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Abstract

A realetise simulastion of 2 multiple element defensive test environment is undey gtudy

and development. This simulation is tc be used for evaluating performance of command

and control systems, The initial version of the simulation penerates simultaneously

up to iwenty aircraft each with up to two jamming devices, The overall approach ig

to generate sircraft tracke and jamming roturns at a large ecale central digical

computer, This data is then traasmitted to remote radar sites and converted by on=-

site equipment to snaloz signsis which are injected Into the radar circuitry, A

wnique feature of the approach {8 that both real and simulated aivcraft will be ob=

served and tracked simultaneocusly by radar operators.

introdvction
A resl-time simuistion of a muitiple ele-
went defenaive test envivonment is presently un-
der development., The rationale; design concept,
and verious features of the simulation are des-
cribed in thie paper with emphaais on the digi-

tal portion of the simulatien,
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Up to twenty ajvcraft, esch with up to two
electvonic counter-measures (ECH) radar jamming
devices, are generated in this initiel version of
the aimulacion, Additional numbers of aircraft
will be introduced as required, after the basic
sinulation has been further developed, The over-
all approsch is to generate aircraft tracks and
jamming returns at a lerge scale central digitel
computer (CDC 6600), This data is them trans-
mitted to remote radar sites and converted by on-

site equipment to analog signals which are



injected into tha rader circuitry. A unique
featﬁre of tﬁe épistoach is that both yeal and
eimulated aircraft w:l]:;‘. be cbaerved and tracked
eilﬁxultanecusly by radar opei'ato‘rso The simu-
lated sircreoft will be indistinguishable from
real sircraft on the radar displays. Radar
cperators will then interface with the ramainder
of the command mud control system in a normal
fashidn.

A gimplified block diegram is illustreted
in Figure 1, ‘Referr:lng to Figure 1, the topies
discussed in this paper include required inputs
" to the CPU, simulation activities of che CPU
guch as aircrafz track and jamming return gen-
eration, transmission of dats to the on-site
buffers, and feedback information from the radars
to the CPU. No!:. c_iiacuaaed here ig the on-site
D/A converaion equipment, the radar signal in=-
gertion equipment, snd the interface between the
radars snd ¢he commsnd and control center. Both
the D/A conversion and signail inssrtion equip-
ments and assoclated concepts were developed by
the Westinghouse Electric Corp., Daltlmove, Md.,
under a separate contract,

The need for a simulation such as this
arises as a result of sevazal factors. A funda-
mental problem is that of validsting a command
and coatrol eystem (CCS) by attempting %o defeat
{t., Rach such attampt requires the dedication
of large numbazs of aircraft, since experience
has shown that the mlaﬁtmchip betwean nuxbers
of threat aivcraft and utilized capacity of the

CCS is highly noniinesr. That 1s, it 13 not

psseible to extrapolate results obtnin‘co‘e-ywith 2 L "

few aircraft to the case of many aircrsft (ov

saturation). As & result, it bacoses !\!.ghly da=

sizable from both econcmic snd opevationsl coa«
siderations to genevate some of the threat airw
crafe via simulsation, On the othar hami.’ tﬁe
presasice of roal eireraft peofida’a increased
reaiism and improves ths vali&i!:y of the zzere
cise, Anether gomewhat mmldcad, but signigi'-
cant, adventage maultﬁg feom the use of some
real sireraft is that other existing and p}.aﬁnﬂ%
sinuiations which utilize simulated alreraft
only can be validated.

The current stage of development of the
simuiation esn be summarised ss followss

2) Simulation vequirements have baen estabe

iished., These sre based cu numbers of a‘ircmft.’ ‘

maximum siveruft velocitiss end ranges, types of
radars considered, and meximum desirsble dats
rat#a betwaan cf"d and padar eites,

b) Much of the modeling is completad., In
some areas, dacisions concerning approaches o
be taken heve not yet desn nade, however, trade~
off studies are curzently undérway.

¢) Cn-site digital processing, D/A counver=
eion, signel gemeration, and signal innertion
equipment has been devoloped and demonstzated,

d) Interface requiremsnts between thae CPU

and the on-gite procassing equipment have baen

eatablished,
e) Input data requirements are only partially

defined, and are currently under study,

£) Study of requirements for data




organization, storage, snd vetrieval 1s just be-

ginning.

g) specificacion of user inputs incliuding
format is not yet completed, however, it .ss
been established that a Scenaric Input language
will be developed to simplify test specifici~
tion by users sud to maximize control during an
exeyrcise.

h) Development of algoritims and coding is
just underway.

IV, however, assembly language w1ll be employed

if determined necessary.

dlzcraft and Jammer Return Genervatlon

Atreraft track information is provided to

sach radar 1n the form of radar cress—-section

(RCS) and aircraft pasiiion in range, azimuth,

Initial coding will be in FORTRAN

(TWS), and conical scan (CS)., The maximum num=
ber of aircraft tracks to be genersted for each
type of radar are listed in Table I. Aiveraf:
dynsmics for the worst caea data transfer (i.e.,
highest dates rate) can be bounded using the knoun
maximm target velecity of Mach 3 (3000 ft./sec.)
and maximem acceleration of 10g's (322 fe,/sec.?).
Thege letter bounds are deternined from s consid-
eration of user requirementsa,

In escablishing the banic simulation require-
wents, it wae coneidered desirable to use exist-
ing telephone lines for transfer of data between
the CPU and the radar sites, Howevar, the maxi-
mum capscity of these lines is 2400 bits/sec,
When a marimum data rate was calculatad based on

the numbers of targete required, the worst case

target dynamice, and characteristice of the

TABLE I. RADAR TARGET REQUIREMENTS
RADAR MAX. NO, CF MAX, TARGET MAX. JAMMERS
TYPE TARGETS RANGE (MX.) PER AIRCRAYT
EW 20 150 2
TWS 8 60 2
Cs 4 60 2

and elevation. This information must be sup-
plied to the radars by the CPU at a rute suffi-
clent to insure vealistic target aircraft behav-
for on the radar acreene, that is, behavior
{ndlstinguishable from that of a real aircraft,

Three types of radars are initially being

utilized ~ early warning (EW), track-while-scan

389

various vadars, it was found to be far in excess
of 2400 bits/eec, As a resule, it was decided
that some computation would be carried out on-
aite. By reducing the update rate on track
parameters from the CPU and performing simple
linear interpolation on-site, 1t was poasible to

ceduce the maximum da*a rste to 2060 bi:a/sec,




all ou-site computation is perforuxd using nard-
ware rather than programmsble software, and re-
quires no operator to be present.

To illustrate the approach finally adopted,
#4e consider the TWS radar, At intervals of 626
nilieseconds, valuss of target aircraft RCS,
range, azimuth, and elevation are made avall-
able at the vader site, Tha nusber of bits re-
quired for each track parameter of each target

is shown in Table II. Theme are determined from

W5 redar disglay ie to eppear reallstic, the 1=

dicated update rate 1s too siow.
the assumption of linear variation of teack pa~

rameters within a 626 msec, interval, a constant
{acrement ig added to each track parameter every
62,6 msec, Thus, the update vate is increased
by & factor of 10. The uumber of bits required

for {ncrementing track psrameters is alsu listed
in Table II, Jammer informatiom 1s provided to

the radaro in the foxm of gain factors. These

TABLE 11I. CPU TO TWS RADAR DATA FiOW

TRACK NO. OF
PARMMETER BITS
RCS R
RANGE (R) 14
A2ZIMUTH (6) 12
ZLEVATION (¢) 11
ARJS 5
AR 5
46 3
a¢ 5
OTHER DATA 96
TOTAL/UPDATE/TARGET 161

iccuracy considerations, The 9¢ bits for "ather

jata" includes jamming information, timing, booke

keeping, and the like, 1If & target tracks are

ypdated at the indicated intervals and with the

indicated nusber of bits, a data rate of approxi-

nately 2060 bits/se., results. However, if the
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are updated in the same fashion as track
parameters,

Various methcds of generatiung aircraft
tracks at the CPU have been examined. At maxi-

mum target runges, it appears that point-to-point

trajectories specified in terms of latitude,

Therefore, under



longitude, snd altitude will provide sufficient
accuracy and realism. However, at lesser ranges
it appears t(h:at auwmerical integration of equa-
tions of wotion will be requived, Sevaral
integration methods which are particularly
suited to the praesent applicatisn are dbeing
examined, Results obtained to date are sume
marized in the Appendix.

A variety of modeis and computational
schemes either have been developed or are under
development for specific target and jammer
parameters, However, results are detailed
and will not be presented here, Examples
of these ave the equations used to v.apute
radar returns, models for jammer gains, and
algorithms for determining which targets are

in the field-of-view of which wvadars.

Inputs Te The Central Precessos

An discussed ian the Iatroduction, input
data requirements are only partially defined.
Prohlems of data organization, storare, and re-
trieval will be addressed in the next phase of
this continuing effort, as input deta requive=-
ments become better known, In generai, data
inputs and file updates will be off~1line aince
requirements for each exercise will be fixed.

Radar antenna patterns are stored at the
radar sites rather then at the CPU, As a ve=
sult, radar retumms are cowputed an the CPU with
the target always at mid-beam of the main lcbe

of the antenna pattern, The returu ig then
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modulated by the on~site procassing equipment so

as to properly positicn the target withian the
angenna pattern,

Three~dimensional jammer patteras are stored
at the CPU, A requirement for adjscent level
differences of .5 to 1.0 decibels in RF signal
leval has been established for jammer pattern
storage., This requirement is based on the con- ;
clusion that level differences of this magnitude
are essentially indiscernible when cbserving the
resulting video on & radar dispiay. |

Each time the simulstion is exevcised, ex- 2
ensive user inputcs in the form of a cempletely
defined scenario will be required, It is import-
ant that the specification of & scenaric be in
terma of parsmeters and dimensions fsmiliar to
the user, It {8 impractical to expect the user
to lesrn a computer language befnre he can exer-
cise the simulation. For this reason, it has
been determined thar a Scenario Input Langusage
will be developed. The language will make it
poasible for the user to specify aircraft ;
positinne, aircraft maneuvers, and the like, in

texms familiar to him, thereby rendering the

gimulagion more usable,

Interface With Cn~Site Equipment

The interface between the CPU (actually, the
data 1iuk) and the on-site equipment has two
facets ~ hardvare and software. The software
interface was discussed gbove for the TWS vadar,
where it was seen that & 151 bit word must be

provided on-aite for cach target in view every ?



626 maec,

The analysis supporting the selection
cof these values was also outlimed, Siwilar asus-
iysas have been completed for the other radars,
Reaults are summarized in Tabhlae 111, The in-
dicated word leagth in each case, if provided st
the rate specified, will insure that all sccuracy
and resolutlon rvegueiremcits sre satiefied. There~
fore, Table IIY cowmpletely defines the software

interface betwesn the CPU and the sites,

Feedback From Sites To CPY

in eutabliehing simulation requiremenis, an
important objective was to maximize computation
parformed by the CPU and wminimize on-site pro~
casging. lHowever, ss discussed earlier, the
conflicting objective of low data rates batween
CPU and sitee led to a requirament for some on-~

site computation,

The feadback channel from the site to the

TABLE 11IX. CPU/RADAR SOFIWARE INTERFACE
RADAR WORD UPDATE
TYPE LENGTH INTERVAL
TwS 161 bits 626 mgee,
cs 171 bits 810 m=zmec,
EVW 176 bite 3 sec.

The havdware interface, illustrated in Fig-
ure 2, conc” sts of an array of input registers
at each site, one for each potential target {see
Table I). The existing configuration provides
ane storage :egiatér per target, of word length
as indicated in Table II1, Thus, each target
word can be atored on-aite for a period of time
corrcaponding to the update interval fox that
radar. This provides & tciarance on data cow
putation and data transmiseion st the CPU., The
existing tolerance can €aslly be increased by
expanding the number of input registers; e.Rx.,
doubling the numbar of registers will double

the tolerance.
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CPU provides & means of reducing data rates and
on-site computation. If it i1s known at the CPU
how each radar antenna is oriented as a function
of time, then targets in the fleld-of-view of
each radar can be identified and only those tare
gets need be transmitted to the respective site,
Without feedback it becomszs necesgary to tcansmit
all targets to each radar, and to then isolate
targets within each field-of-view by means of on-
gite computation., The latter approach would
involve higher data rates and require additional
on-gite computing ecapacity.

Showm in Table I is the maximum number of

aircraft tracke generated for each type of radar.



1f the aumber of sircrafc within the field-of-
view of thie TWS or C3 radars exceeds 8 or 4, re-
spectively, then some of the tarpets must be
elimina‘ed from consideration., (It is assumed
that the total number of targets generated never
exceeds 20, sc that a similar condizion never
arises in the case of the FW vadar.) The CPU
will eliminate targets as required using an
appropriate algorithm, probabiy co be based on
target range. This 1s an additional computziion

which must be performed on-site if the feedback

channel is eliminated,

Summary

A digital simvlation of a defensive test
environment is under development, The simula-
tlon provides maneuvering target alrcrafe with
ECM jamminz for exercises designed to vaildate
command and control systems. The simulation is
an integral part of the CCS, which also includes
radars, displays, operators, real alrcraft with
jammers, and a command and contrel center.

In this continuing program, simulation re-
quirements have been established, mcdeling is
completed or underway, significant interfrces

have been defined, and on-site hardware has

Laen developed and demonstrated.

Aggendig

Four numerical integration techniques for
generating aircraft tracke from equations of
motion have been examined, each with a second

and fourth-order integration method, and each
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method zpplied te two problems whose analytical
solution 1s known, The i.sur technigques selacted
are ali basically nredicter-cexrectar technigues,
For the recond order method the Nystrom midpoint
formulia is used ns the predictor and the modified
Euler formula =s the corrector (Reference 1). For
the fourth order method the Adams-Bashfourth for-
mula ie used as the predictor and the Adams~
Moulton formula is used as the corrector (Refer-
ence 2). The four techniques employed are:
a) Predict, Correct ¢ times (PC),
b) Predict, Correct ¢ times, Modify (PCM),
¢) Predict, Modify, Correct c timea (FMC).
d) Pradict, Modify, Correct c times, Modify
{PMCM},

The first probler inveatigated was

v = -1.. 3 - S e
175, Yz 7
¥400) = 1 ¥2(0) = 1 .

The second prcblem was

¥y1 =9, y,(0) =1

§2 = =(9.25y1+y,) 7,{0) = - 112

The resuvite for the second-order mechod can
summarired as follows:
a)
b}

c)

be
w3t 18 best with PC clese seecad,

PM(M is, eurprisingly, nc better than PCM,
My making h, the intepration atep aize,
smaller we pain more in accuracy than any
change in method produces.

Iifferences between methods are much more

d}

pronownced for lsrger values of h,




For the fourth-order wmechod?

a) PC 13 best with PCM second.

b) Difference betwesa techniques 1s not as
pronounced as with second order wethods,

c) PMCM does relatively better in fourth order
than in second order.

d) Haking h smaller does not have the impact

that it does with the gecond crder mathod.

In general:

1.

2,

3.

4,

5.

a) Fourth order sccuracy increases faster
(relative to second order accuvacy) with
decreasing h.

b) Dividing h by 2 snd using second order
gives about same, or a slightly better,
regsult than using fourth ovder with origi-

nal h,
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