'-"delay existing between 

the detection of a target at the site and the transmission of 

that target to the Direction Center. 

Two corrections are aecessary to rectify errors existing in 

the coordinates of the radar return at the time the tracking 

program receives that return. These corrections are; 
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1) Correction of slant-range as reportedby the AN/FST-2 

to the true ground range of the target. It is necessary to 

~ .. llowthe 'altitude of the target,which is assumed f<;>r all 

radar returns and based on a fixed elevation angle of the 

antenna (a) for each radar site. The tracking will further 

correct the reported position when necessary, to reduce 

the positional error toa maximum of 1/8 mile and will 

perform this correction on any track lying within 6 

nautical miles of the uncorrelated radar return. The 

following equation is used to compute the slant-range 

correction: 

xl = X + S 'sin Q [1 - cos'" - 1/2rl . ,s2J 
1 

y1 = y + S .sin ~ r -coso!- 1/2 ~J 

where X = X~co.prdinate of r~turn before slant-range 

correction. 

Y = Y-coQl'dinate of returll before slant-range 

correction. 

Xl = X-coordinate of return after slant-range 

correction., 

yl = Y-coordinate of return after slant-range 

correction. 

H = altitudeoftz:ack, in knots, above radar site. 



, 
. ' 

S = slant-range of track, in knots. 

\ 
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~ = elevation angle assumed by radar data input 

program which. supplies cos. 

Q ~ bear~ng of target from directly above the 

radar site. 

2) Correction of error resulting from time-delay mentioned 

above and required only when the position error resulting 

from the delay exceeds 1/8 mile. The correction involves 

extrapol~ting the position of the data along the velocity of 

the track with which it correlates to the middle of the 

subframe period, ending with the correlation process. 

This will be done for any track lying within 6 miles of the: 

uncorrected radar return before any further correlation, 

but after any necessary slant-range correction. The 

equaticm for time-delay correction is as follows: 

1 
X = X + XTd 

:2 
1 

Y = Y + YTd 

where X = X-coordinate of radar return after slant-

range correction. 

Y = Y-coordinate of radar return after slant-

range correction. 

xl = X-coordinate of radar return after time-

delay correction. 
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yl= Y-coordinate of radar ret~rn after time

delay correction.' 

X = X-component of track veloc~ty. 

Y = Y-component of track velocity. 

Td = Time delay from detection of return to 

one,-half subframe before correlation process. 

(2 1/2 sec.) 

(NOTE: The above corrections will be performed before 

any correlation begins.) 

There are two search areas associated with each track. 

These search areas are bounded by a pair of concentric 

circles centered on the predicted track position (the PQsition 

at which the computer expects to find radar data). The 

small search area, the area bounded by the inner circle ~ is 

of such a size as to encompass all radar returns that might 

be expected from an aircraft flying a straight-line path and 

has a radius of one mile. The large search area is suffi

ciently large to permit an aircraft to make a reasonable 

maneuver i the data to be missing for one frame. and the 

data on the following frame to lie within the large or small 

search area. This large search area (L. S . A.) has a radius 

of 5 miles. 
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Any radar data wbich lies withia either the large or small 

search area associated with an established, tentative I or 

correlated crosstell track is said to be correlated with that 

track and is displayed as such. The following information 

is stored within the computer and is accessible at tbeend 

of each subframe. 

1) The number af data correlated ip. the small search area. 

2) The vectorm (sum of the deviations in the small search 

. area) wbosecomponents are defineq by the following 

equations: 

where 

3 

xt = x-coordinate of predicted track position. 

Yt = y-coordinate of predicted track position. 

x. = x-coordinate of the ith return in SSA. 
~ 

y. = y-coordinate of the ith return in SSA. 
~ 

'n' is programmed as to never exceed 15 and .<!: Dx 

or ~ D will ever be greater than 15 knots and y 

any excess to be ignored. The minimum increment 

for ~ D and::E: D is 1/16 knot. x Y 
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Also ~at the end of the subframe,certain information will 

be available concerning data c.ollected.in the. LSA: 

1) A single vector measurement. representative of the pre-

sent location of the track. The components of this vector 

are: 

D =Y -Yt y . m 

where m is chosen such that, 

4 

(x - xt )2 + (y - Yt)2 ~ (x. - xt )2+ (~. - Yt)2 5 
m m· 1 . 1 

or the least distant from the predicted track position of 

the i 's. , and where (X. Y) T and X. Y) i are denoted in 

the same manner as in equation (3). 

2) An indication of the spatial distribution of the data in the 

LSA is also available and is considered' good' if all data 

collected in LSA satisfy the following equation: 

6 

where n = the value of (m) which satisfies equation (5) 

for the first k returns correlated in the track's 

la~ge search area during this subframe. 

R = one mile. 
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10.2 Subframe Processing 

Once each subframe following. the correlation process for 

that subframe. the position of a track wilt be predicted to 

a time corresponding to the middle of that subframe. By 

pre~icting to the middle of the subframe. the error in the 

initial association of a return with a track (before time-
.- , 

delay 6orrection) is minimized. 

This prediction is performed by taking the 'present' track 

position and extrapolating it along the 'present' track 

velocity. 

7 

where Xn , Y = n 
components of 'present' position . . 

X , Y = n n 
components of 'present' velocity 

Xn+l ,. Yn+l = components· of predicted position 

T = deviation of a subframe (5 sec~) 
, , 

Where there has been no data correlated in the small search 

area during the past subframe, the present velocity remains 

unchanged from the most recent previous calculation. and 

the present position is the position just used for correlation. 

If data has been collected in SSA during the last correlation, 

the quantities of equations (3) are used to compute corrected 

values for the present position and velocity. T,hese values 

are then used in equations (7) to predict the position. 
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where 

~D 
X =X +ax n p 

Y = Y + a ~Dy 
n p 

n 

. . 
X = X 1 + n n- -n 

Y = Y 1 + ~Dy 
n n-

n 

D , n = terms defined in equations (3) 
y 

Y = predicted position used in last 
p . ' . 

correlation. 

8 

9 

Xn_l , Yn- l = most recently computed velocity 

(miles per frame) 

Xn, Y = present position n . . . 
Xn, Yn = present velocity 

a = 5/16, positional smoothing constant 

cf = 1/16, velocity smoothing constant 

10.3 Frame Processing 

The complete radar picture for each track is examined once 

each frame. There exists four possibilities: 

1) Data has been correlated within the small search area 

during the past frame. 

2) No da~a has been correlated during the past frame. 

3) Data has been correlated only withia the large search area 

during the past frame .. but this data cannot be used for 

correcting position and velocity. 
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4) Data has been correlated only within the large search 

area during the past frame~ and this data will be used 

for correcting position and. ~elocity.. 

Situations 1) and 2) are self explanatory. There. will be no 

change in the track position and velocity as computed in the 

last subframe processing. Situation 3) occurs when the 

deviations Dx and Dy fail to have good distribution. When 

the distribution is good ~ situation 4) holds. Situation 3) is 

similar to 1) and 2) in that the track positions and velocities 

are not changed from the values computed in the last sub-

frame processing. 

Situation 4) is divided into two possibilities depending on the 

tracking merit. When the tracking merit is good or fair. 

the following equations will be used ta correct the track's 

position and velocity. 

where D = D + D (choice described below), x y 

al , a2 are positional smoothing constants, 

described below, 

12 

13 
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~l' ~2 are velocity smoothing constants, 

described below, 

r = X + Y , predicted position used in corre-p p p . ' 

lation of the subframe from which D and Dare x y 

chosen, 

r = X + Y , present position, 
n n n . 

V 1 = V = X 1 + Y l' the last computed n- n- n-

velocity in miles per frame, 

V = X + Y , the prese~t velocity in miles per 
n n n 

K a unit vector perpendic~ar to the X-Y plane. 

There are up to three sets of Dx # Dy(from eq4ation (4L one 

from each subframe, along, with associated distribution 

indicators. Dx and Dy (:whose sum is D) will be chosen from 

one of the subframes as follows: 

1) The data distribution associated with the chosen Dx and Dy 

must be "good," 

2) The magnitude of the D chosen must be less than the 

magnitude of D from any other subframe. 
, 

and' 3) If th~ tracking merit is ~'good," Dx and Dy,must lie in the 

area. bound by the following equations: 

I V . D/ ~ I vi (1/2 Ivi + l)} 
and I V x K I. D I ~ I vi (IVI + 1) 

14 

where the symbols bave the s~ meaning as in equations 

(12) and (13). 
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If no D can be found that satisfies the above equations and 

conditions. the situation reverts to type (3) above. 

Equations (14) essentially define a rectangle whose center is the 

track position and two of whose sides are perpendicular to the 

velocity vector. The perpendicular sides have a length that is 

equal to two times the absolute value of the velocity (in miles! 

frame) plus two miles. The other two sides are equal to a half 

of above described quantity. If the radar return from which D 

is derived does not fall within this rectangle. then this situation 

reverts to type (3). 

Equation 12 breaks down a,s follows: 

I 

I 
D 

v 

(v.~ 
where \1 vTJ 6;ViS the component of Uin the direction of the 

fvxK. ~ rvxK:\ 
last computed velocity. and \ ~ "-I V 17 is the component 

of D in a direction perpendicular to the last computed velocity in 

the h()rizontal plane. These are ~eighted in the sense that it is 

more likely that .the plan.e has changed direction rather than 

increased or decreased its speed. 
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Equation (I3) can be similarly interpreted. 

The smoothing constants a 1. a2 ' oj 1 and ~2 assume the 

following values: 

al ::;: 5/16 (1/16 - 15/16, 1/16) 

a2 = 9/16 (1/16 - 15/16. 1/16) 

~1 = 1/16 (1/16 - 15/16. 1/16) 

~2 = 1/4 (l/16 - 15/16.1/16). 

When the tracking merit is poor, al is set equal to a ~ (9/16) 

and ~1 and ~ are set to 1/8. The. equatiolls (12) and (13) then 

reduce to 

10 

and 11 

Since the merit is poor. D does not have to fall within the 

rectangle defined by equations (14). The symbols have the same 

meaning as (12) and (13). 

With the new rn and Vn determined by equations (10) and (11) or 

(12) and (13), a new predicted position is determined by equation 

(7). 
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