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Automatic Tracking Function

1.0 . Introduction

The Automatic Tracking function, receives the majority of its in - -
puts from the outputs of the Radar Input Function, which immediate-
ly 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 pickdps meeting the cri-

. teria of distanée invclvéd (Automatic Detection), then this new ten-
tative track, through correlation of radar data, becomes established
(Initiation Phase). The track is then automatically maintained as

'establlished, or due to difficulty manually monitored (Automatic
Tracking Phase). Throughout the period that the track remains
within the system, records are maintained (Bookkeeping Phase).

1.1 Initiation Phase

Tracks are detected automatically by the ‘computer program and
manually by five (5) Track Initiators. The Track Initiators ar‘é
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 i 7nigned *o the
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Track Initiators. The culmination of the initistion phase oc-
curs when the track is either established or emptied.

Automatic Tracking Phase

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 moni-

~

torving. 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 arela. 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, or any
tracks crosstold to thé subsector for warning purposes.

A tracking status is associated with each track to inform the
automatic tracking and Bookkeeping fgnctions of the type of
processing'required for a particular track

Bookkeeping Phase

The bookkeeping phase operates on all fracks in the system
mainly sensing for changes in status or identity to perform
the correct bookkeeping function. This phase can assign
track numbers, automatically identify tracks as pending or
friendly, drop tentative iracks, place certain tracks in drop

cycle to make room for delayed interceptors, clear tables on
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old drop cycle tracks, perform summary counts, turn on alarm

indicators, make up tabular messages, and maintain five

minutes of history on all active tracks.

Tracks are selected from many initial pickups becoming
associated with each other (Initiation Phase) then the automa-
tic tracking phase tries to correlate radar data with the track,
(Correlatien) and then compute eStimates of velocity and posi-
tion for these tracks (smooth & pfedict proc;ess). On certain
type tracks such as manual-iziput, lost, dead reckon, extra-
polated, the AT function estimates new positions on fhe basis

of the last known velocity or assigned velocit§7 (dead reckon).

The AT function also removes certain tracks from the system

automatically. Certain radar data situations arise that make
it impossible to continue tracking a particular aircraft aute-
matiéally. Thus we request assistance from track menitors.
During the smooth and predict process the smoothest curve
through all past and present data is derived. Two typés of
tracking ev‘olve from this smoothing. The first is straight
line tracking which indicates that ciuring the frame we re-
ceive information within the small search area of the pre-
dicted position indicating a relatively constant straight move-
ment. The second type will refer to the non st;‘a‘.ight move-

ment or the change in direction type. This refers to the
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failure of data appearing within the small search area thus in-‘
dicating a change in direction, if found within the large search
area.
The smooth and predict process i‘s done on a subframe basis
for indications of straight line tracking. This sampling takes
advantage of the triple coverage of multiple radars. The
change of direction tracking oécurs 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
th'e situation.

2.0 Description of Programs within AT Function

2.1 Programs in the AT Function

Program Name DCA Index Mod
STK ' Track Situation Display 5.3.2 | 27
KST Switch Interpretation TO-TT 5.5.2.3 22
KSI Switch Interpretatibn Ini- 5.5.2.4 3‘8
tiation

CTS ‘ Central Group Track Sort 5.1.3 35
TCO Correlation 5.6.3 23
TSA  Smooth & 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
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Program Name DCA Index Mod
tion Established Tracks
TST Smooth & Trouble Detec- 5.6.5.3 6

tion Tentative Tracks

CTA Qentral Track A 5.1.2.1 33
CTB Central Track B 5.1.2.2 17
CTH Track History Makeup 5.1.2.5 13
TNC Track Number Conversion 5.1.2.4 vll

System Subroutine

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

gram) for IS & TI By Light Gun or Activate action in
- conjunction with switch inserted imformation KSI fur-

hishes a basis for operation of other programs both
within and without the t{racking package. A request
for display can be transimitted to a display program.
A track can be initiated with an inactive status which
limits further action until CTA can operate. Finally
a tentative track can be made established. These
actions produce a situation in which TCO #xﬁd TSA or
TSE can function.
(b) KST 5.5.2.3 Mod 22 (Switch Interpretation Prd-
gram) for TO & TT By Light Gun or Activate action in

conjunction with switch inserted information KST fur-
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nish‘es 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
frack can be placed in a drop cycle for action by CTA.
Finally a track can be initiated and given a status of
established for further action by TCO and TSA or TSE.

2 1.2 Program Description of CTS

2.1.2.1 From the Track Positions , Track Statuses,
and Dead Reckon Indicators, CTS ﬁvill con-
struct the Track Sort Table (SRT@). This &
table will contain the relative position of the
track with reference to the '"Sort Box System'',
the status of the tré.ck, and an indicator bit
which tells TCO whether or not to attempt
correlation on the track. By grouping the
tracks into sort boxes, CTS saves TCO the
trouble of searching thru the whole of Track
Data Central to find the tracks that could
possibly correlate with a given radar return.

2.1.2.2 CTS will set an indicé.tor as an aid in the cor-
relatiqn process when there are two tracks,
with statuses of established, tentative or

correlating crosstell, whose large search



areas overlap.

2.1.2.3 CTS will also drop tentative tracks when they
are within 2 miles of a track whose status is
established or correlating crosstell.

2 ‘l‘. 2.4 CTS will construct the sort table for these
tracks whose sté.tuses are active only. The
correlation indicator will be set for those
tracks whose statuses are established, ten-
tative or correlating crosstell only.

2.1.3 TCO - Correlation 5.6.3

Each subframe, TCO correlates all returns (tape, |

drum & MSGQG) with tracks. All returns for the sub-

frame are transferred to the R.D, display drum as
either correlated or umcarrelatgd, and MKX or non-

MKX. On the RD drum, a return is not identifiable

in terms of subframe received; GFI or SER site; site

identity; drum, tape, or MSG source.
2.1.4 TSA Mod. 10
- Smooth, positicn and velocity, predicts pesition for -
all tentative and established tracks which have cor-
related data in the small search area.
Predicts position for all tentative, established, cor-

related crosstell, dead reckoned, lost and airborne
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which have a track status change with no deléy.
Detects split tracks which have correlated data in
small search area and have a track stat.us' of vtentati‘ve
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 when a split occurs indicating ra-
pid change of track symbology which effects STK.

(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 on their
command heading and speed.

(b) TSE -’Track Smooth and Trouble Detection - Est-
ablished Tracks. D,C.,vA, 5.6 5.1 Mod 21

The purpose of this program is to smooth ‘posifion and
velocity of established tracks that had good distribu- |
tion of correlated data within the large search area.
Also,' to détermine the tracking merit 6f the traék,

change to lost the status of tracks with a history of
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poor tracking merit, determine the existence of track
.trouble and the type of trouble and determine the need
for monitoring action. In addition, a count of Mark X
radar data correlatioﬁ with the track is maintained, a
Mark X status determined from the above count, and
the existence of any Mérk X emergency replies to be
communicated to the Tracking Officer. A history
for each track is kept for any, poor distribution in the
past frame, the areas in which radar data was corre- .
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 Smooths & Predicts position ana
velocity of tentative tracks bwith data correlating in the
large search area and will automatically establish or
empty these tracks.

When TST empties out a track it clears all central
track bookkeeping tables . Summary facts affect the
bookkeeping programs CTA, CTB, CTH and STK (a
situation display program).

If TST sets the track to inactive establish, CTA will
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activate the tréck, STK will change symbology, and
CTH will corfect the history.

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

A Class™ |
CTA maintains and upgrades track status and track
identity change indicators and maintainers. Once

a track status or identity has been changed, this
program will count the no. of subframes since these
items were changed for th;'ee subframes and then will
reset these counters to zero. |

If a track has been in drop cycle for three subftames,_ _
then CTA actually drops the track from the system by
deassigning the track no. and availability bit, clear-.
ing the Track No. Sterage table and clearing Track
Data Central.

If CTA 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 CDI table
and se’éﬁng it into the empty channel. It also will
assign a track No., a status of either scrambled or
airborne, and identity of intercéptor and various other

items. If the number of delayed interceptors is
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greater than the sum of the empty channels and the
ne. of tracks in drop cycle, the program will place
enough friendly, pending or faker tracks in drop
cycle and/or actually drep enough tentative tracks to
take care of the remaining delayed interceptors.
CTA changes the status of new tracks in the system
from inactive to active so they can be worked on by
the tracking programs. If the track has not
already been assigned a track no., CTA assigns one
and also an availability bit in either the NAV or FAV
.vtables for newly established tracks. It will attempt
" to automatically identify it as friendly. If unsuccessful,
it will give tne track amn identiiy of pending.
Redesignated and specially designated interceptors
are processed by this program by assigning and de--
aséigning track nos. as needed.

CTA keeps a count of the no. of unassigned and de-
ferred HUK tracks and also the no. of extrapolated
HUKS. If either of these counts are greater than a
set limit, an alarm is set. An alarm is also set if

a track was put in drop cycle to make room for a _de-'.
layed interceptor.

Other counts kept for the digital display programs are
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the no. of interceptors, no. of HUSI, 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 1 |
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 CTA when it clears out a certain TNS regis-
ter from drop track processing.
The following programs use TNC as a sub-routine.
CTA TCO KSI KST
KSI KST and TCA enter for the channel number.

(a) CTB Central Track B: DCA No. 5.1.2.2
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CTB scans Track Data Central and perform‘é’ 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 other breakdown criteria for counting purposes.
In addition, CTB calculates 6-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 tentatives

b. Average No. of tentatives dropped

c. Aver;ge No. of tentatives established

d. Average No. of unused initiai pickups

e. Average No. ‘of rejected initial pickups
CTB steps the track age and track altitude age counters
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 whenever initial pickups exceed the maximum
limit per frame for any 3 consecutive frame period.
(b) CTH (Track Hist. Makeup) DCA No. 5.1.2.5
Mod. 13 |
Track History Makeup. (CTH) makes up a fcrack

history showing changes in position, altitude, Mark X
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status, track merit symboiogy and track status.

Most of the history is made from data computed by the
programs in the tracking package.

The following programs in the package set the items
which are used for display.

Altitude (TALT)

Position (TPOS) KSI, KST, TSA, CTA, TSE,

TSD, TST
Tk. Status (TSTS) KSI, KST, TSA, CTA, TSE
Mk. X Status (TMXS) TST, TSE
Tr. Merit (TRMT) KSI, KST, CTA, TSE, TST

If there is no past history on a track the original values
are used as data for the history table. If thére is a
past history the changes are computed from previous
data and used as new da‘ia for the tracks history.

Track History indicator is set by CTA when it activates
a delayed interceptor and CTH will set the new data

in for the interceptors history and set the TRH
indicator to show that there is now a histery. 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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(5.3.6.2)

2.1.8 STK - Track Sitﬁation 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, the program relocates
tracks rhoved by switch action, up-dates track
symbology, changes the category routing of traéks to
consoles, and changes display assignment bits. It
also turns off certain change bits, deposits the Dis-
plasr Assignment Bit message into the track message
of each track, and turns off the display of inactive
tracks or tracks out of the times one display.
Once each frame the program updates the symbology
for track age, suspicious friendlies, interceptor
distance to target and target bearing, and track
\velocity and position on the display.

3.0 The AT function is necessarily dependent upon the Radar Input
Functibns and its generated outputs. External outputs are defined
as those outputs, such as displays, which occur due to the function
and are transmitted outside the computer. Internal outputs .are
generated by the function and continued within the computer and
its environment.

3.1 External Outputs
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Each subframe all MSG - Tape and Drum returns, which have
not been rejecfgd by TRI, are stored f@r‘ display on the RI
Display Drum. Each frame the Rib scén counter is stepped,
and 6ne frame of data is displayed brightly as last frame.

3.2 Internal Outputs

a. Drum, tape énd MSG Data are converted to one X, Y
frame and transmitted to the AT functions each subframe for
correlation with tracks.

b. Simulated keyboards and light guns (read from magnetic
tapes) are stored in place of live keyboards and light guns;
each subframe.

4.0 External and Internal Inputs into the AT function

Most of the externél inputs are received from the ocutputs of TRI,
which are placed into the ATA@, 1 table by PEC.

4.1 External Inputs

There are three types of radar imférmation TCO handles .
A. Real-time simulated data from the MSG program which
places this information in the ATSY table.
1. ATSO (Automatic Tracking Simulated Peripheral
Table) pmviicies the link between MSG and TCO.
a. Length: TCAP, plus 3 regs. \
b. Capacity: 3 céntr@l words plus a number

of one-word radar returns equalling track
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capacity.
c. A master control word appears in the first
register denoting starting address and no.
of words to be read.
d. Two set control words, one each for SER
and MKX returns will immediately precede
the block of returns they govern. Format:
radar type indicator; Sim indicator; Site ID;
and no. returns in block.
e. Each one-word will contain the X and Y
cdordinates of the radar return, quantized
to 1/4 mile.
B. Tape sixhulated data which is read off tapes by CMT and
processed by TRI and in RIP2. PEC takes this information
fr@rﬁ the RIP2 table and places it in the ATA table.
C. Live Radar data read from the radar drums and processed
by TRI and placed in the RIP2 table. PEC takes this informa-
tion from RIP2 table and places it in the ATA table.
1. ATAQ (Correlation Radar Retufns)
Serving as the link between TRI & TCO.
Format: Identical for all 2-word returns from each
site are grouped under a set control word.

a. Set control word will contain: radar type,
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sim. indicator, site ID, and number of 2-
word returns.
b. Return will include: Sin @, -slant range R;
Cos @, extrapolation time, X ai’id Y vcoordi,l-.r _
nates.
c¢. The final word in ATA will contain fnll

zeros denoting the cut-off point for TCO.

- This word being the word following the :i:as_t.

radar return te be correlated.

ATS¢ TABLE .
SET CONTROL WORD'
Ls 1 23 8 21 31
(1 |(2) (3)  SPARE SPARE | (4)

LS

1) Type of Radar-MKX equals zero, LRI equals 3

2) Simulation Indicator - 1 equals sim

3) Site Number

4) Number of returns

'~ ONE WORD RETURNS

RS

X scaled 1/4 mile

Y scaled 1/4 mile
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ATA TABLE

Set Control Word

LS L1 L2 L3 L9 . RS R15

1 [(2) (3) SPARE (4)

1) Radar Type - LRI, MKX or GFI

2) Simulation Indicator

3) Site Identification - LRI & MKX - § - 9
GFI 9 -14

4) Number of 2 word radar returns

2 Word Radar Return

#1
LS Ll L5 L6 L15 RS Rl R5 R6 R9 R10 R11 RI15
+ | Sine ‘Slant Range . Cos Spare Extra-
-l e T = * |pola-
tion
time
#2
X scales 1/32 mile Y scaled 1/32 mile

/

In the "A" subframe TCO checks to see if there is any real-
time simulated 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 both
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correlated and uncorrelated returns continue on to the RD
drum. Each return is connected 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 ATA table which
contains either type simulated or line radar data which was
processed by TRI. TCO now attempts to correlate these
radar returns with existing tracks. This return is now
converted to the one word RD display message and placed in
the RDP table. TCO continues to process the returns
found in the ATA table until all returns have been processed
which is indicated by a full zero control.
RDP fable consiété of two blocks of 425 regs. each. RbP(b
and RDP1. This table stores display messages while. await-
ing transfer to the RD drum. The first reg. of each block
will contain number of words to be read.

1. Length: 425 regs.

2. Capacity: 424 returns

3. Messagé Format: One word containing X and Y in

display coordinates, a MKX indicator, and a correla-

tion indicator.

RDP Word Layout |

(2720l oo,

R7 ‘ R15
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Control word indicating number of words to be read from

this block.

Display Word Layout

L10 Ll4 L15 RS R10

* "1" MKX - "0'" Non MKX -
0 "1" Correlated, - "0" uncorrelated
TCO also checks to see if there is any correlation history
reqﬁests by looking at the TRC1. If there is a request it
places this information in the COR{ table which is used by
the CRA (Recording) program.

Table Tag: COR

No. of Blocks: 1

No. qf Words per Block: 101
This table communicates from TCO to CRA correlation his-
tories of a maximum of 20 tracks on which CRA is doing
a correlation study. The first register contains the nﬁﬁaber
of tracks represented in the table. The next five registers
give the number of radar returns éorrelated with this track,
the associated TCN, and the following information on the
first five returns correlated with this track: X and Y devia -

tions, age of data, set type and site identification. This five-



register format is repeated nineteen (19) times to provide .

for a maximum of 20 tracks.

CORS
| No. of Full_
SPARES Slots in Table
00 26 27 -
Xl DEV X, DEV Y, DEV Yq DEV
00 07 08 15 16 23 24
X3 DEV X4 DEV Y3 DEV Y, DEV
00 07 08 15 16 23 24
No. of
Xg DEV Y5 DEV SPARE| Corr. Ret. " TCN
00 07 08 15 16 1819 22 23 31
Age of Age of Age of Age of Age of Spare
Data 1 Data 2 Data 3 Data 4 Data 5
00 05 06 11 12 17 18 2324 29 30 31
T [s
Set |Site [Set |Site | Set Site |Set Site | Set | Site[p |
Type | ID |Type | ID Type ID Type | ID Type ID | a
1 1 2 2 3 3 4 4 5| 5 |r
' : e
00 0102 0506 0708 1112 13 14 1718 19 20 23 24 25262930 31
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4.1.1 Actions by the eight persons concerned with the A'i‘
' Function,Initiation Supervisérs, Track Initiators (5),
Tracking Officer, Tracking Technician.
By Light Gun or Activate ﬁction accompanied by
switch insertions the eight persons may do:
L equals Light Gun . A equals activate

IS - Initiation Supervisor

LG or A Confirm a TNT track
LG Initiate a M.I. track
LG Initiate a Split 'track
LG 61‘ A Attention TO;, OT, or TI
A Assign an Air Base
A Air Base Assignment Sum-
mary DD
A | Initiation Summary DD
LG Initiate with a TRN
LG Initiate w/o0 a TRN

(4) TI - Track Initiators

LGor A Confrim a TNT Track
LG Initiate a Track

LG Initiate an Interceptor
LG Initiate an MI Track

LG Initiate a split track
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TO - Tracking Officer

A Request Track History
A Request Track Tote
LGor A ~ Attention TS1& 2, OT 1 &
2, IS |
LGor A Drop a Track

LG Reinitiate a track

TT - Tracking Technician

TO

TO & TT

A Request a Track Tote
Operations specified in the Coding Specifi-
cations but not incorporated in Med 22 of

KST include:

LGor A Assign an OT or TS
A Request an Initiation Stlxm-
mary
LGor A Request a Track Summary
A Request a Monitoring Sum- |
mary |
A Request a Moniter Assgn,.
Summary
A Request a Raid or Group

Tote
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TT
A Activate/Assign all TM's
of 1 Team .

A Activate/Assign all TM's

of both teams

A . Activate/Assign one TS or
TMS

A Activate/Assign one TM

A Deactivate a TS or TMS

A - Deactivate a TM

4.2 Internal Inputs

The Program TNC utilized as a subroutine sets up the rela-
tionship between track number and track channel and vice-
versa.

PEC and PTM Effects

PEC initiates all in-out transfers of the programs contained in the
Auto-Tracking Package together with their related, necessary
environment. (A program unit is defined as a program which to-

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

¢

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

a point at which a portion of the environment must be transferred
into core in order to allow the program to work on that portion

prior to bringing on the next portion of environment. The end of



éM-4851  26.
a program unit defines that point at which the program hé.s com:-
pleted its utilization of that poftion of the environment and now may
transfer that portion of ehvironment out of core'v,.storage . Each
program unit iﬁ the Auto-Tracking Package is specified by a set
of parameters in the PSP (Program Sequence Parameter) table.
These parameters contain inférmation used by PEC to determine
if control should be branched to the program for that unit to
operate, be delayed, or omitted.
PEC also refers to information concerning the individual transfers
of environment for the Program units. This information is con;
tained in the TSP (Transfer Sequence Parameter) Table.
When the time occurs for a pérticular program té work on a por;
tion of its environment, the transfer of that portion of environment
is made by reading from drums into core storage. During the
program operation PEC.may utilize the excess time to transfer
more environment into core.. After the operation of the program
and its particular unit, that environ.ment will be written from core
storage back onto the drum from which it originally came. The _
progrém itself remains in core until such time as all the environ-
ment for that program is utilized. Programs are not read out
from core into drums due to the progrém reméining on drums and
ha§ing§:m;¢ destruétive read-out. The next program plus its envir-

onment will then be read into core on top of the old program.



6M-J+85l\,1 27.
PTM is largely responsible f{gz:.maintaining various clocké wh ich
are used by the program in the over-all Air Surveillance Package L
in determining when,_'in their: Seqﬁence of operation they will éer:; ’
form functions that are executed only after a specific frame or
, éubframe interval. |
Within the Auto-Tracking Paé“kagé_ there are three'(programs - KST; i
STK, TCO - which use item SFTC (Subframe Counter) which is o
set by PTM. .
KST uses thé item in computing the new position of a track after
a re-initiation action has been taken by the Tracking Officer.
STK updates the position, velocity, track age and identity status
of a track once a frame. It fherefore must test SFTC to see if it
is time to perform these functions.
TCO during the first subframe of every frame makes a test to
‘checkvfor data commg from the MSG program. If it doesn't find
any, it branc'ﬁés’"‘ééﬁfi‘éi”ﬁéé’i{f& i?“E.(; to read in the ATA table.
During the other two subframes TCO manipulates various masks
for extracfion purposes. 11‘; therefore uses SFTC to find oﬁt in
which subframe it is operating.
PTM al}so\ sets items in the PTC table which indirectly affect pro-
grams in the Auté-Tracking Package. These vi‘i‘;e-ms a.i‘e ;eondi};ion; »
ality indicators which ‘dictate whether or not a program '_is to be

operated. At present there is only one program in the Auto-
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Tracking Package which is conditional; (i.e. CTH) PTM 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 control 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

KSI
KST

TCO

TSA
CTA
CTB*
STK

2nd Subframe

KSI
KST

CTS*

UNIT

OKIGD
PKTQ
@TCO
@TCl1
> ESS
@TC2

@TC3

¢TAQ.
OCAQ
@CBQ

| GSTG

IKIP

IKTQ®

1CS@
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PROGRAM UNIT
TCO 1Tc<2>W

ITCl & ESS

ITC2 |
TSA ITAQ
CTA | ICAQ
stk IST®
CTH** . ICHQ

3rd Subfraine

KSI 2KIQ
~ KST | 2KTQ

TCO - 21C0 |

| éTCl s ESS
2TC2
TSA 2TAQ
TSD* | 2TDG
TSE* 2TEQ
TST* 2TTQ
CTA . 2CAQ
STK 2ST®
"A" Class once a subframe
*"B" Class once a frame

*%"C" Class other than "A", "B"
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5.3 Necessary Environment.for Program Unit Operation

PROGRAM

'KST

KSI

CTS

TCO

TSA
TSD
TSE

TST

ENVIRONMENT

PCSQ, PCC@, LIPY, LIPI, KIPQ); KIP’l;
CsA@, KLG, TNSGQ, TNC, TDWG, TDWl;
TDW2, TDW3, -TDM¢, TDMl; TDMZ;
TDM3, TDM4,~TDT¢; 1, 2, 3; 4

PCS@; PCC@®; SCAQ; ABID; LIP¢; L KIP¢;
1; CSAQ; SRT®; TNSQ; TNC; TDMI; 3 4;
TDTQ, 1, 2, 3, 4

PCC@; PCS®; SCAQ; SRTP; TDMQ, 1, 2,
3, 4; TDTQ, 1,.2, 3, 4

PCCQ; PCS¢; ATS}; ATAQ, 1; TCTP;
COR®; SRT¢; ATB(Z), 1, 2, 3; PDP(b, 1;
TDTQ, 1, 2.

PCCQ®; P¢s¢; ATBO, 1, 2, 3; TDM4;
TDTQ®, 1, 2, 4

'Pcs¢; ATBQ, 1, 2, 3; TDM3, 4; TDTO,
1,2, 3, 4 ‘

PCS¢; PCCY; CERO; ATBO, 1, 2, 3;
TDMOQ, 4; TDTQ, 1, 2, 3.

PCCQ; PCSQ; CER(Q; SCAQ; ATBO, 1, 2,

3; TDMQ, 1, 2, 3, 4; TDTQ, 1, 2, 3, 4



PROGRAM

CTA

CTB

' STK

CTH

eM-4851  82.

ENVIRONMENT

SCCo; SCBO; SCAQ; PCC¢; PCS¢); RG¢;
CBAO; CBA(D CDIO; FAV(}) CTIdJ NAV¢)
TNT O; FDccp WXC(D TNS(b TNC; Tqub :

123,TDM¢1234TDT¢123

4
SCAQ; SCB@; SCC; PCCP; PCSP; CBAP;
FDRQ; CBIQ; WIA(Q; TDW(, 3; TDMI, 2,

3; TDTQ, 3, 4

PCCO; PCS0Q; DTA(D TTPO, 1, 2, 3, 4,

5, 6, 7; FDCO, 2, 5DAB¢>12TDW¢>
1, 2, 3; TDM(D, 1, 2, 3, 4; TDTQ, 1, 2,
3, 4

PCSQ; TRH}, 1, 2, 3; TDM4; TDTQ, 1, 3
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8.0 External and Internal Outputs of the AT Function

- 8.1 External Outputs

‘aq STK sets' up the 8 word tabular message in preparation
for display. PEC places this tabular message on the
T.D drum, from which it is automatically displayed to
peréonne.l concerned.

b. Summary counts are maintained by CTA and CTB for
digital display.

c. CTH maintains a continuous five (5) minutes of history
for presentation upon request as situation display.

d. Alarm conditions are forced upén certain concerned
personnel; i.e. MKX Emergency alarm forced on

Tracking Officer, etc.

8.2 Internal Qutputs
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 associai:ed with

a track or initial pickup.

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

sector to another.

Command Tracking - An interceptor being vectored by the com-

Pputer program. Command headings and altitudes being

generated on the basis of known speeds and destinations.
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Confirm - An action taken by the track initiators to establish
a track which had a status of tentative.

Dead Reckon - Predicting a new position based on assigned

velocity.

Deviation - Displacement of radar returns frdm the predicted
position measured in terms of X and Y.

Mapping - The elimination; by use of overlays or semiopaque
paint, on the Area Discriminator o'f areas which make aut»o:m
matic detection difficult due to heavy traffic; ground clutter,
etc.

Masking - Program selective elimination of returns to reduce
data from areas with excess.ive radar coverage and all data

outside the subsector overlap coverage area.

Mark X Emergency Reply -~ Three or more Mk X replies from

a single radar correlating at the same time with any one
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 to eliminate the possibility

of a non Mk X track crossing MK#{ data and picking up this

new data.

Mark X Traé@j- - Tracks which will accept only MKX data for

correlation, if such data is available.



Initiation - The culrﬁination of the automatic or manual detec-

tion phase when the track becomes established. . ..

Interceptor Delayed - An interceptor which ha_s been scrambled
when ho. empty.channels.w.ere available in track data pentral.
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-identifying Friendly,

Round Robin, Special and Faker tracks as interceptdrs in
order to provide the aircraft with vectoring instructions.

Overlap Zone - An area fifteen (15) miles 6n either side of the

subsector boundary used for crosstelling of tracks.

Parameter - A quantity to which the programmer may assign
arbitrary values, as distingtiished from a variable which can
assumé only those values that the form of the function makes
possible.

Position - The location of the aircraft as projected on an ele-
vated plane (Stereographic projection) measured in ferms of
X and Y coordinates.

Raid - The combiné.tion’bf a numbef of hostile tracks with

s imilar velocities and in the same general area for a summary

of the air pictﬁre for threat evaluation.
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Group’ - The combination of a number of interceptor tracks with

similar velocities and in the.same general area.

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

as manually re-establishing tracks with é status of lost or
extrapolated. The computer program will not try to corre‘-l-“
late data with tracks in these stati, and this function is
assumed b); the track initiators.

‘Smooth - Adjustment of track position to compensate for the
d}ifference.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 facilitaté 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 of' processing

this track requires.
Airborne - Interceptors after they are airborne and prior to |
initiation. These tracks are extrapolated utilizing their

command velocity.




FCrosstells, Correlating - Incoming crosstold tracks from an

automatic subsector is attempting to correlate'v with radar

S
v

data.

Crosstells, Non-Correlating - Incoming crosstold tracks from

an automatic subsector which the receiving subsector is not
attempting to correlate with radar data.

Drop Cycle - A track about to be dropped frdm the system is
placed int;) this status for one frame to notify all functions
and personnel concerned of the pending action.,

| Established - All tracks (except TNT, COX) using radar data

to estimate position and‘velocitye

Extrapolated - Hostiles, unknowns,‘Fakers, and Specials which

the AT function can no longer satisfactorily track, but which

are required by the Weapons Section. |

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 sources (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 six (6) minutes &&:ﬂﬁ 5
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F between reports, if necessary. Subsequent 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 corrlélated to indicgte the possible
existence of a track.

Scrambled - Interceptors which have been scrambled by the
weapons section but have not yet reported airborné.

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-
crat;t,

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 information on one
track., These tableé are indexed by TCPX (Track Capacity
| minus onke) and the track channel number corresponds to the
value of the index registers used.

Track History - The compilation of track status, position,

velocity, altitude, and Mk X status at intervals of one minute,
for a continuous total of five minutes of present and past

history.
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Track Identity - Method of rapidly determining intent of indi-

vidual aircraft.

FE—E_.I_(E‘ - 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
infercept or attempt to intercept Hostile, Fakeré , or
Unknown tracks.

Pending - Flights awaiting identification.

Round Robin - Flights which originate and terminate within the

subsector 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, Big Photo, Keystone, etc.

Unknown - Flights which cannot be positively identified.

e

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, except intercep-

tofs. The number consists of a subsector. designation letter
and three digits ranging from..z.ero (0) to 699. For intg?’:
ceptors the number consists of two iehtters for squadron
designation and two digits ranging from 1 to 24.

Velocity - A rate of motion in a given direction. A vector,
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 aﬁd the transmission of
that target to the Difection Center.
Two corrections are necessary to rectify errors exjsting in
the coordinates of the radar return at the time the ttacking

prograin receives that return. These corrections are:
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1) Correction of slant-range as repbfted by’thé,AN/ FSTv-m2 v
to the true ground range of the tafget. It is necessary to
wnow the altitude of the target,whiéh is as.sumed for all
vradar returns and based on a fixed elevation angle of the
antenna (a) for each radar site. The tracking will further
- correct the reported position whén'necessary; to reduce
fhe positional error to a maximum of 1/8 mile and will
pe_rform this correcﬁon on any frack lying within 6
.nautical miles of the uncofrelated radar return. The
following equation is used to c‘omput_ev the sl#nt-range

correction':
1l - cosq - 1/2 §_2_
L ' ' SQJ

X=X+ 8 sin 0

. 1
. ' _ o '
‘Y -Y+ssine |l- coso;-l/agf
where X= XTCQ.o.rdina.te of return before slant-range

correction.

Y = Y-coordinate of returﬁ before slant-range
léorrection.

Xl = X-coordinate of return afte; slant-range
cdrrection,

Yl = Y-coordinate of return after slant-range
correction.

H = altitude of track, in knots, above radar site.
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s
3

program which supplies cos.

I

slant-range of track, in knots.

1]

elevation angle assumed by radar data input

© = bearing of target from directly above the

radar site.

2) Correction of errc;r resulting from time-delay mentioned
above and required only when the position error resulting
from the delay exceeds 1/8 mile. The correction involves
extrapolating 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 vﬁll be done for any track lying within 6 miles of the
uncorrected radar return before any further correlation,
but éfter any necessary slant-range cvorrection. The

equation 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 corréction.

Y = Y-coordinate ‘of radar réturn after slant-
rangé correction.

Xl = X-coordinate of radar return after time-

delay correction.
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ij:z Y-coordinate of radar return after time-

delay correction.
X = X-component of track velocity.
Y = Y-component of track velocity.

T a= Time delay from detection of return to

gne,-half subframe before cprrelation 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 position
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, the data to be missing for one frame, and the
data on the fdllowing 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 which lies within either the laréé or small
search area associated with an established; tentative; 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 the end
of each subframe.
1) The number of data correlated in the small search area.
2) The vector =D (sum of the deviations in the small search

‘area) whose components are defined by the following

equations:
n
ZED. ==
=1 Gy - %)
3
n
=D =
y o1 Oy - vy
where X, = x~coordinate of predicted track position.
Vg = y-coordinate of predicted track position.
X, = x-coordinate of the ith return in SSA.
v, = y-coordinate of the ith return in SSA.

'n' is programmed as to never exceed 15 and -’-'Dx

or £ Dy will ever be greater than 15 knots' and
any excess to be ignored. The minimum increment

for TD_ and =p, is 1/16 knot.
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‘Also, at the end of the subframe, certain information will

be available concerning data collected in the LSA:

1)

2)

A single vector measurement representative of the pre-

sent location of the track. The components of this vector

are: 4
Dx = Xm - Xt
N
Dy = Ym.- Yt
where m is chosen such that,
2 2 - 2 2
(2, = %)%+ (v - 5)" T (5 - %))+ (v -9)" 5

or the least distant from the predicted track position of
the i's., and where (X, Y)pand X, Y); are denoted in
the same manner as in equation (3).
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:
(x, - % )%+ (¥, -¥ )25 6

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

for the first k returns correlated in the track's

large 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 will be predicted to
a time corresponding to the middle of that subframe. By
prédicting to the middle of the subframe, the error in the
initial association of a return with a track (before time-
delay éorrection) i‘§ minimized.

‘This prediction is pérformed by taking the 'present' track

position and extrapolating it along the 'present' track

velocity.
Xn+l = Xn + XnT
. T
Yn+ZL =31 n + YnT
where Xn’ Yn = components of 'present' position

)‘(n, X"n = components of 'present' velocity

Xn+l ; Yn-l-l = coméonents'of predicted position
T = deviation of a subframe (5 selc‘o)
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 c;)llected in SSA during the last correlation,
the quantities of eqﬁati(ms (3) are used to compute corrected

values for the present position and velocity. These values

are then used in equations (7) to predict the position.
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Xn =X + a Z-Dx
P n
> 8
Yn =Y +a =D
| P n |
. . g D 3
=t =X
n
¢ 9
. 9D
Yn = Yn-l + nyJ
where Dy» Dy n = terms defined in equations (3)

Xp ) Yp = predictgd position uséd in last

correlation.

.

Xn--l’ Yn-l

(miles per frame)

= most recently computed velocity

Xn’ Yn = present pos:.tlon
Xn’ Yn = present velocity

a = 5/16, positional smoothing constant

9= 1/16, velocity smoothing constant

10.3 Frame Processing

The complete radar picture for eacﬂh track is examined once
each frame. There exists four possibilities:
1) Data has been correlated within the sméll search area
during the past frame. |
2) No data has been correlated dufing the past frame.
3) Data has been correlated only within the large search area
during the pastbfr’ame, 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 velocity.
Situations 1) and 2) are self explanatory. There will be no
change in the track position and velocity as computed in thé
last subframe processing. Situation 3) occurs when the
deviations Dy 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 depkending on the
tracking merit. When the tracking merit is good or fair,
the following equations will be used to correct the track’'s

position and velécity .

r Vp*alC;T’)(X)*az(‘?XE'D)ﬁfE) 12

1wl vl 1wl vl |

Vn=Vn_l+°<l<V_.]3)(z>n;2€xE.>((7iK 13
vl vl w1 /I \vana

where D= 5}( + ﬁy (choice described below),

]

a,, a, are positional smoothing constants,

described below,
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ayl s 0}’2 are velocity smoothing constants P

described below,

?P = Xp + Yp, predicted position used in corre-

lation of the subframe from which Dx and Dy are
chosen,
T = X + Y , present position,

-

=V=2X + in-l’ the last computed

Blt‘!

-1 n-1
velocity in miles per frame,

Vn = kn + in’ the present velocity in miles pe'r-
frame, and “
K a u.n_:i.t vector perpendicular to the X-Y plane.
There afe uﬁ to threé sets of Dy, Dy (from equation (4), one
from each subframe, along with associated distribution
indicators. Dy and Dy (whose sum is D) will be chosen from
one of the subframes as follows:
1) The data distribution associated with the chosen D _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 the tracking merit is "good," Dy and Dy;must lie in the

area bound by the following equations:

[V . Sl |V (/2 |[V] + 1) .
_ _ 1
and |V xk|. Dl =|¥] (V] + 1)

where the symbols have the same 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 reverté 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/
fraxhe) plus two miles. The Aother two sides are equal to a half
of above described quantity. If the radar return ffom which D
is derived does not fall within this rectangle, then this situation
reverts to type (3).

Equation 12 breaks down as follows:

V.D\ /V |
where (l{ﬂ; (h}l)is the component of D in the direction of the

VxK. ﬁ V x K\
last computed velocity, and\ |§| / |¥|/ is the component

of D in a direction perpendicular to the last computed velocity in
the horizontal plane. These are weighted in the sense that it is
more likely that the plane has changed direction rather than

increased or decreased its speed.
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Equation (13) can be similarly interpt'etéd.
The smoothing constants a 1» 3 , 9] and °}2 assume the
following values:

a] = 5/16 (1/16 - 15/16, 1/16)

ag = 9/16 (1/16 - 15/16, 1/16)
o) = 1/16 (1/16 - 15/16, 1/16)
oo = 1/4 (1/16 - 15/16, 1/16).

When the tracking merit is poor, a) is set equal to a 3 (9/16)
and % and®gy are set to 1/8. The equations (12) and (13) then

reduce to

=

=V +ad 10
p .

\ -l + 9D 11

and —V:n
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 T, and V;, determined by equations (10) and (11) or
(12) and (13), a new predicted pbsition is determined by eqﬁation
(7.
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