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The following notes discuss in rather genarul terra soae poasibili 
in the crrangosient and use of high-speed digital computers for the cna^yeir. 
evaluation and intercommunication of inforrantioa in en enti-submarine navel 
group- Most decisions relating to the nothed of intercennecting systanp end 
the -say in which they are to perform are of rm arbitrary naturo,, and the beat 
method could only rosult from rathsr extensive studied. The fonorai aba! 
torlstics of tho system can be itetrizsd as follovai 

1. Primary information gathering equipment exists as for examp , 
radar, aonar, listening devices, visual sighting, radio direct 
findingo, etc Information gathered by these method* la fed to 
the computing system- either automatically at after mat.ual 
observation and the setting o;? indicators, 

2. The conputer on eacli tost group unit accept a data on observed 
targets and friendly ehipo and cenparos positions with all 
units previously known to exist. Appearance of a nan target or 
unidentified object is presented on a apodal displeyo 
Information from each sighting is oorralated vita all provides 
existing information to obtain the best new position for the 
object sightod and to obtain some measure of tho accuracy of 
this information. 

3. The correlated information from each ship :'.s transmitted to the 
command unit where farther correlation is executed an:?, the b, 
overall picture obtainable is generated,: 

4» The command ship transmits back to each unit of the group 
information sufficient to present the beat ploture avallabla 
based on the information gathering faciiitien of the entire 1 
group. 

Intercommunication betwoon tank group units is initiated and 
carried out autqmatleally undor tha control of the computing 
equipment, U N a A o S l F I E D 
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THE SYSTEMt Figure 1 illustrates tho type of Naval Teak Croup 
being discussed In tbla memorandum. Five mirft:eo ships and one aircraft 
are illustrated uitb two targets, one surface, and ore subir'5rg<sdt All tmlti 
collect, such inforJiation as they are able by the various methods note*.. 
The computation and information system must make use of thi3 total body of 
information to the best possible advantage. 

For simplicity, tha control of communications ie illustrated on an 
echelon baaie vhero tho command ship has control of the cemnunicat.icn channel 
and outlying units transmit only on request. Computing w.d radio ec-jipmeivfc 
in all units can be identical, and the command function can be taker over by 
any other unit i_i the group as the situation may require. Transfer of the 
command function in emergencies could be automatic if desired. If automatio, 
the transfer would depond on some criteria such as failure of commutl< ation a" 
the command chip. 

Figure 2 illustrates a possible blocV diagram arrangement of a 
computer and radio equipment to accomplish the functione illustrated in 
Figure 1. The stepping register illustrated ic normally a part of tho input 
and output mechanism of the computer, but in this application might aT'3o serv; 
as a source cf signals for the radio transmitter and as a receiver of sl<?cale 
from the radio racoiver. 

The stopping ref-ister is provided with two additional digit positions; 
to be used ir the identification of call signals, computed oriers, pnc the 
distinction cf these two from numerical values. Aeauminf that, the computer 
uses a sixteen binary digit number, the groups transmitted by radio link 
would consist of eighteen digits. All receiving units would raonitoi til trans­
missions and a recelvir.g unio would take action only in response to its o>;n 
call letters. The first two digits used for identifying end distinguishing 
call letters from other numerical values would oocur at the beginnirg of each 
number group. The communication system outlined implies the Ability to tva&si it 
the digits 0 and 1 and to indicate the beginning of a now number prcu] ••. 
Transmission might be by three distinct types cf transmitted signal or perhaps 
by the transmission of the digit 1 as a pulse with upucep for the dig} t 0 and 
with a longer epace or a long pulse separating number groups. An — p l < o;. 
the two-digit code preceding a number might be as follows: 

A 00 

B 01 

C 10 

These combinations might indicate the following information r-jgarding the 
digits that would appear in the stepping register. 00 might indicate that tht. 
number in the register is an ordinary numerical value to be used by tt3 
receiving socputsr. The digits 01 might indicate that the atapping rtriater 
contains control instructions for the receiving computer. Tha diRitn 10 In the 
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f i r s t two pliicee cf t h e r e g i s t e r might ind ica te t ha t tho r eg i s t e r holds c a l l 
l e t t e r s tc i n i t i a t e a communication with one of the r e se t s eeaputersi 

In the system i l l u s t r a t e d , only one message i s heir:- t ransmi t ted 
a t any given time over the frequency channel used by the combined system. 
Other channels a re of course obviously poss ib le . On t h i s s ingle trsmsmisEion 
system, a l l radio r ece ive r s monitor and receive a l l Messages on tho 
corwiunication band* The computer a s such takes no ptirt in t h i s operat ion 
except when the d i g i t s 10 appear in the f i r s t two posi t ions of the stepping 
r e g i s t e r followinf t h e transmission of a number. Tho d i g i t s 10 ind ica t e t h a t 
the stepping r e g i s t e r contains a c a l l number and the computer must a t t h a t 
tira» oxemine the c a l l number t o see i f i t iB the uni t being ca l l ed . I f ths 
c a l l l e t t e r s do not correspond to the iden t i f i ca t ion of the loca l un i t , the 
l o c a l uni t i s frae t o oontinue with whatever computation night bo ill progress 
Certain c a l l l e t t e r s might ind ica te various groupings of u r i t i when 
or a l l un i t s might r ece ive a t ransmiss ion. 

In Figure 2 the normal i n t e r n a l high-speed storage of the eoaputsr 
i s used as a buffer between computer operations and tho rwiic l i n k , / o r E 
r e l a t i ve ly arinpla system of the type i l l u s t r a t e d where mestafes Trill 005 
of not more than a few hundred number groups, t h i s type of storage nsy be 
preferable bucavse of the grea ter f l e x i b i l i t y which I s avai lable . • $ such a 
system, only one type of s torage i s required and t h i s storage may bo '.sod for 
tho most urgent of t h e ex i s t i ng requirements, t h a t i s , i t may be U3oi e.t ona 
time for computing programs, a t othsr times for the in t e rna l storage of data 
for computer uso, and at o ther times cay be usod predominately as a buffer 
storage for information r e l ay purposes. Such a decision i s of counts 
a rb i t r a ry aad might b e a l t e r ed in l i g h t of de ta i led iiyston s tud ie s , 

OPgtATICN OF SYSTEM: Each computer night s tore pa r t or a l l of the 
following information r e l a t i n g to each other un i t or target, i s t he tdLcirlty, 

1 . X-coordinate of t a r g e t pos i t ion . 

2 . Error p r o b a b i l i t y in X-poeition. 

3 . A-coordlnate of t a r g e t pos i t i on . 

4.. Error p robab i l i ty in X-pocition, 

5o Z-coordinate of t a r g e t pos i t i on . 

6 , Error p r o b a b i l i t y of Z-coordinate. 

7 . Component of t a r g e t spood in X-direct ion. 

8 . Component of t a rge t apeod in ^-direction. , 

9 . Target turn r a t e . UNCLASSIFIED 
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10, Turn acceleration of the target, 

11. Time of the last target observation. 

12, Existence probability usod to distinguish noise 
from repeating signals. 

13. Identification, which may include in ona storage 
register indication of friend or fee and target kind -
that is, submarine, Burfnce Bhlp, or aircraft, 

H . The group unit and detector making the first target contaot. 

Information in the above fourteen entries would be used and 
corrected for each new target observation made by a detector unite The in­
formation in any computer unit represents the best information availrble baser; 
on the detectors directly available to that unit. In addition, the unit irlll 
receive from the commend ship the best information based on all Information 
available in the task group. 

The computer syBtem on any individual (Bit of. IkrXtmk group will 
aocept from its own detector systems laforaatlos r.^never data its ave.ilablo. 
This data will be correlated with ether available information end will be 
transmitted to the command ^hip upon request. In the command ship, the 
computer control pronr&B will ba so arranged that the computer will periodically, 
at sufficiently frsquont intervals, interrogate each other unit in the syiitem 
at whioh rscint the remote unit will transmit all of the information v'.iich it 
normplly supplies. 

Written or telotypo information might be readily handled or. the 
saiie system using the coraputor merely as a switching meohamea to tr&nsfer the 
incoming mep3ag« from the radio receiver to one of the input and output 
devices of Hgure 2 where it may be visually oboorved. Also, ein?e the trans* 
witting or commend ship may, if desired, have control of all internal storage 
of the remote unit computers, it is entirely possible that the controlling 
programs in these computers can be altered from time to time as necessary for 
the t&ctloal cltuation. For example, if a particular unit la to execute an 
attack and Is no longer needed for correlation of incoming data, the computing 
program might, if the computer were heavily overloaded, be replaced by tho 
program necessaiy for steering of the ship and for firing of -jeapono. 

In order to make available the best form of information for 
presentation purposes, the computer might be expected to supply data in tho 
proper form for the presentation device. For example, the oommand ship in 
this illustration might transmit to the local unita the proper I, X, and Z 
coordinates of all known targets and unite in the area indicating whether thef 

IED 
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be friandly or not antf transmitting also information about timir ap 
tearing, and tnu probable are* in which targets aro looat*d< Svah t pre" 
seatation as lo shown in Figure 3 would bo calculated by ths local joaputar 
based on the abevu information supplied. The looal computer uould need to 
convert to coordinates \»ith respect to the local ship and transmit iJats. in 
the proper form fer use by the presentation mechania'S. In Figure 3 all 
friendly units ere shown as dots on the surfaco of a cathode ray tuba, All 
unfriendly unite ere shown as circles or ellipses indicating tha uncertain 
area within which the target nay lie. On all units, the indioated line shows 
the bearing of th€> unit and the length of the line iadieatos tha spied of the 
unit* The indication typee here required are all available in a cathode ray 
tube which is npplivB by deflection voltages upon which aro auperi'sposed 
varying magnitude;, of sinusoidal voltages * Straight linos ceil bo r»p reseated 
by sine voltager whioh are in phase end of the proper magnitude or. seah pair 
of deflection plates ehlle open figures, either circloa or ellip xa pre 
seated by the proper ItagBitudea of voltages which era 90 degrees oa; of phi 

Also, the computer vnita oaa interooramuaicato data tabloa aad othe:* 
information froir. cne to the ether, as for example, the Doner vorti»il angle 
correotion tabic ehovm in figure Ut This correction table might ba aitcmut" 
computed at ;he ocamani ship aftsr water temperature data had been obtained 
the new sonar ccrraction table transmitted bo all units ursinr sonar ditectorv 
These unltB nould then us 9 the proper correotion factors In their data train 
Tha table ahowa in Flgare 4 is a function of two variable,? aril givea tho 
correction in ocaervod vertical angle as a function of tho observed a">gle and 
the observed range. The oompvtar would transmit the information snowa In 
Figure 4 by transmitting the numorical values of the indicated points en tho 
ourvos. Reeolver unita would interpolate betwoen thoBe information points aa 
required. 

DAHAGS COyjR^L. To insure reliable operation of tho ooinput'jrB, it 
will be neoensary that all signal transmissions be checked. One way of dola* 
this would bo tc transmit laferaatioa one register length at t\ time to tho 
receiver unit which would then retransmit to the sender for checking ytrpoBS* 
If the retransmitted signal checks, the transmitter would oortinue tilth tbs 
naxt number group in tha BOB sage c. Failure to rooeivo a checit a£ter B-SVOJ-OI 
attempts or failure over a. cartain time interval would automatically turn in 
on alarm signals If interrogation by the command ship fails to retail;t> a 
response frori a remote unit, the command ship night autoeKiticplly roliy 
messages by way of soma other unit in the task group which Bight be mart 
favorably looatod. Such facility might, for example,, be desirable if the 
group is aproud :>evoiid reliable communication range 0 

EVALUATION 0:-f DETECTOR INFORMATION. The principle problam .ailing 
to the computers illustrated in the various task group units of Figuri 1 will 
be tho evaluation of data from sonar, radar, visual aightingSj otc, 
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it JnOcj-Batioi, "se as r©3i 
characteristics and oircunstasoea regarding the dote 
incorporated in the date evaluation. For eaaarole,. the computer 
available computing pro^raM. and Btored inforaetion regarding kn< 
corrections to data coming frca each detector unit. For example, ris&lign-
msnt oi a i-̂ dar ".ntannp right canoe an error in the bearing angle obsei 
Primary data should first be corroctsd for thesa knoaa saber atic err a 
After all baron systematic errors have been cerrcet&d, there remain 
unknown accidental errors thai may be present in the individual raiding of 
the equipaont. These accidental errors will depend upon the sensitivity of 
the detector equipment, upon the operator, and the "rind of relay equip 
between a detector unit and the cocputer. In order that oht »r7ei.i;p. from 
different types of detector systems, for ssatiple, aeeroh i-ac'-ir e.n;i fire 
control radar, nay be properly correlated and the bsst avail able infoxi 
extracted from th3 data, some Indication of probabl« aooun 
data evaluation. 

The fora of error distribution curve aaauted for -ibis I dtan is 
called the normal error curve several of which are ihoen along with their 
equation in Figure 5. Xhe choice is arbitrary. Other euro a cci-'L• be i i 
acre suited to the data being correlated. The norm?l error curve is d«sci' 
by a single constant, the precision "h". Also show* in Figvre 5 i" the 
Probable Error Thich is a quantity such that one half the -Krors of the 
measurements are greater than it and the other ha?S lass thtn it. Eot: 
precision e:id the Probable Error are used ia this correlation stndy. ?he 
higher the precision, the higher will be the curvo, and the nt3opa^ will be 
its sides. 

Figure 6 shows hoy t»o or more measurements of the sane quantity 
Kay be conbined, tho meet probable value discovered and the precision of that 
value computed. Shown are two measurements of the ease quantity• H 
measurement <3 have different precisions. The meaeiuMEonts are weighted ficcor Jn;: 
to the squares of these precisions and the most probable value la oloeer to 
measurement mita the higher precision. The precision of thia derived re 
is somewhat great ar than the precisians of eitfrjr of the aeesur sing 
into it. 

The aoriaal error curva may be extended to mere then one dimension. 
Figure 7 shows a 3hip viewing tiro radar targets which must be described by 
tuo coordinates. In general, the precision of the measurement ic different 
alon* the coordinates. The left-hand target in Figure 7 is aca8U"-*-!d wH 
different precision in rsnge and bearing. The contour lines: shoving target 
position probability are shown as ellipses altbou|£i mere eta icily ihe inajor 
axis of each ellipse should be the r»rc of a circle. This representation fox 
tiso-diawnaioaal target position probability leads to vory complicated SOlutJ 
For the purposes of this study, therefore, the precision of a EeaiTromont is 
aeamed to be symmetrical as shown in the right-hand target :ln Figure 7. The 
probability surfaoo is simply a eur.Cace of revolution format by the noraal 
error curve, For the rest of this Memorandum a target crencirament will be 
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shown 'ay tie point described by the ffieasuremont and a aing ut 
thtit poiat with radius eq«&l to the probable) error, Thin c:'.rcl© desicr.'.' 
the precision of the measurement, Aotually, in any eoapleto corral-.t ion 
probleas both tba shape and the siz;» of the probability pattern will bo 
determined by the instrument doing the measuring. In this study, only the 
siao or prscisioa of the probability pattert. will be assumed to be cependca' 
upon the radar sot doing the measuring. 

?igure 8 is a three-dimensional view of two measurements of a 
target position and of the prcbable position derived from those swasurements,. 
The probability surface is a eort of M i l about each uioanurfmoat of height 
determined by tho precision of that meaeureiront , The pane equation: are used 
for determining ihe prcbable; position as w n used in tho cae-diHon:i<;:aal i 
The prob?.bla position lies on a straight lite between thf' ts» s-^aauied pos:' 
and has a precision slightly hlgfctr thar. either of them, 

The probability pattern raay be extended to three diuensiore in tho 
same manner as to two dimensions tad with the possibility of a different pre-
cision in the third coordinate, Ills memorandum considers s> ^c-diircnsioaal 
problem only. 

The normal error curve (issumes a finite probability ovey the entire 
infinite area. For the purposes of this memoranoun, probabllltlee less -
certain pro-assigned amount result in target rejection. 

'+'IME EFFECTS. Targets tfi in general moving cxd rieasureaflnts of 
their posi-oion era not sinultaaeems. Account nurt be takw o.** tho vime 
elapsing between the left fix and the present aee.sur'ament, rnd tho probablr. 
motion of the target must be predicted. As tiiao passes, thtrofero, the 
precision of the fix on tho target's poeiticn decreases since lcrorflad̂ e of tho 
target's rates are less accurate than knowledge cf its position and are also 
subject to control of the target operator. If ecougb tine elapses betweea 
fixes, information as to the target position will have decreased baler the 
useful point. The targat has in effect disappeared. This reduction of 
precision uith passing tl»e can be usod in discriminating apaiast osie-tinw or 
noiso signals. 

THE PROBMa PSQFOSED FOR SOLuTIOH. BestrlctSorr on the problems 
studied aro as follows: 

1, 0b.1eot3 are considered ia tiro diaer«.'ons only. 

2* Objects are represented by syiraetricnl on*or curves. 

3. Precision of target position froa several meesuremants is 
coiaoutad by the simple methods mentioned above, 

4, Te5'gat3 are not assumed to oxiBt if :heir probability lie? 
bolou a certain assumed minimum. There is thus a mtodirum 
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circle abcut each target position where the tr.i-gst in 
assumed to lie. Consideration of the matching of «; target 
end a signal CUB. be done on tho basis of thu intersection 
of thane circles. Also, noise signal, destroyed targets, 
end tar£ots going out of range of the systen are removed 
when their probs.bility ie reduced below this rdnipn;a point. 

5» Target? closor together than the resolution of the radar are 
considered ec lumped at the C C 

6C The number of targets and the number of radarr ±3 erbibrary. 

The jji-uoivaa c&» 5JO extenaed to include the following: 

1. Three dimensions. 

20 Other inatruHocts than radar. 

3» Eon-symmetrical probability. 

4o More exact probability computation. 

5o Detection and correction for unexpected set bias including 
throwing out data from improperly operating sots, 

6, Automatic triangulation. 

The attack on the problem is described in Figure 9 which shows the 
path of a saving target and th6 fixes obtained on that path.. Tho target is 
picked out at to In the upper center part of the drawing* The first measured 
position is plotted and the solid circle about this position represents the 
precision of that fix obtained from knowledge of the radar whish obtained it„ 
At tj_ anothsr fix is obtained on the sam9 target. By thin timo ths precision 
of the oarly fix has been reduced since the target may have noved m d there is 
no way to kiow in what direction It may have gone. 

At t\ a s*ew measured position is obtained „ this time with a higher 
precision radar giving a smaller precision circle, As a start on oho pre­
diction problem, the target is assumed to have been moving on the? liae between 
the two fixes at the average speed expected for an airplane- This gives EP the 
new expected position at tx of the target picked up at t0„ The procision of 
the expected position is assumed to bo about the same as that of the measured 
position before the prediction was carried out. The probablo petition is no;; 
computed. It Ilea on the line between EP and HP for t^ end is closer to the 
measured position because of the higher precision of the radar whioh neasured 
this position, Also the precision of this new fix, or probablo position, is 
aosined to he somewhat better than either of the twe measurements :?rom ?rhich 
it was obtained. 

!CLAr ED 
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A new fix has been obtained and with it an estimate of the bearing 
and speed of the target. A-t B O M time later, tj, a new meaevsrod jxisition is 
obtained once again with a high precision radar. The target position la 
extrapolated to a new EP. Using the old target path and target velocity., tbt 
precision o- the fix ie decreased quite radically because the target bearing 
and rate aro still poorly known• The new probable position 'aid precision ar-: 
computed and the target bearing and rate corrected., 

At to a new measured position is obtained with a somewhat lower 
precision radar than the last two fixes. The target position is extrapolate^" 
to *h^ =er EP. Its pr;.Iol-„ io -JUUCOU bui, av'%, JO radiuttil^ as ooxore be~ 
cause inforoation as to target bearing and rate have been scinewhat iriprovado 
The new probable position and precision ere computed and the prccets is con­
tinued, t^ represents another fix by a radar of about the same quality as the 
t3 fix. 

At tc still another measure is obtained, this time by another high 
precision radar. The result of the fix is of quite high precision. The bearing 
and rate of the target are also fairly well known by this time. This process 
is continued as long as the radars can obtain signals from the target. 
Centered about the last probable position i3 a dashed circle marked - "s>inihT:m 
probability circle". This is the circle described above within which the 
target is absolutely assumed to be. Any signals vhoso minimum probability 
circles lie outside of this one are assumed to have no effect upon the position 
of this target. 

Also shown on Figure 9 are two other signals assumed to have been 
obtained at t0, The cue on the left is a noise signal which was picked up 
at t0. As time proceeds to tj_, tg etc., the precision of the fix obtained is 
decreased until finally beyond tj the precision is assumed to have reached below 
that minimum assumed for existing targets. As time proceeds the precision of 
the fix decreases. 

Also shown is a fix obtained on a stationary target. The first fix 
is rather poor but as fises are obtained at time? t^, t2, to and so on, the 
precision of the fix increases. The sizes of the probability circle shown 
for this target and the noise signal are not at all to scale. 

TARGET SELECTION; One of the main problems in the correlation is 
to determine those targets which are near enough to on Incoming sipntl so 
that the signal may be considered as a new fix upon their position. If there 
are many targets and they are all checked, this problem becomes one of con­
siderable magnitude, the amount of computing varying about as the square of the 
number of targets. It is desirable, therefore, not to examine all targets but 
only those targets which are reasonably close to the Incoming signals0 Since 
the targets are continuously moving, this problem is not an easy one. T,)ere 
are many possibilities, one of which will be described here. 
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X-cccrd:lnate of the aa-iivo arsa bair.g no 
seotionn, tfcua dividing the area into a number of north-3oiith atrip* 
constant -width. The targets arc distributed as they ooasr In these slices. 
Figure 10 sho^s a small pari of ths dlvidad total area. The nnabar cf target9 
in each slico will be relatively few. 'Ihs X-coordinate of the signal 1 
considered can be used as la Interpolate on to select the area slice in which 
the targets to be considered are located,, The drewiv'w °h~— eight *iioea only. 
There would actually _v«_ jeem». poeatt&T >inrty-twb"or so, depending upon the 
ma&MVTSt "targets to be considered,. 

^ If a sufficient section of storage is to on allocated to store all 
possible targets using this slice method, then on suount o:" storage equal to 
the produot of 'the number of aliens times the maximum oxpscted nutibor of 
targets par slicj will be required It would further be necessary tc keep 
track of the number of targets ir; each slice. The total amount of storage 
might be excessive. A more ecomBicpl method is to put all targets in a aingls 
table in order of their X-coordinrtor. without regard tc what slice they may b» 
in. Then, allow only one storage register per slice aaO In that register stcre 
the register number in the target table of the left-most target in the areac 
Hereafter, the table of the left-most target in the area ^licos will be calle.i 
Stack 1, while the table of all targets in X-coordinute ardor will be called 
Stack 2. 

The procedure for seluotlng thoso target^ to bo examined., i? as 
follows: 

1. Determine ihat sLIca the incoming signal is In, using an 
interpolation procedure. 

2. Extract frcm S-lic* 1, the register number in Ctack 1 »hitd» holds 
the code for that target. Then go tc Stack 2, extract the oodo number, cud 
chick on that target. After checking that 'aiget, chack the nrat one to the 
right which rill also be tho /.ext one in St.\ck 2; continue until tliat target 
is reached whose X-coordiDatc is greater than the coordinate of the signal. 
It will actually be necessaiy to decrease tba signal's X-ecordinsta slightly ?JJ 
selecting the area slico in case the probability circle of tbo signal eroeeea a 
demarcation line between two slices. In thin case the left-hand s.'.ico is takra 
and the selection procedure in Stack 2 will caeck all targets unti'. or*e is 
reached whose X-coordinute la beyond that of the signal. 

The price to bf paid for a system erich 'air thi6 is the ex;; » necessity 
of keeping the Staoka 1 i-rnd 2 In order. Every timo a target moves, Staekr. 1 
and 2 must be examined to make sure that they have not either oi*06ue« the path 
of another target or mov.sd into another sli'ie. This price soemo *eC 1 -'or thwh i lo 
in view of the great earing in scanning tlBO. Soto that it is not oectsaerr 
to. scan all targets in the slice but only ti:ose lying tetweon tho h ft e.'.ge 
of the slice and tho sisnal. 
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PRQBLSM SOUTH OK. Figar* 11 shows the general flow 
radar correlation problem. It ccnsiBts of two ptrte: tha Signal Pro 
used whenever a signal eomoo in from any of the radaro. Its purj-ose is to 
find if the signal represents a roar target or an old ona. if it rspreBenta 
an o!M target, tha tavgfet puuiliow nnd range are modified to take *ccov.nt oi 
the nev information. The "arget Loss Program is carried on nhoncrJr nigral? 
are not being computed,, I\-c purpose is to cheek on the tiaa elap3ing since 
a fiat was obtained on eeoh target. If the probability for any target drcpo 
bo3.ow a pre-asslgned minimum, the target is dropped. 

The first box in the Signal Program takes R and 6 data treat the 
radar, corrects for on/ fcnora cat orrors and transforms the position to X, Y 
position coordinates. The probability is attached liccordiing to ta* known 
chcraet3ristios of the rcd«r obtaining the signal. 

The second box solects the area slice for targo^ comparison as 
described above. The third box extracts targets from Stack 2 and axaainsB thsa 
to find out if they lie xrithio the probability circle of the new signal, 
index is kept which tells tihether a match hae been obtained and, If so, hor 
many. The third box examinee the index and transfers tha control to a diff 
set of operations, depending ;n how many mctches have been obtain>i. 

If there were no nt.tcheB between signal and existing target, the 
signal in presumed to reprooont a new target. Then its position and probability 
are sent to the new target p'.'.ot and to the main plot. 

If there is a match, a check is made to see whether thera is eracily 
one or sore. If there ie cno match only, the new signal is prasvnisd to c.dd 
information to the previous ilx. on that target. The new probable r>ositicn cf 
thf> target and the probability of that position ere compute-. Ccrceotions ere 
mada to the stored rater for that target. Th3 new target information is then 
set for the main plot. 

If the new signal matched with more than one agisting target, the 
targets are too clos^ for the resolution of the radar. Correction is made by 
computing the expeuted position of the CG of the target in qaastiai, comparing 
that with the measured position obtained from the radar, coiTectinj .he ST 
position according to the probability and then apportioning this correction to 
the sevaral targets according to the precision of their fix., The covreoted 
iTiformation is then sent to plot for all the targets. All necessary work hsn 
now been done on this 3ignal and the computer ca*\ return to other duties. 

In the Target LOBS Program, tha targets are tâ cen one by one. The oiue 
c: the last fix is stored with each target. Present tiaa is obtained by reeding 
some master clock. The elapsed time since the last fix in used to decrease the 
stored probability of the target position. The next box chocks on the 
probability remaining for that target fix. If the target htiB been lost, the 
information is sent to the plotting board and the target is removed from 
Stacks 1 and 2. All targets are checked in turn„ If a signal arrives farlsg 
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the coarse of the Targot Loss Program, th< target loss -ed 
until the signal has bson cared for„ The computer then r 
target loss examincti.,3 at the point viiars It stopped. 

The flow diagram for this problem has beet osrried out in consider 
grect?r detail than shown in Figure 11, but the complete oouing ni v>9 orders 
has not been done. Estimation from the drtnilsd flow diagrams ahoT.-a that 
about 430 orders are required for both the SignrJL Program and the Tt;.-get Loi>o 
Problesi, Of these, slmost 4.00 are required :for the Signal Program e-'Lone, 

It is not necessary to go through the entire 400 orders of tho 
Signal PrograH for each signed craning ?nc On the average, assming tot niort' 
than three targets in an avenge slice., and this estimate M M high, r. total 
of 300 orders is required for each signal. Estimated information or the 
problem is given below: 

Total orders required 450 

Average operations per signal in 300 

Average computing time per signal in (WSI) 6 milliseconds 

Data storage required irrespective of 
targets and radar 100 registers 

Storage required per target 12 

Storage required per radar 3 

The total time and capacity required for a problem consisting of 
a maximum of fifty targets and ten radar sets is as followsi 
The sets are assumed to have en average sweep period of ten secoris,. 

Storage capacity required for targets £00 register? 

Storage capacity required for radars 30 registers 

Storage capacity required for data 100 registers 

Storage capacity required for orders 450 .registers 

1180 registers 

Time required 300 milliseconds per second 

This problem requires roughly one-half the storage* capacity and 
one-third the operating time of WW1„ 
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