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The following notee discuse iu rather gsneral

& 3

wey in which theoy are to perform are of im arblirary natura, and ko
nethed cculd only result from rather extensive strdles. The general -
teristics of tho pyatem can be itenmized as Tellous:

1. Primary 1 rine ecud )
radar, sonar, te > devles
findinpn Information gethered b1 to
the comm ten. either a wO.’. aticell;
obsarvation and the .,e’rf“m-* ol indicatore

2. The computer on sach test grouvp wnilt accerie &
targetn and ifriendly ships and coripares peaitions
unite previously lmown %o exist. Appesrance of ok
unidontifled object is presented on a cpeciel
Information f{rom each e ju-‘mtinf' 18 correlatad
existing information to obtain the bheot ner positi
object alghted and to obtein some measwre of
this information.

3. The correlated information 1€

cominand vnlt where
overall pleture ocbtainas

1s § er‘rzrr_ltc‘f.

4. The command ship transmits bacl to each unit
Information sufiicient to ;lc sont Tqa best 1 :
besed on the informallion gethering faeilitic the
group.

5. Intercommuoiceticn betweon tani ;p wnlts . initiated and
carried out ..uto‘..&;,;\‘,l 'l_" undor ths contrel o!f tha compuhing
equipmerit 1)
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Limitad Digtributlon Memoranduvm L-2

THE SYSTEM:i Figure 1 illustrates tha type of Neval Tesk C(roy
boing discussed in this memorandum. Five surfece ships and cne alrcereft
are 1llustrated with two targets, one surfaece, and ore svbmersed, J1) 1
collect such information as they are able by the various methods noiec,
The computation and information syatem must make use of this total touy
information to the best possible advantage.

For simplicity, the control of comminications ie 1llustrataed
echelon basis whero tho command ship hes control of the commnication
and outlylng uniis transmit only on request. Computing ard radio ecvuiipmernt
in all units cen be identicel, and the commend functiorn cen be taker aver Iy
any other unit in the group aes the situatlon mey require, Transfer o tr:
command function in emorgencles could be autometie if desired. If ex

the transfer would depend on some criteria such &s leilure of commurlcatlon
the command ehip,

Flgure 2 illustrates a possible bloek diegram errangement o' g
computer and radio equipment to sccomplish the functione I1lustreteda :na
Figure 1, The stepping register illustrated ic normally e part of the inru

and output mechenism of the computer, but in this application might a’so senm
as a source cf sigrals for the radio transmitter and as a recsiver of siora
from the redio recoiver,

The stopping rerlster 1s provided with two additlonal digit positia
to be used ir the ldentification of call signals, computed orlers, enc b
distinction of taese two from numericsl velves. Assuning thai the computer
uses a sixteen binary digit number, the groups transmitted by raedic 1k
would consist of eighteen digito. All recelvirg units would monitor 11
migslions and & rocelvirg unit would take actlon only in response 4o iis

call letterse. The first two digits used for ldentifying end diletinguishing
call letters from other nimerical values would occur at the baginnirg 37 ca
number group. The communication system outlimed lmplies the ability 1o u
the dipits O and 1 eand to indlcete the beginnirg of a now numoer pgrou
Trensmission might be by throe distinet types cf trapsmitted sipnal o1 parhap

by the transmission of the digit 1 as a pulse with spacos for the dipit O and
with a longer space or & long pulse separating number groups., An eransl: o
the two-digit code preceding a number might be as follows:

A 00
B 0L
¢ 10
Thece combinetions might indicate the followin; information rugardinp th

digits that would appear in the stepping register. 00 might indicate tho
number in the repgister is an ordinary numericel value to be used by €!:
recelving corputer, The digits Cl mipght indicate that the stepping re:istor
contalns control instructions for the recelving camputer., Tha digits 10 In the
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licate that the 1e ter hold
one of the reacte conputero,

In the svetem illustrated, v one mesgage 1s be
at any piven time over the frequency nnal wsed by tha «
Other chennels are of course obvi : ible. On this e
syssen, all radio receivers monlior and receive all nessages

comunication band., The compvier as such takes no purt in atier
except when the Jigite 10 appear in the firet two positlone of the i
reglster followiny the transmission of a number. 10 10 irdicats
the stepping reglster containg a call number and thﬂ co st b
tinms oxemine the csll number io see ii it iz the undt ° J.ac £ 1
L1 letters do not corr %o the identification of 1] i
scal vnit is frae to o with whatever computati tbo L 2
Coerteir eell letters might indicate various groupiugs vhzralin
or all units mignt récelve a transmission.
In Pigura 2 ths norrel internal hiph-s f t r
is used as a buffer beiwsen computer opera "lo].-.:; 1:nk s
relatively s:impla systen of the type illusirets s mil
. of not more than a few hundred mmber groups, o
preferable becavse of the greater [lexibility ! 11nble 1 E
eyatem, L.T'w:,' cne type of "t(\"'g‘a is required ﬁ.ld t!‘lh storeg b
y moet urgent of the exdsling requirementec, that 1s, it may be uvael et
fer computing programa, at othar times for 1."‘1 'ﬂ,u'm.}‘ storsgy
conputer uge, and at other times may be usod & .
e for information relay purposes. Such a um islon is of courns
ervitrary and 1% be altered in light of detailed systen etud
(8)3)) Each ":\m'uu'i.. r righ r.'t_.'-‘:s pert or 4.l of
following ini to eac other viit or taxrpet i he viziriiy
1 x=goordinate of tarpet position.
2. in X~-position.
3 uget position,
4, [Error probebility in Y-porition.
5. f=coordinats of target positicn.
6. Error probebllity of Z~oocrdinate.
7. GComponent of target spoed in J~direction.
. 8, Cocuponent of 'L!;-';‘.". 3peod in I~direct ilm

J
|
9, Tarpet turn rate LU \ LAAON M_J
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10. Twn ecceleration of the target.

11, Tiwe of the last targot observation,
2. Ixigtence probability used to dlstingulsh nclse
from repeating signals,

1%, Tdentification, which may include in ona gtorzge
register indication of friemd or fce and target kind -
that 1, cubmarine, surface shlp, or aircraft

14. The group unit end detector making the first terget ccztacwh,

Information in the above fourteen entries would be used and
corrected for each new target observation made by a detector unit. 7The in-
formation in any computer unit represenis the best Informetion availsble bascc
on the detectors directly avallsble to that umit. In addition, the wnit will
receive from the commend ship the best informetior based on all information
avelleble in the task group.

. The computer system on any individual vnii of 1=z iesk grovp will
accept from its own detector systems information rlenever date i1s aweileblo,
This data will be correlated with ciher avemilgble irformstion end will be
tranemitted to the command rhip npon request. In the command ghi the
computer control pros—am will Ls so arranged that the computer will psriodicelly

at sufficiently {reqrout iatervels, intsrrogate eeck other unlt in the systen

at which ncint the ramote unlt will ¢ransmit all of the Information which it

norme 11y supplios.

Fritton or teletyps information might be readily handled or the
sexe systam using the computer merely as a switching mechaniem to tranafer @
lncoming mepsage from the radio receiver to one of the inpnt and cutpnt
devices of Figwe 2 where 1t may be visually oboerved., Also, eince the trant
nitting or command ship may, if desired, bave control of all internal storage
of the remote wnit computers, it is entirely possible that the contrelling
progrape in these computers can be altered from time to time as nscessary for
the tactlcel situation, For example, if a particular unit is to execute an
attack end 18 no longer noeded for correlation of incoming data, the computing
progran might, 1f the computer were heavily overloaded, be replacad by thoe
progran nacessary for steering of the ghip and for firing of wespous,

In order to mske available the best form of information for
presentatlon purposes, the computer might be expected to supply data in the
proper form for the presentation device. For example, the command skip in
thls illustration might transmit to the local unita the proper X, ¥, and Z

. cocrdinates of ell known tergets and unite in the ares Indlcating whether ther

—
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be frieadly or notl and transmartting elso information sbout thelr pnze
Learing, and the probsble ares in nhich targets aro leeated, Such 0

sentation as ls shown in Figwe 3 would be eelculeted by the local 2oupunts

b

based on the abeve informetion supplisd., The locsl computer would aead o

convert to coordinates with respect to the loeal ship epd trensmit det:
the proper form for use by the presentation mechanism, Ia Figuve 3 all
friendly wnita ere shosn ae dols on the surface of a cethode ray tube,

unfriendly mite ere chowe ae circles or ellipses imdicating the vazertaln

area within which the target may lie. On a1l units, the indicated line

the bearing of the undt arnd the length of the line indicates the spied of

unit. The indication types kers required are all availlable in a eathocs
tube which i3 arq:;-l.‘md by deflection voltages upon which are superliuposo
varying magnituvdes of simusoidsl voltages. Straight limes cenm bo raipronc

by sine voltager which are iz phase and of the proper 2&(".*1;1 ulo op 3azbh pais

of deflsction plates wvhile open figures, elther cirelez o ol
oented by the proper mamiiudes of voltages whish pra ©O t‘r_\[_; cez

Also, the copputer vnits ocan intercommunicato date tables asd othes

information Prom cne o the other, as for example, the sonar vertisal
correction table ghown in Figwre 4. This corrooticn teble might ko e

computed at the ccmmand shlp eftsr water temperature data hed besn obiainced
the new somar correction table tremsmitted te all wmlts uning soper datec
These wm!ts would then use the proper correction factors inm their dats em

The teble shown in Figure 4 is e functlon of two variables ard g*"‘n tho
correction in otaservod verticsl angle se & furction of the obwerved s gl
ths observed range. The computer would transmit the isfo\wnm‘.cn ghown 22
Figare 4 by trapemittiag the rwmorical valuea of the indfceted poinis o

owrves, Recolver unita would interpolate between these inforn a‘.‘c 1 -:-:~:‘ 3

required.

DAHAGE CONTROL. To inpure reliable operatlon of the computors
will be meoeppary that all signal trenexissions be checked., (ma wayr of ¢

LOra

y 1y

Vin

this would be tc tranomlit infermation ome regiater length st o tire to tho

raceiver unit which would then retranamlt to the semder for checking
If the rotransmitted signal checits, the trensmitter would ocor 'i-"‘m— ri }
naxt pumber group inm the nossege. Fallure to rocelve e check aite

T

ettsmpta cr fallure over a certeln time intervel wounid auntematd J Iy

on alarm signal. 1f interrogaticn by the command ship fails to reculve !
recponse fron a remote unit, the command ship rmight aubtomaticelly relsy
messages by woy of somo other unit in the task grouwp which migh% be more
favorabiy located., Suah facility might, for example, be dosirable if tb
group is sproncd Levond reliable commmication range.

EV/LUATION 07 DETECTOR INFORMATION. The primeiple problem fellln

to the computera illusirated in the various task group wmite of Figur
be the evaluation of data from somar, rader, visual sightings, otc
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shewn 18 poin eribed by the 3
thet at with radi to the 4 X 1 b o 5
the precislion of the ment, Aotualdly, in any completo correl
roblen, both the shay nd the pizn of t ] pattern wll
determined by the instrument doing the measvy: ] is ot

slse or precielon of the probability pa e posum

upen the radar set doipg the meesuring.

#iguvre 8 is a three-dimemsional view of two mecsvreme
target position and of the prcbable position derived from those
The probebility surfece ie a sort of hill about each mea:
detamined Ty tho precision of thal messurerent. "Tha

for detormining prcbable position as wero used in thi
'.f_",i:-_.c: ;3;‘0’_1.“_!:.‘_3 position lies on a2 atralght 1ina betr :

and has a precleion slightly higter than either

The probability patterm may be extended inensionre
seme mapne™ a8 to two dimensions :2d with the poss: " a diiferent
cieion In the third cocrdinate, 7T1:is memorandom wo-dirension
problem only,
The normal error curve sssumes e finito probelillity over the en
infinite area. Tor the purposes of this memorandw, | 1itiou leez o
. certein pro-assigned amount result in target rejection.

TIME EFFECTS. Targets nre In gemeral moving crd measvramepts o

‘their posi lon are not eimultaneous, Account » be teker of tha time
alapsing between the last fix and the present messurement tha probebi
notion of the a.."g'at mus3t be predicied. 4s tim a, the
precisiom of the fix on the target's position dec adege of

;:(-L-i:inn Jf_’n ars
ime slupeer
deersased
Thiz red

target's rates are less accurate than knowledgs cf
subject to comtrol of the target operator., I
fixes, information as to the target position wil
usefvl point, The targot has in effecl disappaearec
precision with passing time can be used in discrimi:
nolse signnla.

THE PROBLEM PROFOSED FOR SOLUTION.
studied are as followa:

2. Objects are represented ienl error curves

3, PFProcision of target position from several messuremant:
computad by the simple methods men

ho Tergeta are not assumed to oxdaet if = 111ty liee
. bulow a certain assumed minimvm, There io thua a maxin
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circle abcut each target position whare The turgst la
egoumad to lie. Considerstion of ihe matcihing ol ¢ targel
end a eigpel cen be done on the baslas of thoe interpeztlon
of thepe circles, Also, nolse sigral, destroyed teawrzelo,
end targots going out of range of the systen 3 3
when thelr probability ie reduced balow This nd

5. Targete closor together than the resclution of the radar are
congidered es lumped at the CG.

6. The number of torgets and the number of radars is wuritrary.
The problem can he extvended to include the following:

1. Three dimensions.

2. Other instruments than radar.

3. TPon-gymmetrical probebllity.

4. Hore exact probabllity computatica,

5. Detection and correction for unezpected set bias including
‘ throwing cut date frem improperly operating seis,

6. JAotomatic triangulstion.

T2e pttaclk on the problen is described in Figura 9 which ghows the
path of a moving target and the fixes obtained om that path. The terget is
pl-ked out at to in the upper center part of the drewing. The Pirst measured
position is plotted and the solid circle asbout this position represents the
precision of that fix obteined from knowledge of the rader whilch obtained it,
At t] anothor fix is cbtalned om the same target. By this time the precision
of the early flx has been reduced since the target may have moved apd there is
nc way to kaow in what direction 1t may have gone.

At t] a wew measured positlon is obtained, this time with a higher
precision radar giving a smsller precisionm circle. A4s a sturt on itho pre=
dictiom problem, the target is sssumed to have been moving om the line betwern
the twe fixes at the average speed expected for em airplane. This gives EP the
naw expected positlon at t7 of the target picked up at t,. The proclsion of
the expected position is asstmed to bo sbout the same as that of tie measured
positlion before the prediction was carried out. Ths probable position is now
computed, It lies on the lire between EP and MP for 13 ond is closer to the
measured positiom because of the higher precision of the radar which measured
this pesitlon, Also the precision of this mew fix, or probuble position, ds
assuned to be somewhat better than eilther of the two measvrecmenta Jrom which

o it was obtalned,

E———
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A new fix has been cvbiained and with it en
and spesd of the target. A¢ some time later, i3,
obteined once again with a .‘Ligh preclslon radar. ol pot g
extrapolated to g new EP, Using the old target path erd target voloeity, U
precision of the fix is decraasod quite radically because the target be ring
and rzte are still poorly kmown. The new prcbabla position »nd preecisicn ar
computed and the target bearing and rate corrected.

A% t4 a new measured position is obtained with a somewhal lower
precision radar than the laat t.wo fixes, The targeu roen.im ie extrapolats -
to the new ?‘D Its ;Idh-&u—-vn 1s Joduated But ol so .\u\u.LudJ—l-.!‘ a5 Dalc fB ba~

cause infomat.ion as to target bearing end rate have been scmewhat improved.
The new probable position and precision ere computed and the process ia con-
tinued. t, represents another fix by a redar of ebout the same quelily as tus
ty fix,

At t:; still another measure ls obtained, this time by arother high
precielon r « The result of the fix ie of quite high precision. The bearing
and rate of the terget are also feirly well known by this time, This process
ia continued as long as the radars can obtaln signals from the ta:ge*

Centered about the last pa-oba'bla position 15 & dashed ecirecle marked -~ "minimm
probability cirecle". This is the circle descrived above within whicl; the

. target is absolutely assumed to be. Auy signzls whose minimum probability
circles lie outside of this one are assumed to have nc effect upon the positicn
of this target.

Meo showm on Figure 9 are two other sigmals assumed to have been
obtained at to. The ome om the left is a noise signal which was picked up
at t,. 48 time proceeds to 17, fp etc., the presisiom of the fix obtalned Ia
daerasasd uwtil finally beyond ¢, the precislon i1s assumed to have reeched below
that minimum assumed for existing targets. As time proceeds the precisiom of
the fix decroases,

Also shown is a fix obtained on a stetionary targat.o The first fix
9 is rather poor but as fixes are obtained at times t3, t2, and so om, the
precision of the fix increases. The slzes of the pro‘babil_‘lgy circle shomn
for this target and the nolse signal are not at all to ecale,

T/RGET SELECTION: Ome of the main problems in the correslatiom is
to determine those targets which are neer erough to an incoming signel so
that the signal may be coneidered as a mew fix upon thelr position, If there
are many targets and they are all checked, this oproblem becomes one of con-
siderable magnitude, the amount of computing varying about as the equare of the
mmber of targets., It is desirsble, therefore, not Yo examine all tergels but
only those targets which are reasonably close to the incoming eignele., Since
the targets are continuously moving, this problem is not an esasy cne. There
are many possibilitles, ome of which will be deseribed here.

LASSIFIED
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Ldmited Disirdibutic:

ibe YXecocr the eniive-a
sectlonn, thua ii\id* rep iato n number of aorth
conotant sim th, The tergets are disiributed Ocat ta
Flgure 10 shows e emall pari of ths - 2 i (
in each slice will be relatively fow, 'The X-coerdinate of thae
consldered can be used ag in intr\rp:;f atlon %o select the slice
the targets lo be comsidered are locitod. The drewlne eho 4
There would ectually % ramn, roscivsy WliT¥iy~iwo or so, dependin

ntubeof tergets to be considered,

1 If a sufficient soction of storage 1s to be allc scated to st
posaible targets using this slice ..m‘Lhcd, then an anount of shorags equal
the product of the mumber of nlicus times the meximuv expacted m u oor of
targets per slic. will be required, It would furither he necegsary teo ke
track of the mumber of tergets in each slico, The total smount of ator
might be excessive, A more econsulcel method is To rul all targeta in z zingls
tabls in order of thelr Y-coordinates without regerd tc what alice they
in. Then, allow cnly one storag: reglster per slice and in that rogist
the register number in the target table of the lef%t-most tavrget im tha as
Hereaftor, the table of the left-most ierget in the area ~licos will
Steck 1, while the table of all tarpets in X-coordinate order will be
Stack 2.

The procedure for eelunting thoso targe

m
H
™
[
~+
i
e
[
-
o
[)
3
=]
-
o
3

follows:

1. Determine what slice the 1ncouing signal ia in, wsing an
internolaticn proesdure,
D7 AK

2. Extract frcm B34e+ 1, the register nunber in Je.c‘ih < whih holda
the code for that target. Then go to Stack 2, extract the ccle number. end
chack on that target. After checking that 'arget, chack the nfrr.i. one to the
right which will also be the rext one in Stick 2; contimue wntil that “arged
is reached whose X-cocrdipal: is greeter thean the coordimnte of vhe siguoal.
It will acotually bs necessaiy to decrease the sigpal'g X-coordinste sii
gelecting the area slice in case the probability cirele of the slfml crorses a
demarcation line between two elices. In thin case the left-hend s'ice is takwm
and the selection urocedure in Stack 2 will cieck all targets wntil ore i
reached whose X-coordinate 1z beyond that of the signal,

The prica to be peld for e system stch ap'this le the exiza n

of keeping the Stacka 1 n d 2 in order, B ary time a target moves, Stecke 1
and 2 must be examined {0 meke sure that thsey have not either crosaed the pet
of another target or movad into another glice. This p:rica soems wo.! 1 wor thvhile
in view of the great saving ir scanping tim:. HNote thet it is mot vecsisary
to scan all targets in the slice but only those lylmg betweon the Lol ve
of the sllice and the sismal.

LUNCLASSIFIED
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FROBLEN SCLUTION. Tiguie 11 showus

radar correlation ;r.rbL;-':;. I conmints of two pr
used whepever a signel comos in from any of The Te !
fird if the signal -._p)i‘C‘BDuud a raw target or sa old ona
an old targat, ths larpel pupiiion and range are woddlisd
the new information. The Target Yoss Progrem is cerried on
are not being computed, Iis purpose is to check on tha tiw
a fix was obtained on ezch target. If the probabllity ¢
below & pre~aseigned minimm, the target is droppad.

The first box in the Signel Program takes R and
radar, corrects for cny kmown set errors end tranaforms osition to I,
position coordinates. The probability is attached cccording to ths mow
choractoristies of the redar cbtelning the sigual,

The second box sclects the area slice for targe .rr._<;.1 on as
described sbove, The third box extracts targsta from 53 : 3 i
to find out 1f they 1ie within the probability circle of :
index i3 kept which t9lls vhether a match has been cbtalned und, 1_‘ .-o, he
many. The third box examines the index ard transfers the ccmirol to a diff
set of operations, depending .o how many mztches have been obtainad,

If there were no muiches between slgpal and existing terzel, tie
signal is presumed to reprecont e new target. Then its pos’tion and proiability
are sent to the nmew target plot and to the main plot,

If there 1s a meich, a check is made to see whe ‘h'z‘ thers is eractil
one or more, If there is onn mateh only, the new signal ie prasumed to cdd
informetion to the previous {ix om that target. The new vrobable -esitlicn cf
the target and the probebility of that positidn are computel. Cerrections ern
made to the stored rates for that terget. The new target informeticn is then
sot for the msin plot.

If the new eslgnal natched with more then ome wdsting target, the
targets are too closu for the resolution of the radar. ractlon 18 made T
computing the expected position of the CG of the target in questioa, comperin
taet with the measured ros._tion obtuined from the radar, correciln: “he (T
position according to the probability and then apportioning this correctloa bto
the sevarael hargots according to the precision of thelr £ix, The corrected
J \formetion i3 then semt to plot for all the targate. ALl necescary work
ow been done on this signal snd the computer cam return o other duties,

)

iIn the Target Loes Program, the tergets are takem ome by one, The
c. the jast fix 1s stored with each target. FPresent tima ic obtained by re
scme master clock. The elapsed time since the lest fix is vsed to dacrease 1
stored probability of the target position. The mext box chockz ca the
probability remaining for that target fix. If the target hums beea lost, the
informetion 1s sent to the plotting board amd the torgst ls renovad from
Stacke 1 and 2., All targe';;a are checked in turn. 1If e signal arrlves duricy
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the couras of the Tax &L',’.'. Lose ogz

until the signal hes been o 1 for, The computer the

target losa examipetlica et the point where it stopped

The flow diagrem for this problem has beem cerried oub
greetsr detall then shown in Figure 11, but the complete oc
bas not been done, Estimation irom the detailed flow dlag
about 450 orders ere recuired for both the Sigmal Frogram =
Problem, Of these, slmost 400 ere required for the Sigpal

it is not necessary to go through the emtire 400 orders of the

Signal Program for esch signel coming in. On the average, assumive ot mor
than three targets im an average slice, and this sstimate seeme high, a tot

of 7300 orders is required for each aignal. Fstimated information or
problen is given below:

Total crders required 450
Average operalions per sienal in 300

Average computing time per signal in (WWI) 6 milligeconds

. Data storage required irrespective cof
targete and radar 100 registera
Storage reguired per target 12
Storage required per radar 3

The total time and capacity required for a problem ccmeisting of
a maximmm of fifty tergets and tem radar sets 1a as follows:
The sets are assumed to have an averape sweep period of tem secornds,

Storage capecity required for targeis 600 reglsters
: Storage capacity required for radars 30 regieters
Storags capeclty required for deta 100 regletera
Storage capacity required for orders 450 reglsters

1180 raglaters
Time required 300 milliseconds per second

This problem requires romghly one-half the storage capacity and
one-third the operating time of WWI,
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