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ABSTRACT

1
E l e m e n t s  of s i m u l a t i o n  in gene ra l  a nd  of

e le c tio nic  w a r f a r e  ( E W )  in p a r t i c u l a r  a r e  -p r e s e n t e d .

In t h e  area of EW simulation , radio frequency (RF)

stimulation is emphasized. A survey of four current

or proposed E W  simulators is presented in Section V:

Th1/1 Stimulator; Naval ~lectronic Warfare rraining

System , Device IOH1 (NEWTS) ; 10A3/1 ,2,3 Stizulators;

ELINT/CCNINT Receiver Test Systems . ~‘inaily,

desirabl e features to look for in an E~ s i m u l a t o r  are
discussed.
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I. INTRODUCTION

To date , much of what has been written about the art of

simulation , has been simulation vis—a~-vis control system

theory and application. The study of nan—machine

relationships probably received its greatest impetus in the

space program of the 1960’s under the sponsorship of the

National Aeronautics and Space Administration. Only

recently have De partment of Defense agencies , in the Navy

n o t a b l y  the N a v a l  E l e c t r o n i c s  S y s te~~s C o m m a n d , t h e  N a v a l

Security Group Command , the Naval Research Lab , and the

Chief  of Naval Education and -Trainin ;, taken a close look a t

the role of si~ ulation in the design and use of passive

intercept systems. The prime reason for the surge of

interest is probably financ ial. The Navy cannot afford to

train people at sea because of the high cost of deploying

units, or, equally important , do exhaustive testing of one

complex intercept system prototype before comm itm ent to

force—wide installation. These new systems cost too much

money for that sort of luxury test, and delaying procurenen~
decisions greatly aggravates the situation.

The purpose of this paper is to bring together some o~
the varLcus sources found in texts .and governm ent reports

concerned with simulation in general , and m an—machine

simulation in particular (Sections II - through IV)

Interspersed throughout this discussion will be where an~
how simulation car. play a vital role in th~ realm of passive

intercept. “Passive intercept” as used in this pa~ -~r

primarily denotes the intercept of electromagn~~ i~ rsd~~ t~~ r

with no response by the interceptor. Activ e actions s~ c:~ ~~~~-

jamming are therefore excluded . Later in the parer (Sdc~ ion

V) descriptions of four simulatio n sy s t em s  w i l l  be ~~~~~~~~~~ 
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with comments concerning their projected or actual

p e r f o r . na n c e .  F i n a l l y ,  t h e r e  wi l l  be an e xa m i n a t i o n  of some

of the more important features one night desire in an

electromagnetic en vironment simulator. 
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II. WHAT IS SIMULATION?

A. INTRODUCTION

As used in syst em engineering, the word simulation refers

to the construction of a representation of a process or

systen in order to facilitate i ts  a n a l y s i s .  It is

c h a r a c t e r i z e d  by t h e  f a c t  t h a t  i t  does r.ot i n c l u d e  a l l  t h e

fe a t u re s  a n d  c h a r a c t e r i s t i c s  of t h e  o r i g i na l  s y s t e m  or

p r o c e s s .E  1]

In t h e  r ea lm  of e l e c t r o n i c  w a r f a r e  ( E W )  , sev~ :al

d e f i n i t i o n s  h a v e  e v o l v e d  w h i c h  nay be c o n f u s i n g  to the

u n i n i t i a t e d. I t  w o u l d  be ap p r o p r iat e  to e x a m i n e  t h e s e  at

the ou t s et  if only to become  f a m i l i a r  w i t h  some of t he

jargo n one is bound to encounter.

“Stimulation ” is a simula tion technique wherein signals

a r e  p r e s e n t e d  to v a r i o u s  t a c t i ca l  e q u i p m e n t s  as RF i n p u ts  a t

the antenna entry ports.

“V i d e o  s i m u l a t i o n, ” or s o m e t i m e s  j u s t  p l a i n

“simulation ,” is a technique wherein signals are pr ovi -~ed in

video or audio forma t (either d i g i t a l  or analog) to the

front panels (real or simulated) of the tactica l e q u i p m en t .

This  les ign  bypa sses most  or a l l  of t h e  t a c t i c a l  e q u i p m o ~~t

itself.

In “hybrid ” design , signals are presented a~ either R? ,

IF , or v id e o/ a udi o  ( i lg i t a l  or a n a l o g )  as a p p r o p r i a t e  for
each specific tact ical equipnent. The signals are gener ally

10 j 
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provided at a convenient and common point within the

tactical equipment , w h e r e  f r e q uen c i e s  a re  up  or
d ow n c o n v er t e d  to c o m m o n  ( u s u a l l y  IF) f r equ e n c i e s .  H y b r i d

bypasses  scm e e l e m e n t s  of t h e  t a c t i c a l  e’~u i p m e n t .

B. MAN —H ACHI NE SIMULATICN

The in t r o d u c t o r y  d e f i n i t i o n s  j u s t  p r e s e n t e d  do not
s p e c i f i c a l l y  t a K e  i n to  accoun t  t h e  h u m a n  e l e m e n t  of

s imu l a t i o n , one w h i c h  s h o u l d  be e x a m i n e d  in a s t udy  of

passi ve i n t e r c e p t  s y s t e m s . T h e r e f or e , let us c o n s i d e r  some

of the elemen ts of man—machine simulation.

~ian—m achine simulation is defined as the provision of a

device or devices to represen t a system with varyin~ deg r ee s
of r e a l i s m , including the de tails of the environm ent in

which the system operates.~~2) On the surface , this is a

r a t h e r  s t r a i g h t f o r w a r d  d e f i n i t i o n, bu~ it has m a n y  face t s
worth exami n inc.

Al though 19814 may be just around the corner it is

d i f f i c u l t  t o  be l i eve  t h a t  a l l  decision m a k i n g  processes  w i l l

be h an d l e d  by m a c hi ne s . E v e n  in i n c r e a s i n gly a u t o m a t e d
systems , men will continue to play an active and vital role.

But  as s y s t em  r e q u i r e m e n t s  become m o r e  d e m a n d i n g ,  i t  becomes

• 
in c r e a s i n g l y  impor tan t to c o n s i d e r  t h e  a l l o c a t i o n  of

functions to men and machines early in the design process so

as to maximize the contributions of each to overall system

performance. In order to take advan tage of man ’s po t en tial
contributions as a system component , the engin eer must have

an apprecia tior~ of m a n ’s ca p a b i l i t i e s, and  of t h e  Je sign
limits which might be imposed by them .

Be~cey and Gerloug h ~ 1] list haracteristics particular

to mann el simulation , some  of wn ich w i l l  be ex a m i n ed la~~er

11J
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but in sum are presented here . Simulation involving man

includes all the characteristics of unmanned simulation ,

wit h the following additiona l ones introduced by the J
particular characterist ics of human performance:

1. Human performance is inherently variable. There is

a variation of successive trials of the same task by the

same operator, and there is a variation in the responses of

several operators trying the same task.

2. Human response includes elements which are

apparently not determined by the input and can be accounted

for only by statistical descriptions. Consequently, the

description cf systems involving human operators must make

use of statistical methods , and the resulting descri ptions

will be in some sense statistical averages defined over

particular populations.

3. The inherent variability of human performance

implies that many repetitions of each particular experiment

mus t be tried.

14. Simulation studies involv ing human operators must be

run in real time , whereas studies involving inorganic

elements may be run in an accelerated time scale in many

cases .

5. The simulation method and the experimental situa~ ion

mus t be selected in such a way as to avoid any possible

injury to the operators involv ed.

In view of the statistical natur e of man in this context

of simulation and the r~~ ui:~~ment to run simulations at r~~ii

instead of accelerated time , ~o~ e researchers have ma~ e

attempts a~ formulati n-~ ma them atical mo~~ 1s of man.

Skcinik , in his authoritativ ’~ textboo k Int :o~ uction tu ~a~~-ir

12
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~j~ te!s, discusses a radar  o p er at o r  e f f i c i e n c y  f a c t o r  in t he

c o n t e x t  of p r o b a b i l i t y  of de tec t ion  of a r a d a r  t a r g e t .

Others have tried to model man in some linear and

quasi—linear fashions as a transfer function in a tracking

cont ro l  loop.  Wit h v e r y  s imp le o p e r a t i o n s  t h e y  h a v e  ne t

w i t h  l imi t ed  success, b u t  t h e y  a p p a r e n t l y  are  s t i l l  a long

way from effective and accurate modeling of such a complex

en t i t y  as m a n .

One of the  l i m i t a t i o n s  impose d by  m a n ’s p r e s e n c e  in a

con t ro l  system is his l i m i t e d  i n f o r m a t i o n  b a n d w i d t t .

S k oln i k  has  it listed on the order of 10 Hz/20 bits ~er

second. Needless to say, the rates at which info :maticn can

be provided to man would simply overwhelm him. Therefore ,

one s h o u l d  consider , espec ia l ly  in a passive i n t e r c e p t

r sys tem , the  i n c o r p o r a t i o n  of a u t o m a t i c  p r ep roces s ing  of

i n c o m i n g  s igna l s .  For  e x a m p l e , such p r e p ro c e s s i ng  m i g h t  be

programmed to disregard unwanted s igna l s, or s i g n a l s  a l r e a d y

noted and analyz ed which are of no further value ; to make

recordings on signals of interest for which there is no

urgent need of immediate ope rator a ttention/analysis, or
-
: wnich  a re  too c o m p l e x  fo r  r u d i m e n t a r y  a n a l y s i s  a t  a r e m o t e

intercept position. By filtering out signals such as these ,

the  o p e r a t o r  is l e f t  wi t h m o r e  t i m e  to  d e v o t e  to  i m p o r t a n t

s igna l s  of t a c t i c a l  i n t e r e s t .

The definition of man—machine simulation addressed the

representation of a system with varying degrees of realism ,

i n c l u d i n g  de ta i l s  of t he  e n v i r o n m e n t  in w h i c h  t h e  sy s t e m

ope ra t e s . These t w o  a reas , “ d eg r e e  of r e a l i s m” a n d  “d e t a i l s

of the environment ,” will be specifically addressed in

Section IV , “C h a r a c t e r i s t i c s/ M e t h o d s  of S i m u l a t i o n , ” b u t  it

might he well at this time to note t h e  “ e n v i r o n m e n t”  faced

by the EW specialist. “Environment ” in this context means

the  s i g n a l  e n v i r o n m e n t .

13 
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The g r o w t h  of EW in the last decade has  been j u s t  short
of p h e n o m e n a l .  L a r g e l y  because of our i n v o l vem e n t  in the
Vietnamese War , force commanders have come to appreciate the

w orth of o f f i c e r s  and m e n  k n o w l e d g e a b l e  in t h e  a r t  of E W .
Prior to the Southeast-Asian conflict , EW was of lesser

i m p o r t a n c e .  Signals of host i le  i n t e n t  to our s t ra teg ic
forces were of course no ted  and a n a l y z e d , but l i t t l e  was
done in t h e  area  of tac t ical  c o n f l i c t .  However , w i t h  t h e
advent of Vietnam and the introduction of sophisticated

Soviet  weaponry , we were faced with the grim reality of

increasing losses to our aircraft inventory. Being able to

r ecogn i ze  and  coun te r  e n e m y  t h rea t s  t h r o ug h t h e  use of
“black boxes ” became imn ediate ly important to pilots and is

still today of v i t a l  i m p o r t a n c e  to the  m i l i t a r y .

Theoretically, one could probabl y build a black box for

each system to be countered , but that is neither realistic

nor necessary. While it is true that certain ~arameteric

measurements can more rapidly and accurately be accomplished

by m a c h i n e , man still r a n k s  h igh  as a c o r r e l a t o r  of
in f o r m a t i o n  and decision m a k e r .  A n d  t h e  m an  w h o  is most
often the first to come face to face with an enemy threat is

the EW specialist. If he is to analyze and react to today ’s

swift and sophisticated weapons system , the equipment ~-~e

uses a n d  the  level of his exper t i se  m u s t  a t  l east  m a t c h  t h e
lev el of sophistication of those systems he must face. So

how so you train him to cope? You might place him in a live

environment. This is very realistic , but not very practical

as the expense in time and mone y incurred to achiev~ a

proficiency which can only come from repetitive exercise

wo uld be excess ive .  The o n l y  v i a b l e  a l t e r n a t i v e  n e e m s  tc ’ be

s im u l a t i o n . T h e r e  are today tried and proven 9jui~ m .~nts

w h i c h  can r e p l i c a t e  jus t  a b o u t  a n y  si g n a l  i m a g i n a b l e  an~ in
r e a l i s t i c  dens i t i e s .  Y o u  can thus provide the ne eded

r e a l i s m  a n d  r e p e t i t i v e  t r i a l s  w i t h  son~e w h a t  ~:eate:

H - ass u r a n c e  t h a t  i f  y o u r  o p e r a t o r  can h a n d l e  t h i s  ~ i m u l a ~~~’l

14
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en v i r o n m e n t , he w ill ~e better prepared to deal with a real

e n v i r o n m e n t  later  on.

C. LIMITATIONS OF SI?IULATION

In sp i te  of all t h e  great  t h i n g s  t h a t  s i m u l a t i o n  m i g h t  be
able to accomplish , it does have limitations. Possibly the

greatest limitation is the inability of simulation to

achieve  t ct al  rea l i sm.  O n l y  a t  grea t expense  m a y  one be
a b l e  to closely a p p r o a c h  t he  real system or real

e n v i r o n m e n t .  But  t h e  n e c e s s i t y  for  th is  hig h d e g r e e  of
rea l i sm mus t  be w e i g h e d  a g a i n s t  the  costs , a nd s t i l l  t h e
fidelity of the system should be closely scrutinized.

The v a l i d i t y  of test r e s u l t s  m u s t  a l w a y s  be i e s t i on -~1.
In a simulation test, one usually seeks to verify a

particular aspect of a problem or behavior. One must be

cau tious about formulating a picture of a total system

performaiice based on isolated component tests: simple

linear superposition to achieve a composite view of a

• sy st~ m ’ s p e r f o r m a n c e , or of m an ’s p e r f o r m a n c e  in t h e  s y s t em
may not necessarily be a valid assumption.

15
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III. kL~X ~I!~AL~L

A.  SI~1UL A T I ON AND DESIGN

The impor t ance  of s i m u l a t i o n  in sys tems  eng iriee r i n q  ar ises
from the fact that simulation m akes possible the

verification of proposed designs before comp letion of th~
system development , thus resulting in valuable savings f
t i m e  a n d  m o n e y .  If basic desi g n k n o w l e d g e  in a n e w  a r ea  is
non ex i s ten t  or at best  w e a k  and limited , sinulation can

prov ide  the  means  for p r e l i m i n a r y  t e s t i n g  and e v a l u a t i o n  of
alternative designs before commitment to a specific one. In

fac t, to a great extent today, much design work is being

accomplished through hands—on interaction between the

engineer and a computer working with a mathematical model ,

whose validity is considered high . This technique can

imm e d i a t e l y  pr o v i d e  the  e f f e c t s of cha ng es in  de s~ gn
p a r a m e t e r s .  It is o f t e n  a t r i a l — a n d — e r r o r  m e t h o d  of
r e a c h i n g  an accep tab le  so lu t ion , but  i t  wo r k s .

In a system where a human being performs a control

function , some for m of simulation should be conducted in the

design phase. Very often something as simple as a cardboard

m o c k — u p  of a s y s t em  can p r o v e  to be v a l u a b l e  in d e t e rm i n i n g

or ascertaining the position of needed controls and

displays. Such a mock—up was constructed for the relocation

of equipment of an AN /WLR-6 receiver system. The front

panels of all equipments were recreated on cardboar i , the

d i m e n s i o n s  of t h e  i n s t a l l a t i o n  a p p r o p r i a t e l y  l ay c i  ou t , an d

o p e r a t o r s  i n v i t e d  to  “ m o v e  t he  e q u i p m e n t  a r o u n d ”  so t o

speak , to achieve the opti .nun layout. ior them , ra~-her than

lb
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fo r  a design eng inee r .  One step up f r o m  the ca rdboard
m o c k — u p  tc prov ide  an increased degree of realism is to have
f u n c t i o n a l  f r o n t  p an els  w i t h  c o m p u t e r — s i m u l a t e d  aud io  amd/ or
v ideo  i n p u t s ;  of course , costs increase  s u b s t a n t i a l l y .

B .  S I I U L A T I O N  FOR T2ST IN G

T h e  discussion above r e l a t e d  how s i m u l a t i o n  could prove
va luab le  in the  e v a l u a t i o n  of i n d i v i d u a l  componen t  desi gn
and performance. That situation can be easily turned around

a nd the  s imu l a t i o n  app l i ed  to t h e  b roader  a n d  more
c o m p r e h e n s i v e  aspect of sys tems  testing. Recall the

c a u t i o n a r y  note  on f o r m u l a t i o n  of a p i c t u r e  of t h e  to tal
system operation based on the testing of isolated

components: simple linear superposition to achieve a

co m posi~- e  v i e w  of p e r f o r m a n c e  may  not  be a valid assumDtion .

O ne of t h e  k e y  uses of s i m u l a t i o n  is t h e  e v a l u a t i o n  of  t he
e f f ect v a r ious  ele m en ts of a sys te m ha ve up on each o t h e r a n d

upon the p e r f o r m a n c e  of the  sys tem as a w h o l e . [ 1 )

C. SI~1UL A T I CN FOR CONT R OLLED R E P E A T A B I L I T Y

The  a b i l i t y  of s i m u l a t o r s  to r e p e a t e d l y  and  p rec ise ly
p e r f o r m  a p r c g r a m m e d  sequence  of e v e n t s  is p a r t i c u l a r l y
va luab l e  in two a reas :  t h e  e v a l u a t i o n  and t r a i n i n g  of
operators , and the study of sources of system failure .

S i m u l a t i o n  is p a r t i c u l a r l y  a d v a n t a g e o u s  in  p i n p o i n t i n g  t h e
- - cause of a s y s t em  f a i l u r e .  W i t h o u t  t h i s  c o n t r o l le l

r e p e a t a b i l i t y  of tes ts, e n v i r o n m e n t s , or scenar ios , i t w o u l d
be ve ry  d i f f i c u l t , if not imposs ib le  in  m a n y  cases , to
d e t e r m i n e  sources of f a i l u r e  or i nst a ~~il it y .

ii 17



D. S I M U L A T I C N  AND CONTROL OF COSTS

Clearly an i m p o r t a n t  par t  of s i m u l a t i o n  is the a t t e m p t  to
reduce overa l l  costs. The  usefulness  of s i m u l a t i o n  for
e v a l u a t i o n  of a l t e rna t ive  designs  has a l r e a d y  been m e n t i o n e d
and the  resu l tan t  savings of the  approach should  be obvious.
The m a m m o t a  cost of new large— scale , and  complex  systems
(this certainly describes recent and proposed intercept

sy s t e ms)  requires  t h a t  cont rac tors  and users resor t  to
s imu l a t i o n .  One cannot  a f f o r d  the  risk of m u l t i — m i l l i o n
dollar failure that goes with a system design philosophy

wherein one copy is built and then tested for satisfactory

performance . The risk is too great and the tine lost by

such an approach is significant. Simulation must become an

integral part of a system ’s evolution from inception to

production. We are today beginning to see the introduction

of new sys tems  w h e r e i n  the  decis ion to  proceed wi t h f u l l
scale production has to be made before the initial copy is

ope rationally tested. Cost conscious budget men dictate it ,

a n d t h e need fo r up to d a t e , r a t h e r t h a n
o u t m o d e d — b e f o r e — o p e r a t i o n a l , i n t e r cep t  s y s t em s  r e q u i r e s  i t .

Besides this design aspect of costs, the general

u n a v a i l a b i l i t y  of o p e r a t i o n a l  sys tems f o r  the  t r a i n i n g  and
testing of operators enters the monetary picture. An

ope ra t iona l  i n t e rcep t  sys t em r e q u i r i n g  the  use of its host

pla t f o r m  f o r  t r a i n i n g  pu rposes  is no longer  f e a s i b l e  in  t h i s
era of h i g h  fue l  costs. R e a l i s t i c a l l y  speak ing , sim uia~~ion
is the  on ly  a n s w e r .  A n d  we may  be surpr i sed  to f i n d  lust
h ow r e a l i s t i c a l l y  an o p er a t i o n a l c i e c t r om a g n e t i c  e n v i r o n m e n t
car .  be created w i t h  t o d a y ’s SW s im u l a t o r s .  ~h i s  w i l l  no
dealt with to some extent later on , but for now suffice it

to say t o a t  a lmost  a n y  t y p e  of s i g n a l  can b~ d u p l i c a t e d , an d

I
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s u f f i c i e n t  number s  of them can be genera ted  to  present
realistic s ignal  densi t ies  to the  i n t e r c e p t  opera to r.

B. SI~1[J LATICN FOR TRAI NING

N . A .  G r odsky [ 3 ] ,  in his e x a m i n a t i o n  of s imu l a t i o n
v i s—a—vis  our a s t ronau t  t r a i n i n g  p r o g r a m s  has m a d e  some
in teres t ing observa t ions  w h i c h  shou ld  be app l i cab le  to a n y
m a n — m a c h i n e  sys tem .  He wr i t e s :

“The  i m p o r t a n c e  of c o n s i d e r i n g  • s imu la t i o n  r e l a t i v e  to
opera tor  2 e r fo rw an ce  can be v iewed in the l i g h t  of t h e
f o l l o w i n g  r ac tors :

“ 1.  The assessment of operator performance in an
m a n — m a c h i n e  sys tem is t h e  p recursor  to t h e  f in a
definition of man ’s role in the system the f l e xib i l i t
and effectiveness of the system , anã the genera
requirements necessary for the support of the man. 

• 
tn

cr-der to provide a cospletely effective man-rnac hine
system , man ’s role must be clearly specified in
quantitative terms.

“2. The assessm~ nt of operator performance is a complexproblem in wh ich l i t t le  operational data ~s a v a ilab l e .
Simulation is one of the ~echnigues by which applicable
data in surficient quantities and under controlled
conditions can be collected.

“3. The assessment of complex operator performance
appears to best focus attention upon the advantages and
disadvan taaes of simulation as well as some of its future
requirements and fidelity problems upon simulation . ”

He alsc presents a table listing various uses  of - -~

• s imu la t ion . Aga in it is written in the light of astronaut

training, but should also apply in genera l to training -of

i n t e r cep t  op era tors .  S i m u l a t i o n  can be h e l p f u l  in t;i e

e v a l u a t i o n  of operator  capaci t ies :  in d e t e r m i n i n g
physiological  and psycholog ica l  l im i t a t i o n s  in  n o r m a l
o p e r a t i n g  condit io ns and u n d e r  stress; i n  ‘l e t e rm i n i n ;  :~ne

p e r f o r m a n c e  and p r o f i c i e n c y  of m a n — m a c h i n e  s y s t em s  in n o r m a l
op er a t i n g  condi t io ns and  u n d e r  s t r e s s ;  a n d  in p r e d i c t  in~
opera tor - p e r f o r m a n c e  u n d e r  s tress.  S i m u l a t i o n  can be
v a l u a b l e  in the  s t u d y  of p r o c e d u r e s  ‘1 nd r e 1u i : e m e n t s :  in
the  a l loca t ion  of function to man ~nd machine; in ~~~
d e t e rm i n a t i o n  of p e r s o n n e l  r~~~u i r e m e n t ~~; in th ’~
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determination of operating procedures; in the determination

of maintenance procedures a n d  logistic s u p p o r t  r e q u i r e m e n t s ;
and in tne determination of work schedules. And , simu lation
is an important tool in the actual selection of operators;

in the development 0f training prog rams, devices and

standards; in the determination of special training; for

initial training of new operators and proficiency training

for seasoned veterans ; and for the prediction and

mea surement of proficiency.

Simulation might prove quite valuable in the selection

of intercept operator s and their assignment to particular

intercept teams. How the individual man relates to h i s
simulated working environment could be observed , and in

those instances when he is found to be unsuited or not quite

ready to assume his duties, or when personality clashes

preclude the harmonious relationshi p necessary for efficient

team func tion , he could be reassigned elsewhere. On~ does

not always have the luxury of a large pool of operators to

cho ose fr om , but when one does, this sort of test could help

reduc e tne incidence or severity of friction among deployed

team members.



IV. ç LLt~Th2~~ 91

A .  I N T R O D U C T I O N

Simulation equipments and methods may be charact erized in

various way s, and discussed from many different points of

view. In this section, simulation will be examined with

regar d to: degree of abstraction (physical vs. mathematical

simulation) ; characteristics of manned simulators; computers

and simulation; and finally, signal generation for EW

simulators.

B. DEGREE OF ABSTRACTION

The process of simulating a real system , in and of itself

must involve abstractions of the real world environment.

These abstractions may be of varying degrees of severity.

For exam p le, a scale mo del , truly to scale, and properly

instrumented so that instruments do not alter the model

significantly, is not a severe departure from reality.

Analogous model s, such as the representation of large

mechanical systems by relatively small ~lectrical

com ponen ts, is a more serious departure; although the

analogies may be warranted and valid , electrical components

may not react exactly as the mechanical elements th—~y

represent, and scaling (both time and frequency) becomes

more difficult . Finally, a much more sever~? degree of

abstraction result s when representing a system completely

through the use of mathematica l equations. It woul d be

virtually impossible o totally describe anything hut the

21 4
_____________ 

I



~~ -
~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~

simplest of systems in terms of m a t h e m a t i c s .  An -i as system
com plexity increases, so does the size of the computers

needed to accomplish the desired mathematical computations.

So we see here two basic simulation strategies: physical

simulation (like tne scale model and even the electrical

analog) wherein a physical system is simulated by the

constructio n of another physical system which obeys the same

or similar laws as the original system; and mathematical

simulat i•on, wherein the simulation is based on the solution

of equation s which describe the performance of a system.

Bekey and Gerlough (1 ] present a clear and concise

comparison of physical and mathematical simulation :

* ~athewatical simulation is characterized by the

following:

• Easy pa rame te r  va r i a t i ons

• Mathematical descr ip t ion  r equ i r ed  of a l l  sys tem
elemen ts

• Time scale can be varied by selection of

computer components

• Well suited to fast—time simulation

• Results affected by selection of model and

qual i ty  of compute r componen t s

• Possibility of false solutions due to the

characteristics of the equations themselves.

* Physical simulation on the other hand is

characterize d as follow s:
I

• Parameter variations may be difficult

• I~!athematical description not required of all

system elements

• Generally designed for a fixed time scale

• Well suited to real—time simulation wit h human

operators

• ~esults affected by selection of model and

validity of analog

L 
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No possibility of false solutions due to the

characteristics of the equations themselves.

The mathematical simulation seems to be more versatile

since parameter variation or alteration of the system

structure would be more convenient . On the other hand , a

mathematical model for each system element must be

formulated. And when venturing into new areas, or areas of

severe complexity , or when statistical variability must be

taken into consideration (as when h u m a n  behav io r/ r e sponse  is
part  of the problem) , systems may defy mathematical

def i n i t i o n  and f o r ce  the  incorpora t ion  of physical  e lements .

For every two—sided  a r g um e n t , t h e r e  seems to be a
m i d d l e — o f — t h e — r o a d  posi t ion possible and  so in th i s
physical/mathematical com pa r ison , Be key and G e r l o u g h  have
come up wit h the  “ pa r t i a l - sys tem test . ” Th is is described
as the  in terconnect ion of a physical element with a general

purpose computer which represents a mathematical analog of

the rest of the system.  This  t ype  of s imula t ion  is employed
p r i m a r i l y  in two sets of c i r cums tances :  w h e n  a m a t h e m a t i c a l
description of an  el ement  is unavailable or difficult to

formulate; or when the performance of the system element

must be evaluated under conditions which simulate actual

system performance , but the rest of the system does not yet

exist or may be too difficult or expensive to use. Caution

must be exhibited when conducting partial—syste m tests. A

good understanding of the effects of the dynamics of the 
1

interconnection between computer and physical component is

essentia l, and the test is inherently limited to particular

aspects of the total system and/or the total environment of

the completed system so t h a t  care  m u s t  be exerc i sed  in
drawing conclusions on total system performance (recall ,

that li near superposition may not apply) .
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I t  will be f o u n d  t ha t  m a n y  of today ’s EW s i m u l a t o r s  are
charac ter i s t ica l ly  both m a t h em a t i c a l  and phys ica l  in  nature.

They are phy sical simula tion s in that they receive and

analyze real or synthesized electromagnetic signals often

through the use of the actual intercept equipment found on

intercept platforms. They are mathematical simulations

particularly when they incorporate the relative movement of

targets and intercept platforms on some hypothetical “field

of play. ” The CRT display of u n i t  po sit ion , the r e l a t i ve
changes in electromagnetic signal strength and signal

direction injected into intercept receivers and direction

finding equipment is all accomplished via the solution of

mathematical equations describing electromagnetic

propagation and positional geometries.

More might be said on the formulation of models for

mat heinatical simulation.E 1 1 The construction of a m odel is
based on information obtained from the physical world by

observation or measurement. C o n s e q u e n t l y ,  m e a s u r e m e n t
errors will result in erroneous models. Furthermore ,

measurement is often corrupted by noise ; it is characterized

by the fact that it is never exactly repeatable either

because the process itself is subject to random variatio n in

time (you cannot reproduce exactly the whole of the

electromagnetic environment) or because the measurement

includes some random variability, or both. consequently,

one of the serious problems in the simulation of a process

is the selection of those random elements which one desires

to incorporate in the model . Many models are constructed on

a purely deterministic basis with the understanding that the

results obained from the models may represent statist ical

averages of certain variables in the physical systems. In

many problems , the random nature of certain variables or the

presence cf random disturbances represents an important

aspect of the system. I n  such cases, the simulation will

24



inc lude  ncise sources , and M onte  Carlo techniques  (described
b r i e f l y  below) may be used to d e t e r m i n e  s a t i s f a c t o r y
con fidence limits on the system response.

The Monte  Car lo  m e t h o d  p rovides  a w a y  for  n u m e r i c a l l y
treatin g problems involving random variables. Statistical

results are obtained by repetitive sampling procedures from

a given probability distribution. The probability that tne

results of the computation will be within a given interva l

of the theoretical results is a function of the size of the

sample.

C. ELEMENTS OF MANNED SIM (JLATOR SYSTEMS DESIGN

In t h is section , th r ee e l e m e n t s  of ma nn ed s i m u l a t i on w i ll

be addressed: s imu l a t i o n  t e c h n i q u e s  in the assessment  of
ope ra to r  p e r f o r m a n c e ;  design of d i sp l ays  and a l a r m s ;  and
s y s t e m  cha racter is t ics  of m a n .

1. Ma ned S

V a r i o u s  t ypes  cf manned  s i m u l a t i o n  t e c h n i q u e s  h a v e  been
t r ied to assess opera tor  p e r f o r m a n c e .  G r o d s k y [ 2 )  has
o u t l i n e d  several  of t h e m :

1. Mockups
* soft mockup: a ca rdboa rd  pape r  d i s p l a y  l a y o u t  w i t h

no actual  h a r d w a r e  or f u n c t i o n a l  cons ide ra t ions  ( t h i s  is t h e
type alluded to in the AN /WLR— 6 redesign)

* har d  mockup :  an  a c tua l  t h ree  d i m e n s i o n a l  l a y o u t  of
the man—machine interface , usually withou t functional

coni ponen ts

* functional mockup: ~i ha r d mockup wi th a design

layout of actual or prototype equipme nt and with sorne

25
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func t ion  associated w i t h  the  m a n — m a c h i n e  i n t e r f a c e  of the
equipment .

2. Engineerin g or scientific judgment: the use of

expert  o p i n i o n  or avai lable  data  in t he  l i t e r a t u r e  which  is
subjected to mathematica l or quasi—mathematical procedures

in order to assess complex pe r fo rmance .

3. Laboratory or synthetic task techniques : the use

of psychophysiological test situations or test batteries

which are constructed to test various specific behavior -‘

domains or to eval uate generalized performance or behavior

associated with various systems.

4. Dynamic simulation: the dynamic reproduction of

compl ete or various portions of a man—machine system with

various degrees of fidelity; this technique can be divided

into partial task or full scale mission simulation .

5. Operational evaluation: the actual operational

evaluation of operator performance on the real system

itself. -

Of thes e f ive  types , the f u n c t i o n a l  m o c k u p  and
dynamic simulation techniques are noteworthy. The

operational evaluation is of course the most realistic , but

also the most expensive . The technique deemed most valuable

is t h a t  of dynamic simulation. Both quantitative and

qualitative data on system performance can be obtained , as

well as a very realistic and critical appraisa l of an

in dividual’ s or team ’s performance. In this respect , the

dynamic simulator is the next best thing to t~ie ac~ ual

system itself.

26 
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• 2.  Dis~ 1a~~ and Alarms

Not only should displays be visible and legible to the

operator , but they should also be the best suited for the

function intended. For example , if you wan ted to observe
the relative position of a number of frequencies within a

given band , a panoramic display would be most appropriate ,

but if you wanted to know the frequency of each of those

signal s, a digital readout system would be considerably more
appropriate . The design of displays for wideranging system

monitoring must go one step further and consider the

interdependence of individual meters and the fact that the

operator will effectively be sampling/multiplexin g various

displays sequentially. Pew [3] relates how it takes time for

an individual to shift attention from one display to

ano ther , and that one of the purposes of an integrated

display system is to minimize the time it takes to read in

information from a great number of displays. Also ,

interpretability is enhanced by reducing the recoding

requirement on individual displays; for example , trying to

minimize the abruptness between say analog and digital

reaouts or between two different types of analog metering

systems.

Particular attention must be paid to the design of

alarms. Audible alarms in a quiet environment probably are

• more effective than visual ones (but the intercept operator

is not always priviliged to work in a quiet environment; the

perpetual hum of cooling equipment can be deafening), but

visua l ones must be restricted to what may be a limit~ d

fiel d of view , tha t is, the display/control panel which will

more than likely already be lighted by a not insignificant

number of dials. Some intercept equipments incorporate both

aural and visual alarms.

27 
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3. Characteristics of ~an the Piocessor

It is man ’s abi l i ty  to process i n f o r m a t i o n , th at is , take

it in , man ipu la te  it , compare  i t  to p r e v i o u s l y
processed/stored data, then decide and act on it, that makes

him a desirable part of a systent.(3] A few observations can

be ma de on man ’s effectiveness as a processor. On the input

side, man is like a scanner or filter of limited bandwi dth ,

so that new data can only be fed to him at limited data

rates. Therefore , as much automatic machine prescanning as

possible , without minimizin g or severly degrading the basic

information needed for a decision process should be

incorporated in a high data ra te  sys tem .  C e r t a i n
intellectual operations involve information compression. An

operator  combines i n f o r m a t i o n  f r o m  a v a r i e t y  of sources  and
reflects it in a single output operation or decision; the

more compression required , the slower the processing.

Compression for the human operator is equivalent to data

r educ t ion  fo r  a compute r . The more  da ta  r e d u c t i o n  a
computer can accomplish , the less need be done by man ,

freeing him to concentrate on the most important and most

qualitative aspect of processing, that of decision making.

But even this decision making aspect is being intensely

studied by researchers. Mathematical models of rational

decision processes are available and we seem to be headed in

the directicn of computer—made decisions with man acting

only as an evaluator of that decision.

D. THE RCLE OF COMPUTERS IN S I M U L A T I O N

The sheer ccmplexity of large scale systems , along with tr-~e

vastness of the electromagnetic spectrum , necessitates the

use of computers . This section will be devoted to a

discussion of the two basic types of compute r simulation ,

28
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analog and digital. The actua l incorporation of computers

• into the simulation schemes will be presented later in

-, conjunction with particular system overviews.

When a simulation is characterized by contin uous

signals, it is called analog simulation. Although it should

be applicable to both mathematical and physical simulation ,

- 
analog is usually associated with the latter. For example ,

simulation of manual attitude control of an aircraft would
proba bly be an analog type function , just as the constant

readjustmen t or “fine tuning ” of the steering wheel of an

automobile moving along a “straight” path is an analog

function. Moreover , if you look back at the earlier

comparison made between physical and mathematical

simulation , although you could associate some of the

mathematical characteristics with analog simulation , the

physical ones seem to predominate . All of this

notwi thstanding, toda y one would have to say that the analog
- computer has taken a definite back seat to digital

equi p men ts, if only to accomodate ever more powerful digital
- 

computers. When analog signals are necessary or appropriate ,

high speed digital to analog converters perform as well as
-
~ pure  analog e lements .

When simulation consists of the manipulation of

phenomena which occur with discrete values , it is referred
- 

to as digital simulation . Whereas analog techniques seemed

• to be more akin to physical simula€ion , digital ones are

- 
more closely associated with mathematical simulation. Any

• system which can be represented by a set of equations is a

• natural for dig ital simulation. This is not to say that it

is restricted to this area ; high speed analog to digital

conversion effect ively allows the application of digital

simulation techniques to continuous analog processes.

29 
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The marriage of digital and analog techniques into what

are called hybrid systems should be obvious. Digital/analog

ccnversion equipment has already been mentioned. The

advantages offered in bringing these two together are as

follows [1): The analog equipme nt lends itself readily to

simulating that pcrtion of the system which includes high

frequencies, com plex nonlinearities, and/or physical

elements of considerable variability in measured

characteristics; wh ereas, elements involving requirements

for high—accuracy , drift—free computation and complex

decision function s are ideally suited for simulation by a

digital computer .

S. SIGNAL GENERATION TECHNIQUES IN SW SIMULATION

Up to now , this paper has discussed simulation in a rather

broad and academic sense. In this section will be discussed

some of the techniques that have been used in the generation

of signals for EW simulators. The largest portion , however ,

will be devoted to a discussion of low power RF signal

generation , as this technique seems to be one of the more

widely accepted ones.

There are basically three broad categories of signal

generation:

1. RF Stimulation , which can be of two very different
-

• 
types :

* Electromag netic signals are generated at HF and

actually transmitted through space utilizing the necessa:y

power amplifying stages, and the transmitting and receiving

antennas. Implicit in this techni~ ue is the us° of actual

signal transmitters.

* Electromagnetic signals are generated a RF bit -~~~~~

hI- 
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low power. The transmission “medium ” is basically a cable

or waveguide running from the output port of the signal

genera ting equipment, to the input port of the intercept

system. High powered amplifiers and antennas are not

needed.

2. IF Stimulation: This is basically the the same as low

power HF stimulation but signals are generated and

“intercepted” at the intermediate frequencies. The “front

end” (RF amplifiers and heterodyning mixers) is thereby

bypassed in the receiving equipment .

3. Video Simulation: In this technique , synthetically

(usually computer) derived static or dynamic displays

effectively produce a replica of operational displays (e.g.

radar targets on a PPI scope) . If the IF stimulation is

seen to bypass the HF stages of a receiver , this technique

bypasses both HF and IF stages, prod ucing only a synthetic

display. One might include an audio track along with the

v ideo; for examp le, letting an opera tor hear a radar as it
“scans ” (which can be experienced visually on a

synthetically driven PPI scope) by the target platform.

The video technique , though relegated to the third

position in the above listing, has very useful applications.

If the prime intent of your trainer is to teach operator s to

recognize by sigh t or sound a particular type of signal; or

• if you seek to train/evaluate a technician on data analysis

(vice data and si~ na 1 analysis) or evaluation techniques ,

there may be no real need to actually intercept an

electromagnetic signa l, be it at RF or IF. ?~~
sophisticated intercept systems of th~ future will be highly

automated . Most of the signal param~ t~ r analysis anc~
recor ding, as well as some rudim entary decision m a king (e. - .~.

• deciding via pred etermind -e d program algoritnm s t~ at a

particular type of modulation on a particular fre-~uericy is

31
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or is not of tactical interest) , will, be managed by

computers. Under these circumstances , the intercept

ope rator will be presented with digested data upon which he

must act. The display panel will be the primary focal point

in such systems, and the ability of an operator to interact

with his display is a skill for which he must be trained and

must be tested. When the training problem is examined from

this un iqu e point of view , the need for actual signal

generation is considerably lessened if not totally

eliminated.

On the other hand , unless you are going to go through

the trouble of deliberately corrupting your displays with

noise, the video technique is apt to provide very antiseptic

signal displays. This is not “real world ” and trainees need

to be cautioned about some false sense of excellence in

performing signal analysis/measurements on such clean

signals. This method may not even afford the capa~ ility of

performing parameter measurements in the sense of injecting

a signal into a frequency meter or PRF analyzer ~s is still

extensively done today by operators in the field. Finally,

computer driven displays may require a considerable amount

of software development; this is a very expensive

• proposition.

The IF technique will not be discussed to any great

• extent because it is like the low power HF method , only at

intermediate rather tha n radio frequency. The advan tage of

this method lies in the elimination of HF stages and the

monetary savings this entails. Note however , that tuning

and gain control manipulation are lost. In the

implementation of this techniqu e, one should keep in mind

that intermediate frequencies are not necessarily the same

for all receivers. Two alternatives are possible: Fir~-t ,

the stimulator could provide various IF output ports , but

the manufacturer who already produces HF generators will

32 - I
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have to modify his equipment . What is saved in eliminating

front end circuitr y will have to pay for the equipment

modification. Second , the manufacturer might provide only

one IF output po rt, which would have to be heterodyned tn

the needed IF of the receiver , and all that has been gained

is the elimination of the HF a m p l i f i c a t i o n  s t age .  I t  may

not be worth all the trouble. With the IF technique some of

the distortion inherent in the front end of receivers is

also lost. IF stages are quieter and more stable so that

the realism included when HF stages are present is very much

diminished. Again , but to a lesser extent than with video

simulation , operators may be lulled into a false sense of

expertise in the area of signal analysis technique.

The powered HF technique is less attractive than tne low
• power technique for several reasons. Although it is

realistic (it is the actua l. signal transmitter) , it would

require the incorporation of antennas in the simulation

scheme as opposed to simple coaxial cable or wav e-gui de

between stimulator output and receiver input ports. It

would also be very expensive to buy and maintain. But this

is not to imply that the technique is totally without merit.

One can site a s~~~cialized application such as the ECM

Environment Simulator (ECES) System at the Naval Air

Development Center in Johnsville, Pennsylvania. Its purpos .~
is to determin e the susceptibility of a radar in an

environment of different types of ECM under a wide range of

conditions. Testing is done at HF with the actual radar ~nd

a jaminer “facing—off” so to speak , in order to evaluate th~
ra dar ’s ECM vulnerability. This may not be just the best

way of conducting such a test, but also ~he only way ~~r

obtaining valid performance data. So, powered HF

stimulation does have applications , but it dces n~~t ap~ ~e r

to be very  ap p r o p r i a t e  in t h e  a rea  o~ ~assi ve in t ~~r c e p t .

33

• _ _ i1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —
- -

~ •
-

~~~~~~~~~~~~~~~~~~~ ~~~~~~

—- 
~~~~~~~~



~~~~~~ ~~~~~~~~~~~~~ 
— —

Before  proceeding on to the low power  RF m e t h o d s , a
h y b r i d  low power/powered  t echn ique  has been proposed as a
possibi l i ty  by  at least one m a n u f a c t u r e r  whe re in  var ied
signal  genera t ion  is f i r s t  accomp ’ish ed at low power , the n
fed to  a pow ered s tage  for t r ansmiss ion .  This  a f f o r d s  t h e
possibi l i ty  of t es t ing  receiv ing a n t e n n a s  on board the
in te r cept p l a t f o r m  as well  as the  i n t e rcep t  su i te  it se l f .
It  also takes in to  account  p r o p a g a t i o n  e f f e c t s  because of
t r ansmiss ion  t h r o u g h  the  a tm o s p h e r e , whe reas  o ther  m ethods
do no t  a lw a y s  do so.

~1.

Having noted the shortcomings of t h e  o ther  sys t ems ,
r e l a t i ve  to the  low power  RF system , one should hav e a

f airl y easy t ime  of l i s t i n g  some of the
cha rac te r i s t i c s/ advan tages  of th is  f i n a l  t e c h n i q u e , na me ly
low powe r RF signal gen eration. What we have here are smal l
scale models  r ep l i c a t i ng  the  actual transmitters. Recall

how earlier in this paper scale modeling was included as a
method of simulation ; but whereas scaling was apt to be in

general a c r i t i ca l  proc edure in the s imu la t ion  d esi g n , it

does not appear to be too serious here as signal generation

even for powered transmission begins at low power anyway.

Implied here is the possibility of very accura~~ely

replicating the model emitter. The techniques for

g e n e r a t i n g  most s ignals a r e  f a i r l y  well  u n d e r s t o o d .  Doing  —

t h i s  on a small  scale is l i t t l e  more  t h a n  u t i l i z i n g  t h e
procosses of an actua l f u l l  scale s y s t e m .  The s i g n i f i c a n t
d i f f e r e n c e  of course , is t h e  desi r a b i l i t y  of t h e  model
g e n e r a t o r  to  have the  f l e x i b i l i t y  to g e n e r a t e  m a n y  d i f f er e ’~t
t ype s igna l s .

rhe  p r i m e  a d v a n t a g e  to HF stimulation is well stated 
~
y

J . DiGio v a n n i :  “The  i m p o r t a n c e  of H F em i t t e r  ~ i m u l a t i o n
ste.s f r o m  the  f ac t  t h a t  s eeming ly  m i n o r  v a r i a t i o n s  in
e m i t t e r  c h a r a c t e r i s t i c s  w i l l  cause n o t i c e a b l y  d i f f e r e n t
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responses in various EW receivers. As a result, accurate

recreation of emitter parameters is of major importance and

cr i t ica l ly  a f f e c t s  the  rea l i sm of the rece iver  d i s p l a y  and
audio s ignals  supp l ied  to t h e  opera tor .” [ L 4 ) Whe reas  in  t he
other  t e chn iques  t he  “f ron t  end” s tages were  e i t h e r  bypassed
or e l imina ted  a l together , in th i s  method t h e y  are re ta ined
along wi th  all the  i n h e r e n t  pecul ia r i t ies  and d i s to r t ions
t h e y  impress on an incoming  s ignal .  Th i s  is t h e  n o r m a l
result  of imper fec t  (and  un rea l i zab l e ) c o m p o n e n t s .  So if
one ’s goal is to provide the  EW t r a inee  wi th  the  most
real is t ic  e n v i r o n m e n t  possible , t h i s  technique will go a

long w ay in p rov id ing  the qualitative aspect of noise and

dis to r t ion .  It could be noted  here  t h a t  the  f i nal  f t g re e  of
real ism it will  not p rov ide  is the  s i gn a l  modification which

resul ts  f r o m  the  p r o p a g a t i n g  m e d i u m .  The  vagar i e s  of this
p h e n o m e n o n  are so complex  and  f i ck le  t h a t  or~e m a y  s imply
ha ve to sac r i f i ce  th is  degree of r ea l i sm .  N e v e r t h e l e s s ,
th i s  m a y  not necessar i ly  be t o ta l l y  imposs ible .  The N a v a l
E lec t ron ic  W a r f a r e  T r a i n i n g  Sys tem ( N E W T S )  w h i c h  w i l l  ~e
presen ted  in the fo l lowing  section , at least t akes  in to
account  the  topograph y of a g a m i n g  a rea  so th a t  one is e~~

p r e v e n t e d  fo r  example , from transmitting directly through

m o u n t a i n s ;  tha t  is , the  e f f ec t s  of t he  g e o g r a p h y  are
programmed into the signal generation. In any case , the

distortions resulting from signal processing will probably

be sufficient. Retention of the ~‘front end” also allows the

operator to perform those manual HF tuning and gain

functions associated with this segment of the receiving

equipment. In view of this fact, this technique provides

the possible utilization of the actual intercept equipment

the trainee will find in the field , an important factor

where  o n - t h e — j o b  t r a in in g  is either too costly in t e r m s  of
m a n h o u r s  lost , imprac t i ca l , or imposs ible  to  i m p l e m e n t .
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Other  advan tages this HF technique can include:

p l a c e m e n t  of several  of these e m i t t e r  models  u n d e r  con t ro l
of a compu te r  to crea te  a more complex  a n d  d y n a m i c
e lec t romagnet ic  e n v i r o n m e n t ;  b r o a d e r  a p p l i c a t i o n  to test ,
eva lua t i on  and m a i n t e n a n c e  p r o g r a m s ;  r e l a t i v e l y
s t r a i g h t f o r w ar d  i n t e r f a c e  be tween  s t i m u l a t o r  and  d i f f e r e n t
in te rcept  sys tems (one would  not expect  rad ica l
mod i f i ca t ions  f r o m  one e q u i p m e n t  to t h e  n e x t )  ;
e lec t romagnet ic  i n ter f e r e n c e  (EN I) p rob l ems  are r educed  - by
us ing  lower power , less shield in g is r e q u i r ed; by
i n t r o d u c i n g  si gn als dir ec t ly  at signal ports , the security

p roblems associa ted  w i t h  sin ’i la t ion  sys t ems  u s i n g  ac tu al
t r a n sm i t t e r s  is reduced .

The r ema inde r  of this discussion w i l l  e x a m i n e  some of
t h e  b asic t e c h n i c a l  aspects  associated wi th  the low power  HF
t echn ique .  The basic HF e n v i r o n m e n t  s i m u l a t o r  concept
emp loys  a smal l  scale e l e c t r o n i c  model  of the a c t u a l  HF
emi t t e r , where in  the  RH si gnal  is m o d u l a t e d  by an
app r o p r i a te  pulse t r a in , and  the complex  a n t e n n a  scan
pa t t e rn s  a re  elect ron ica l ly  super impose d  on the output

s ignal  by a scan p a t t e r n  genera t o r . { 4 )  We see t h e r e f o r e
t h a t  th ree of t h e  more genera l  and most  i m p o r t a n t  signal
p a r a m e t e r s  a re :  R H f r e q u e ncy  (40 GH z is t h e  most  cc mm on
upper  l im i t )  , a n t e n n a  scan c h a r a c t e r i s t i c s, and  pu l s e  t r a i n
ch arac te r i s t ics .  A more de ta i l ed  list of p a r a m e t e r s , so
broad in scope yet  specific in de t a i l  t h a t  c o m p u t e r  c o nt r . l
becomes necessary,  migh t  inc lude :

1. HF f r e q u e n c y

2 .  sca n t y p e

3. sca n t a t e

3à
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4. main and sidelobe structure

5. pulse width

6. pulse repet i t ion f r e q u e ncy

7. peculiar pulse coding/modulation , for examp le:

* pulse jitter/stagger

* puls e slid ing
* frequency agility

* ch i rp
* i n t r apu l se  m o d u l a t i o n

8. i n i t i a l  p ower  level

9. subsequent parameter changes if requ i red

To achieve a h ig~ signal densi ty electromagnetic

en v i r o n m e n t, one could ~ise a very large number of generators

or more sensibly, time division multiplex a number of

s igna l s .  T h e  s a m p l i n g  theorem states that a signal sampled

at  a f requency  tha t  is at least tw ice  its b a n d w i d t h  is
comple te ly  recoverable .  W i t h  a n u m b e r  of s ignals , s a m p l i n g
is done at a rat e associated wi th  the  s ignal  of g rea tes t  - -

b a n d w i d t h .  A n t e k n a , Inc.  po in t s  out t h e  poss ib i l i ty  of
pulse drop out wi th  t h i s  t e c h n i q u e ;  howeve r , the y ha v e
managed  to m in i m i z e  this e f f e c t (to less t h a n  1% on a
s ta t is t ical  basis) . N e v e r t h e l e s s , t h e r e  may be ins tances
w h e r e  even  t h i s  low level  of pulse dro p ou t  is u n a c c e p t a b l e ,
as in specia l ized or h i g h — p o w e r e d  s igna l s, or t e l e m e t r y
s ignals, t h u s  p r e c l u d i n g  t h e  use of multiplexed pulse
t r a i n s .

F i n a l l y ,  a f e w  wor ds on m e t h o d s a n d  m a i n t e n a n c e  of
a c c u r a t e  f r e q u e n c y  g e n e r a t i o n  ar e  in o r d e r .  P r i m a r y  m e t h o d s
of g e n e r a t i o n  i n c l u de :  Y I G — t u n e d  ( Y t t r i u m  I r o n  G a r n e t )
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osc i l l a to rs; va rac to r/ t uned osc i l la tors  and  f i x e d  c a v i t y
oscilla to r s . Tne last of these methods has the limitation

of be ing  f i x e d  to t he  one r e s o n a n t  f r e q u e n c y  of t h e  c a v i t y ,
and even  if it w e r e  m e c a a n i c a lly  t u n ab l e , b o t h  t un ing r a t e

and accuracy  w o u l d  p robab ly  be u n a c c e p t a b l e .  A n t e k n a  ran  a
se ries of tests be tween  YIG and  v a r a c t o r — t u n e d  o sc i l lato r s
to st u d y  t h e i r  f r e q u e n c y  accuracy  and  s t a b i l i t y .  The
v a r a c t o r — t u n e d  oscilla t or ’ s fas t  t u n i n g  a b i l i t y  was  f o u n d  to
impact on the  s t ab i l i ty at a ny  in d i v i d u a l  f r e q u e n c y . on the
other hand , the YIG—tuned oscillator was able to meet

stringent requiremen ts because of low drift characteristics

and low spurious signal generation.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~L _ _



V. E O  WA R FARE SIMULATORS = AN OV E R V I E W

In t h i s  section , f o u r  e lec t ronic  w a r f a r e  s i m u l a t o r s
c u r r e n t l y  in the i n v e n t o r y  or on the  d r a w i n g  boards  for
de l ive ry  in the near f u t u r e  wi l l  be ou t l ined :  t h e  A n t e k n a
7B1/ 1 S t imu la to r  a t  Groton , Co n n .  and 10A3/ 1/2/3 S t i m u l a t o r s
at Co r Ey  S ta t ion , Pensacola , Florida ; the Grumman ~aval

Electronic Warfare Training System (NEWTS) also at Corry

Sta t ion ;  and  f i n a l l y  t h e  C O N I N T / E L I N T  Rece ive r  Test S y s t e m s
(CRTS / ERTS)  in San Diego . The i n t e n t  is to make  t h e  t e ader
not  o n l y  a w a r e  of t h eir existence , but to also sho w how they

real ize  some of the  cha rac te r i s t i c s  of EW s i m u l a t o r s
en u m e r a t e d  in o the r  sections of th is  thes i s .

A.  781/ 1 S T I M U L A T O R

Th i s  device  is an R H E W e n v i r o n m e n t a l  t r a i n i n g  s y s t e m .  Two
u n its ha v e bee n manufactured by Antekna , Inc. one of which
is located at Pearl Harbor , H a w a i i , a nd t he  other a t  Gro ton ,
CO nn .  I t  employs  a snai l  scale model  of each e m i t t e r  to

p 
produce  a realistic replica of the HF environment , w h i c h  in
t u r n  is fed, t o  on e o~ f o u r  rece iver  s y s t e m s .  Th e
s t i m u l a t o r ’ s o u t p u t  r epresen ts  18 m a n e u v e r a b l e  R F  ( r ada r
t y p e )  emi t t e r s  and 16 non— m a n e u v e r a b l e  c o m m u n i c a t i o n s
emi t t e r s .  Except fo r  f r o n t  panel  control  s e t t i ng s  of
ancillary devices and communications channels , magnetic tape

input s to ancillar y devices , and patch panel connectors ,

operation of the stimulator can be computer—controlled

durin g the period of a simulated mission. Under computer

control , the stimulator prod uces a mission in r e a l — t i m e  by
simulating changes in range and bearing of the ma~~euverabl~ - 

-

platforms an~i the observer ’s own shi p. Fixed t atgets can he
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gen erated th rough  f ron t  pane l  controls  on the  emi t te r
mod ules. A mission can be i n t e r r u p t e d  at any desired t i m e ,
and t h e n  cont inued  or res ta r ted  u n d e r  compu te r  control .
Mod i f i c a t i ons  to a p r epunched  ( i n p u t  is via p a p e r  tape)
scenario can only be accomplished wi th  the  sys tem ha l ted ,
i . e . ,  ei ther before  i n i t i a t i on  at t ime  0000 or d u r i n g  some
i n t e r r u p t  period ; it cannot  be mod i f i ed  d u r i n g  ac tua l
program execut ion.  After the scenario has been entered into

compute r  storage , the  mission may  be r u n  ( m a x i m u m  du ra t ion :
2 hours) , or a paper  t ape  of the progra m may be p u n c h e d  as
o u t p u t  f o r  l ib ra ry  storage.

The ma j o r  f u n c t i o n a l  po r t ions  (see F i g u r e  1) of the
sys tem are:

1. compu ta t ion/ con t ro l  cen te r

2. em i t t e rs

3. anc i l l a ry  devices

4 .  s t imu la to r/ r ece ive r  i n t e r f ace s .

The equ i p m e n t  is housed in seven racks an - 3  one
f r e e — s t a n d i n g  t e l e t y p e w r i t e r  Un i t .

1. The C o m p u t a t i o n/ C o n t r o l  C e n t e r  (C CC) . r h e
multiplicity of emitters represented in the sys tem , each
with parameters which can be varied from t i m e  to t im e ,
requires that the major p a r t  of the sys t em ~e a u t o m et i c a l l y
c o n t r o l l e d .  In the  781/1 this is accomplished by the CCL.

Its components consist of an Hewlett Packard (HP) 1o8 el

2100A computer , iodel KSR 37 teletypewriter , HP ~1odel  2 753P~
Paper  Tape  P u n c h , HP Model 2748A Paper Ta pe Read ’~r , a n d  a n
A n t e k n c ~ m a n u f a c t u r e d  Device  I n t e r f a c e  Unit (DFJ) . Excep-

f o r f r o n t  pane l  con t ro l  se t t ing .i  of a n c i l l a r y  devices ,
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magne t i c  t ape  i n p u t s  to a n c i l l a r y  devices , and p a t c h  panel
connections of a n c i l l a r y  devices , the  operat ion of the
s t imu la to r  is under  c omp u t e r  control d u r i n g  the pe r iod  of a
s i m u l a t e d  mission.

Ins t ruc t ions  for  operat ion are entered in to  the  CCC ,
wh ere t h e y  are stored in b u f f e r  m e m o r y ,  via p u n c h e d  paper
t ape  an d/or the  t e le type  un i t .  The ins t ruc t ions  es tab l i sh
the in i t ia l  time an HF e m i t t e r  appears , its signature (i.e.,

those pa rame te r s  such as , pulse w i d t h , pulse r e p e t i t i o n
f r e q u e n c y ,  bean w i d t h , scan t y p e  and r a t e , e t c . )  , t h e
e m i t t e r ’s ini t ial  range  and  b ea r ing ,  and its course  and
speed and po ss ible  t u r n i n g  m a n e u v er s  a t  the  outset  or l a te r
in the  exercise . The c o m p u t e r  ca lcula tes  new r a n g e  and
b ea r i n g  i n f o r m a t i o n  a t  one—second  (or l onger , if desi red)
i n t e r v a l s .

Once a scenario has been en tered , the  o u t p u t s  of t he  CCC
are ei the r , a punched  paper  tape  record of the  i n p u t t e d
program , or a miss ion scenar io  r u n .  A mission run  is
i n i t i a t ed  by starting the rea l time clock. The basic time

i n t e rva l  is one se cond but  can be m ade  longer ;  t h i s, of
course , w i l l  a l ter  (speed up) the time scale of the scenar io
even t s .  The compu te r  o u t p u t s  to the  device  i n t e r f a c e  u n i t
are series of c o m m a n d  words  and data words .  T h e  c o m m a n d
words i d e n t i f y  the R H e m i t t e r  devices to w h i c h  the  data
words  a re  ass igned.  The da t a  words  i d e n t i f y  such H F e m i t t e r
ou t p u t pa rame te r s  as ca r r i e r  f r e q u e n c y ,  pulse w i d t h  an~
pulse repe t i t ion  f r e q u e n c y ,  and the  e l e m e n t s  of t h e  a n t en n a
scan p a t t e r n .  These da ta  words  a r e  o u t p u t  at least once

every  f i v e  m i n u t e s , w h e t h e r  t h e  p a r a m e t e r s  h? c h a n g e d  or
not , to g u a r d  aga ins t  loss of i n f o r m a t i o n  in  the  H F  e~i i t t~~r
d evices.  There a re  o the r  data words  as w e l l  w h i c h  s p e c if y
t h e  e m i t t e r  c u t p u t  level as a f u n c t i o n  of the  s i m u l a t e d
range , and  spe c i f y  the simulated bearing of the emitt ’~r.

These r a n g e  and  bea r ing  w o r d s  are output once per basic tim e
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inter val. The computer uses the initial range , initial
b e a r i n g ,  heading , speed , and rate of turn to calculate a new

range  and b ea r ing  when t he  clock advances  a t ime i n t e r v a l ,
and uses the  new r a n g e  and  new bea r ing  to r e p e a t  the
ca lcu la ticn  cn successive a d v a n c e s  of the  clock.

The c o m p u t e r  o u t p u t s  to t h e  Device I n t e r f a c e  U n i t  (DIU)
(A n t e k n a  Model 5320) a re  b i n a r y  ou tpu t s ;  but  the  data words
to the HF emi t t e r  devices must  be in BCD
( b i n a r y — c o d e d — d e c i m a l )  f o rm a t .  The f u n c t i o n  then of t h e  DIU
is to conver t  the raw b i n a r y  information to BCD , a n d  ou tp u t
t h e  newly—coded  i n f o r m a t i o n  onto a s ing le  data l i n e  w h i c h
goes to the  f i r s t  HF e m i t t e r  device  in w h a t  is ca l led  a
“dais y cha in . ” A n  illustrative example of a daisy chain is

shown in F igure  2. A B CD w o r d  a r r i ves  at t h e  pul se
gene ra to r  wh ich  checks if there  a re  a n y  i n s t r u c t i o nS
pertinen t to its function , then passes the wor d along the

chain to the microwave source/modulato r which checks, and

t hen  passes to t he  scan p a t t e r n  g e n e r a t o r , etc. Ea cn -~~F
emit t er device conta ins  l ine  d r i v e r s  wh ich coup le  t h e  d at a
to t he  nex t  device  on the  buss. A n t e k n a  c l a i m s  the

following benefits in this control transfer method: a)

m i n i m i z a t i o n  of l ine  r ef l ec t ions  and system no i se ;  b )
decreased icad ing  of the data  source ; and C) w i t h  m i n o r
except ions, ident ica l  data  coup l ing  cables t h r o u g h o u t  t h e
da ta  sys t em .  O t h e r  cha rac t e r i s t i c s  noted by op er a t c r~ in
the  f i e l d  inc lude :  a) i n h e r e n t l y  s lower  response because  of
the  se r ia l  n a t u r e  of t he  c h a i n , b u t  th is  m a y  be more
academic  t h a n  a n y t h i n g  else , especia l ly  w h e n  e x e c u t i o n  speed

• is not exc~ ssively c r i t i c a l ;  b) if one  device  in t h e  c h a i n
f a i l s , t h e  subsequent  devices a re  e f f e c t i v e l y  i n o p e r a t i v e
( b u t  c o n v e r s e l y ,  this ma kes isolation of the  f a u l t y  u n i t
r e l a t i v e l y  easy and  it could possibly be j u m p e r  by—passed
d u r i n g  r e p a i r )

2. R~ E m i t t e r s . The ~F em i t t e r s  a r e  d i v id e d  i n t o  ~wo
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ma jor classes, “maneuverable ” an d “non—maneuverable. ” Those

HP emi t t e r s  whose ou tpu t s  provide  no s imula t ion  of v a r i ab l e
range and bearing are termed non—maneuverable emit ters.

They are provided as 16 c o m m u n i c a t i o n s  c h a n n e l s  by an
Ar itekna  Model  7240 C o m m u n i c a t i o n  S igna l  S o u r c e /M o d u l a t o r .
This u n i t  has  16 HF sources at preset discrete f r e q u e n c i e s
f r o m  5 kHz to 50 MHz , each source  h a v i n g  i n d e p e n d e n t  AM and
FM c apab i l i t y .  A d d i t i o n a l l y ,  two c h a n n e l s  provide LSB , DSB ,
US B or re inser ted carr ier  signals . F r o n t  panel controls
p e r m i t  t h e  opera to r to select t he  desired c h a n n e l  modes .
The c o m p u t e r  program exercises control only in turning these

em i t ter s  on or off  d u r i n g  t h e  mission r u n .  The  m o d u l a t i n g
signa l , if any ,  is selected by patch  pane l  c o n n e c t i o n  f r o m
one of the anc i l l a ry  devices . The i n p u t s  to t h e
n o n — m a n e u v e r a b l e  H F emi t t e r s  are , th e r e f o r e , ON/ OFF com m a n d s
f rom the  CCC , a n d m od u l a t i on s ignals  f r o m  the anc i l l ar y

de vices.  The -~.ut puts  are modu la t ed  or CW H F c a r r i e r s  which
are appl ied to the s t imu l a t o r/ r e c e i v e r  in t e r faces .

The m a n e u v e r a b l e  HF em i t t e r s  p rov ide  s i m u l a t i o n  of ran~ e
and b e a r i n g  under  control  of the  CCC. T h e y  are p r o v i d e d  as
16 single—emitter platforms and 2 f o u r — e m i t t e r  p l a t f o r m s .  A
t yp i ca l  g roup  of devices c o m p r i s i n g  an H F e mi t t e r  inc ludes :

* P r o g r a m m a b l e  Pulse  G e n e r a t o r  (PPG) , A n t e k n a  Model
121 0

* M i c r o w a v e  Source M o d u l a t o r  ( M SN )  , Antekna Model 3300

* Complex Scan Cont ro l l e r  (CSC) , Antekna Model 5310 ,

an opt ional  device which  m a y  not be used in all HF em i t t e r
g r o u p s

~ Scan Pa t t e rn  G e n e r a t o r  (S P G) , A n t ek n a  M odel  1400
* DF I n t e r f a c e, A n t e k n a  Model  7232

A l l  of these devices a re  p r o g r a m m a b l e  f r o m  a s i n g le  la i sy
chain data  bus , or all , excep t  t h e  DF i n t e r f a c e , can be
m a n u a l l y  set f r o m  f r o n t  pane l  c o n t r o l s .

The  P r c g r a m m a b l e  Pulse  G e n e r a t o r  s u p p l i e s  pulse
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modulation signals for two targets. The output is a pulse

train of specified pulse width (0.1 usec — 990.0 usec), and

pulse repet i t ion i n t e rva l  ( 0 . 2  usec — 9 . 9 9  msec) , w hich  is
appl ied  to the target  m i c r o w a v e  source mo du la to r  as a pulse
modu la t i on  s ignal .  For some ta rgets, the connec t ion  f r o m
the PPG to M SM is made t h r o u g h  a pa tch  panel  so tha t other
sources may be used to pulse modula te  the M S M .  There  is
also a special vers ion of the  PPG which  p r cv ides
ps eudora r i dom pulse j i t t e r  up to 999.9 usec wi th  0 .1  usec
reso lu t ion .

The Scan Pattern enerator generates antenna scan

p a t t e r n s .  Its scan p a r a m e ter s  i nc lude :
* sca n ra te  ( .001  Hz — 9 9 . 0  Hz)
* scan mode (conical , c i r cu l a r , un i d i r e c t i o n a l  ari~.

b i d i r e c t i c n a l  sector)
* main lobe bea m w i d t h  at the  3dB p o i n t  (1° — 99°)
* sector wid th/ scan  o f f s e t  angle  ( 1° — 360°)
* sidelobes ( f i r s t , second , and the r e m a i n i n g  ones  a re

digi tal l y a d j u s t a b l e  from 0 to 4 0d B below the  main  lobe)

The  lobe shape or s t r u c t u r e  is i n t e r n a l l y  (not  co n D u t e r
con t ro l l ed)  a d j u s t a b l e  to be ± 30% of an ideal  pa rabo la . The
conical scan t rack is a d j u s t a b l e  f r o m  “ search , ” to “lock
on. ” As with the PPG , for some targets, the connection from

t he  SPG to t h e  M SM is made  t h r o u g h  a patch panel so t h a t
o ther  sources may  be used to a m p l i t u d e  m o d u l a t e  t he  M S M .

The Complex  Scan Con t ro l l e r  operates  in c o n j u n c t i o n  w i t h
t h e  SPG ( t a rge t  em i t t e r s  1 — 7 e x c l u d e d )  to p r o d u c e  more
ccmplex  scan pa t t e rns  t h a n  can be gene ra t ed  by t h e  SP G
alone .  The i n p u t  p a r a m e t e r s  to t h i s  device  inc lude :

* scan mode ( P a l m e r , spira l , or r a s t e r )
* ras te r  sector w i d t h  (10 ° , 20° , 30° , 400 , 6 0 ° , or Q I )O

h o r i z on t a l l y ,  and 2° — 20° v e r t i c a l l y )
* ras te r  bea m w i d t h  (1 0 ,20, or 4 0)

44

~~~~~~~1T1~~  ~~~~~~~~~~~~~~~~~~~~



So, in conjunction with the SPG the following scan

patterns can be simulated:

* conical
* circular
* Palmer
* spiral
* raster

* ver tical sector , both unidirectional and
bidirect ional

* horizontal sector, both unidirectional and

bidirect jamal

* omnidi rec t iona l

The DF Interface used in conjunction with the 731/1

consis ts  of 11 t a r g e t  o u t p u t s , al l  r e l a t e d  to a i i n ; le

a n t enn a  system. The  i npu t s  to t h e  Model  7 2 3 2  are  -data w o r d s
f ro m the  compute r  r e p r e s e n t i n g  the  s im u l a t e d  b e a r i n q s  of t~ie

different targets , and s y n c h r o  s iqna ls  f r o m  t n e  a n * e n n a ,
d e f i n in g  a n t e n n a  b e a r i n g .  The o u t p u t  of each s ect ion  is an
analog signal , whi ch has  a shaped  lobe c e a t e r -~d at

coincidence be tween  t a rge t  bea r ing  and  a n t e n n a  b e a r i r ~-, .  Th e
signal  is appl ied  to t h e  M i c r o w a v e  S o u r c e /M o l u l a t o r  to
si mula t e  the  DF e f f e c t .

The Microwave  Sou rce /Modu la to r  suppl ies  an H F c a rr i ? r
and m o d u l a t e s  the  ca rr ier  f r o m  e x t e r n a l l y  a p p l ied  s i gna l s .
These appl ied  s ignals  i nc lude  a c o m p u t e r  o u t p u t  l e v e l  word
r e p r e s e nt i n g  the s imula ted  r ange  of the  t a r g e t ;  a pu l se
m o d u l a t i o n  s ignal  f rom t h e  PP G; a level si gna l  f r o m  thC  DF
I n t e r f a c e ;  a n d  an ana log  s igna l d e f i n i n g  t h e  a n t e n n a  sca n
p a t t e rn , t y p i c a l l y  f r o m  t h e  SPG.  The  M S M  is c a D a n l e  of — W
ope ra t ion , pulse m o d u l a t e d  o u t p u t , a m p l i t u d e  m o d u l a t e d
o u t p u t , or combined  pulse and  a m p l i t u d e  m o d u l a t i o n .  Excep t
when it is p r o g r a m m e d  t simulate an omnidir ectional

r a d i a t o r , t h e  M S M t y p i c a l l y  o per a t .~s 1 n t h s  l a t t e r  c o m n i n e d
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mode. The o u t p u t  of the  MSM is applied through H? combiners

and splitters to the receiver inpu ts.

• 3. A n c i l l a r y  Devices.  These a re  m a n u a l l y  con t ro l led

j s ignal  sources whose o u t p u t s , though  not  ccn t ro lled  by the
CCC , are selectable t h r o u g h  a pa tch  panel  for  a p p l i c a t i o n  to
the  e m i t t e r  u n i t s  to p rov ide  a d d i t i o n a l  sources  of
m o d u l a t i o n .  In add i t i on  to the  M od e l  724 0 C o m m u n i c a t i o n
Signa l  Sou rce/Modu la to r  w h i c h  was descr ibed  e a r l i e r , the
f o l l o w i n g  u n i t s  compr i s e t h e  A n c i l l a r y  Devices: an Ampex
Model  A~ 5 0 0 — 4  t a p e  u n i t  w h i c h  p r o v i d e s  4 c h a n n e l s  of au d io
s i g n a l ;  t hr e e  HP 2 0L 4 C S i n e w a v e  G e n er a t o r s  w h i c h  p r o v i d e
sin usoids  f r o m  5 ~-i z to 1 . 2  M H z ; and  a Gen e r a l  R a d i o  Type
139 0R Ra ndc n Noise G er .~ :ato r w h i c h  p r o v i d e s  u n i f o r m  w i d e b a o - 3
n oise f rom 5 H: to 5 M~i z .  Fr o n t  pane l  c o n t r o l s  p r o v i d e
ad~~ustmen t of o u t p u t  level a n d  low ~ ass f i l t er s e i ec t i cn  fo r
ranges  up to 20 kHz an d  500 k~1z . The re  is also an A n t e k n a
Model 1294 Pulse Ood-e Generator and an Antek na Special Code

Modulator , the latter of which provides tne following types

of sig na l s :  fr e gu e n cy  s h i f t  k e y i n g  ( F S K ) ; i n t e r r u p t e d
co n t i n u o u a  w a v e ;  i n- d e n t i f i c ar  ion f r i e n d  or f o e  (1FF) ;
i n t r a — p u l s e  ~t M ;  and tel -~m et rv  s igna ls  s u c h  as PPM , 2D~t ,
F M / F M , a nd A N / A M .

4. Stimulator/Receiver Interfaces . These consist of DF

i n t e r f a c e s  (which  have  a l r e a d y  been desc r ibed)  and  H F
combiners .  The RF c omb i n er s  b a s i c a l l y  c o m b i n e  t h e  o l t p u t s
of sever a l  plat fo rm e m i t t e r s  o p e r a t i n g  w i t h i n  a s i ng l e  band
fo r  a p p l i c a t i o n  to receiver  t e rm i nals .

C o m m e n t s :  The 73 1/ 1 r e p r e s e n t s  a modes t  bu t  s t i l l  sm a l l
scale i m p l e m e n t a t i o n  of an E J  s im u l a t o r .  A l t h o u g h  p lans
h a v e  been f o r m u l a t e d  to s i g n i f i c a n t l y  i m p r o v e  i t s
c a p a b ili t ies (some w h i c h  ar e  u n c l a s s i f i e d  w i l l  be discussed
m o m e n t a r i l y )  , s t i ll it w o u l d  be gool to e x a m i n e  some of it s
c u r r e n t  d e f i c ien c i e s .
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Problem s associated with the daisy chain data bus were

discussed earlier; basically, if the nodule at the head of

the chain fails, then the whole chain fails; i.e., there is

no graceful system degradation , although the bad module may

be bypassed  once isolated.  The number  of ta rget  emitters
available is very small and cannot p r o v i d e  for  real is t ic
signa l densi t ies. Of t he  34 possible e m i t t e r  p l a t f o r m s , t h e

16 which  are  exc lus ive ly  c o m m u n i c a t i o n s  e m i t t e r s  are
n o n — m a n e u v e r a b l e , ca nnot  be D F ’d , and have  f ixed  f r e q u e n c i e s
— not a very real is t ic  s i t u a t i o n  at a l l .  Of the  o the r  18
p l a t f o r m s , only 2 a re  m u l t i — e m i t t e r  (4 )  , the r e m a i n i n g  are
single em i t t e r  - again not very  r ea l i s t i c .  And 7 of t h e  18
p l a t f o r m s  cannot  make  use of t h e  C o m p l e x  Scan C o n t r c ll e r ,
n ot  necessar i ly  a c r i t i ca l  point , b u t  a l im i t a t i o n
me vet the less.

Modifications to signal parameters through

instructor/operator control cannot be executed while the

scenario is being run . Changes must be made after the

program has been loaded but before execution has begun , or

the program must be interrupted to insert a change far an 
- 

-

instant future to the stop—time . This does not allow the

i n s t ru c t o r  much  f l e x i b i l i t y  in p a r a m e t e r  m o d i f i c a t i o n .

In conversa t ions  w i t h  per sonnel  associated w i t h  t h e
Groton i n s t a l l a t i o n, the  s y s t em  is repo r t ed  to h a v e  too low
an  o u t p u t  becaus e of t h e  l ine  losses s u f f e r e d  ~n s i gn u l
t r a n sm i s3 i on , and post amplification appears to make t h e
noise p r o b l e m  even more severe .

As for  pro jected modifications/i mprovements , the

following unclassified ones are  of s i g n i f i c a n c e .  The
density of both COIIINT and ELINT emitters will be incr?a3~~i.

At t h e  present  t i m e  all p a r a m e t e r s  f o r  a p a r t i c u l a r  e m i t t e r
must be repeatedly specified. The updated system will see

introduced computer aided scenario pre pa ration wher-~in 
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comprehens ive  e m i t t e r  s i g n a t u r e s  and p l a t f o r m  c o n f i gu r a t i o n s
will be held in a library for call—up when desired.

Fina l ly ,  new int erfaces wi l l  be developed to accom odate  two
add i t iona l  receiver  sys tems .

B. N A V A L  E L E C T R O N I C  W A R F A R E  T R A I N I N G  SYST~~N ( N E W T S )  , D E V I C E

1O H1

This par t icular s i m u l a t o r  is not yet in t h e  N a v y ’s
• i n v e n t o r y  of EW t r a i n i n g  devices , yet  its scope is so bro ad

and  i ts possible impac t  of such impor t , t h a t  it d eserves  to
be discussed well b e f o r e  its i n c e p t i o n.  The t r a i n e r  is a
gener ic  EW 

- 
s i m u l a t o r  in c o r p o rat i n o  e l e m e n ts of

co m p u t e r — a s s i s t e d  i n s t r u c t i o n  (CAl) , a nd c o m p u t e r - n a n a g e d
i n s t r u c t i o n  (C MI)  . I t  is being d e s i g n e d/b u i l t  b j  G r u m m a n
Aerospace  Corpora t ion , a nd wi l l  be ins ta l l ed  at  t h e
Conso l ida te d N a v a l  Electronic warfare School , Corry ~tition ,

Pensacola , Flor ida. As of t h i s  w r i t i n a , G r u m m a n  has  f i x e d
the l a rge  scale h a r d w a r e desi-~n , a nd is p r e s e n t l y  w o r k i n g  on
s o f t w are a n d  detai led sys tem de s i g n .  A User Project Team

(U PT)  , comprised of military personnel a: Co r ry  has been
fo rmed  tc  f o rm u l a t e  th e  f i r s t  i n s t r u c ti o n a l  s t r a t e g i e s . A
p r o t o t y p e  u n i t  is expected at  the  end of 1977;  v a r i o u s
facets/stages of installation testing will b~ cond ucted
throughout 1978; and the first full—fledged input of

s t u d e n t s  wi l l  h o p e f u l l y  be processed in Spring 1979.

N E W T S  is an in o v a t i v e  d e v e l o p m e n t  in sys tems
e n g i n e e r i n g ;  it is the  f i r s t  l a rge  scale m e r g e r  of
t r a d i t i o n a l  s i m u l a t i o n  t e c h n i q ue s  ( a l t h o u g h  t h e r e  w i l l  be
some s i g n a l  gene ra t i on , most  of the  d i sp l ays  w i l l  be
s y n t h e t i c a l l y  d r iven )  w i t h  CAl in one t r a i n i n g  ‘~n v i r o n m .~n t .

~ 5] It is designed to p r o v i d e  ~~~~~ EW t r a i n i n g  f o r  g- ~neric
su r f ace , s u b s u r f a c e , and  a i r b o r n e  EW s y s t e m s .  It  w i l l  n ot
necessa r i ly  be u s i n g  a c t u a l  E W e q u i p m e n t s used in t h e  f i e ld ,
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or ev en their fron t panels. Rather , it will drive front

panels  which are ~~~~ those on present  e q u i pm e n t s , to t he
e x t e n t  t hey  pe r fo rm s imi la r/ exac t ly  the  same  f u n c t i o n s .  It
is i n t ended  tha t  s tudents  t r a ined  on th is  sys t em would
proceed to f o l l o w — o n  training which would utilize actual

f ield equ ipmen t s .  Because of its f l e xi b i l i t y ,  N E W TS is
expected to assist in the training of specialists of as
diverse b a c k g r o u n d s  as: ET’s, AT ’s, CT ’ s, EW ’ s bo th  r a t ed
and n o n — r a t e d , NFO ’s, su r face  EWO ’s, Marine personnel , and

s t a f f  personnel  assigned to EU and t r a i n i n g  dut ies. W h e n
the sys tem is comple t e ly  o u t f i t t e d , it is expected t h a t  some
2500 students per year  could be processed t h r o u g h  N E W T S .
One should caution however that NEWTS in and of itself does

not compr ise  the  who le  of t h e  t r a i n i n g  concept , it is
intended to be only a portion of an overall training program

that would still include traditional classroom/group

instruction , and other audio—visual techniques. ~aat NEWTS

would provide is not only the opportunity to practice

certain intellectual/motor skills asso~~ ated with EU watch

s t and ing  (e .g .  r ecogn iz ing  a s ignal  t y p e , then measuring its

paramete rs) but , t h r o u g h  its a b i l i t y  to s im u l t a ne o u s l y
stimulate several “watch” sta t ions , also begin to focus on

the element s/ impor tance  of coord ina ted  team e f f o r t  well
b e f o r e a man gets out into t~ie field where cooperation and

coord ina t ion  are of the  essence.  S p e c i f i ca l l y  t h e n , t h e
tra iner is employed  as the  t r a i n i n g  veh ic le  fo r  EW
exercises, generic systems familiarization , opera tor skills

development , operating techniques , electronic warfare

capabilities and limitations , and EW team—type training.

1. Technical  Features

Both t h e  system h a r d w a r e  a n d  s o f t w a r e  are  be ing  d e s i g n ed  on
a m o d u l a r  basis so tha t  fu t u r e  changes  m a y  be m o r e  r e a d i l y
i ncor p o r at e d .  There a re  a lso two ot h er  a d v a n t a g e s : it w i l l
al low fo r  p ro t r ac t ed  p iecewise  purchase  of s y s tem

4 9
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componen t s , ra th er than  h a v i n g  to buy  the whole  s y s t e m  at
the ou t se t  ( a l t h o u g h it is recogn ized  t h a t  i n f l a t i o n  wil l  -

:

c e r t a i n l y  result  in a price inc rease on i tems purchased
l a t e r )  ; and  it wi l l  al low fo r  thorough testing of the first

i n c r e m e n t  of componen t s  to v e r i f y  sys t em spec i f i ca t i ons
befo re  c o m m i t t i n g  the r e m a i n d e r  of the  a lo t ted  f u n d s . The
t r a ine r  then , is modular  in design and consists o f :  on the
low est leve l, the  s tudent  t r a inee  s ta t ion ( m a x i m um 70
s ta t ions)  ; a t  an i n t e r m e d i a t e  level , a s i m u l a t i o n  subsys tem
to con t ro l  as m a n y  as 20 s t uden t  s t a t i ons ;  a n d , at the

highest level , an executive subsystem to perform control and

mass storage of emitter library, standard exercises, and
stl4 dent  d a t a .

In addi t io n to t h a t  me n t i oned  a b o v e , the  e x e c u t i v e
subsystem provides all fetc~i , distribution , and a v a il a b il i ~-y
func t ions r e l a t i v e  to the t r a i n e r  u t i l i z a t i o n .  it includes

a supervisor console for off—line programming, mission

p r e p a r a t i o n , syl labus  g e n e r a t i o n , s y s t e m  control , and

m c n i t o r i n g  of cu r r e n t  s t u d e n t  s ta t ion  s y s t em  s t a t u s/u s a g e .
A dig i ta l  compute r  s y s t e m  with peripherals handles all

o p e r a t i o n a l  and a dm i n i s t ra t i v e  f u n c t i o n s .  The e x e c u t i v e
s c f t w a r e  p r i m a r i l y  is concerned  w i t h  t r a i n e r  m a n a g e m e n t .  I t
ma i n t a i ns  t h e  da ta  bases used by each of the subordinate

subsystems , an d  accepts a l t e r a t i o n s  to the  t r a i n in g
exercises .

The si mu l a t i on su bs ys te m is the controlling system

for  20 s t u d e n t  s ta t ions .  It  p rov ides  t h e  f o l l o w i n g  c o n t r o l
f u n c t i o n s  fo r  the s t u d e n t  s t a t i ons  ( e i t h e r  t a k e n
i n d i v i d u a l l y  or in groups)  :

a.  e s t ab l i sh ing  EW e q u i p m e n t  c o n f i g u r a t i o n s

b. a s s ign ing  s p e c i f i c  p rob le m s  ~in d  s cena r io s ,
i n c l u d i n g  C A t

50



— -- -____________

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~ n~~Ti~: ~~

— -
~~~
‘
~~ 

—

c. es tabl ishing the  phys ica l  e n v i r o n m e n t  ( i n c l u d i n g
n u m k ~er , t y p e , and location of emi t t e r s )

d. inser t ing  and r e m o v i n g  m a l f u n c t i o n s

e. scoring and  keep ing  records f o r  eadh s t u d e n t

f .  opera t ing  the  s t u d e n t  s t a t i o n  to s tar t , f r e e ze ,
reset , et c.

g. coordinating activities for up to f i v e  s t u d e n t
s ta t ions  ac t ing  as a t eam on one p l a t f o r m

h. coo rd ina t ing  a c t i v i t i e s  of two  or more  p l a t f o r m s
in a common e l ec t romagne t i c  e n v i r o n m e n t

i. es tab l i sh ing  i n t e r n a l  and  r a d i o  c o m m u n i c at i o n s
networks

j .  p r o v i d i n g  s im u l a t e d  video and  voice r e co r d i n g s ,
and hard copies of the student station instructional display

pages.

The simulation subsystem consists of two ma ior

uni t s : the  simu lation c o m p u t e r ;  and  t h e  i n s t r u c t o r/ d e v i c e
operator console. Peripheral equipment provided with t -ie

simulation subsystem includes a te letype unit and large

capaci ty  b u l k  s torage.  I n  addition , it contains a PPi  v ideo
simulator which generates video for all targets in a

specific exercise. The simulation subsystem software

controls and monitors the training exercises. It m a i n t a i n s
the electromagnetic environme nt , provides CAl , and scores

and/or evaluates individua l :tuderit pe rformance.
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The student stations , of which there will be a

m a x i m u m  of 70 in NEWTS , each consists of :

a.  a genera l  purpose  dig it a l  compu ter

b. a signal g e n e r a t i o n  u n i t , ca pab le  of
s i m u l t a n e o u s ly p r o v i d i n g  t w o  d iscrete  baseband signals for
d etai led ana lys i s ;  this  un i t  also provides  the  c a p a b i l i t y  to
dr ive  m u l t i p l e  a c t i v i t y  d i sp lays  c o r r e s p o n d i n g  to the
e l e c t r o m a g n e t i c  e n v i r o n m e n t  and  receiver c h a r a c t e r i s t i c s

c. a rece iver/ d ispla y in te r f a c e  u n i t , c o n s i s t i n g  of
two programmable receiver models , each capable of processing

one of the two detailed video outputs of the s igna l
g e n e r a t i o n  u n i t

d .  a dat a g at i n g  a n d  encoding  u n i t , basica ll y a
b u f f e r  to t h e  c o m p u t e r  buss

e. a data storage u n i t , w h i c h  s teer s com pu t e r  ou tp u t

data -to m emory elements in order to illuminate the panel

indicators that establish the operational c ha r a c ter i s t i c s  of
the exercise

f .  rece iver  d i sp lay  and control panels consisting - -

of c o m p u t e r — c o n t r o l l e d  h a r d w a r e  devices  to  s i m u l a t e  a
gener ic  va r i e ty  o f  E W  equ ipm e n t s  -

~~~

•
1

g. two graphic/alphanu meric CRT’s, an alphanumeric

k e y b o a r d , and five CRT ’s to simulate five—trace analysis

d i sp l ays, polar DF displays , 1F1 spectral displays ,

p a n o r a m i c  d i sp l ays , etc.

The student station s o f t w a r e  i n t e r f a ce s  w i t h  t h e  syst~~m
h a r d w a r e  to g e n e rat e  s i g n a l  en v i r o r ~m -~n t ~~, it mon i ’- o r s

52



— — — ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- _ _:

~~ 

-

s tu d ent  reac t ion , and  d r ives  the  gener ic  pane l s  to r e p r e s e nt
specific equipments.

in a d d i t i o n  to t h e  s o f t w a r e  a s soc i a t ed  wi t~ ea c h

subsystem noted above , there are  f o u r  o ther  s o f t war e

categories which will be briefly outlined:

a. Training Exercise Operational Programs , which

manage the operational aspects of the training exercise for

all computational levels

b.  T r a i n i n g  S u p p o r t  P r o gr a m s , w h i c h  co ver a l l
s o f t w a re p r o g r a m s  t h a t  d i r ec t ly s u p p o r t  t he  a u t o m a t i o n  of
sy l l a b u s  g e n e r a t i o n  by t he  i n s t r u c t o r , course  a u t h o r i n ~~, a n d

del i v e ry  to the  s tuden t

C. S o f t w a r e  Sys tem S u p p o r t  P r o g r a m s , w h i c h  a re
d esigned to s i m p l i f y  p r o g r a m  d e v e l o p m e n t  and  im p l e m e n t a t i o n

d. Mai n t e n a n c e  Test P r o g r a m s , w h i c h  help i s o l a t e
f a i lu res  in t h e  sy s t em .

For all modes of ope ra t i on , the s i m u l a t i o n  sys t em
represen t s  a tac t ical  e l e c t r o m a g n e t i c  e n v i r o n m e n t  in a
g e o g r a p h i c  gaming  area , 5 12  b y 5 12 n a u t i c a l  mi les , f r o m  sea
level to 1O 0 ,00~) f e e t .  Fo u r t e e n  si g na l  m a s k i n g  c ur t a i n s
p e r m i t  the s i m u l a t i o n  of t e r r a i n  b lock ing  f e a t u r e s  wh ich
a f f ect s ignal  de tec t ion  an d  i n t e r c e p t  b y  sensors located
wi th i n t h e  de tec t ion  envelope. A curtain can be up to 512

na u t ica l mi les  long in one s u r f a c e  c o or d i n a t e  and  f r o m  sea
level  to 20 ,000 f ee t  in he igh t . ‘

I

The en v i r o n m e n t  consis ts  of 25o ~i f fe r e nt
p r e — p r o q r a m m e d  e m i t t e r s  a m o n g  w h i c~i are the E o i l o w i n g  and

t h e i r special  f e a t u re s :
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a. up to 128 emitter types available for use in a

probl em , with up to 32 independent emitters that may be

detected at any given time at a st u d e n t  s t a t ion

b. up to 32 simulated platforms (friendly and/or

hostile , one of which is own ship) to which erlt :ers may be

assigned and tracked

c. some 32 emi tters wi t h the maximum received signal

strength (on a line—of—sig ht relative to own ship) available

for  d i sp l ay  at a n y  g iven  s t u d e n t  s t a t i on

d. emitter signals represent radars , data links,

c o m m u n i c a t i o n s , elect r o — o p t i c s , and n a v i g a t ion - t y p e
t r a n s m i s s i o n s ;  t h e y  a f f e c t  d i sp lays , a ur a l  to nes , con t r o l s
an d  i n d i c a t o r s  on the  s im u l a t e d  e q u i p m e n t s of t h e  s t u d e n t
s t a t i on  and  i n s t ruc to r/ dev i ce  ope ra to r  pos i t ions

e. Emi t te r  si gnals , on fixed or on m o v i n g  p l a t f o r m s ,
are capable  of be ing  pos i t i oned  or r epos i t i oned  a n y w h e r e  in
the  g a m i n g  area at a n y  t ime d u r i n g  the  exercise .  T h e
pla t f o r m s  a re  ca pable  of b e i n g  des igna ted  as t r a ck a b le ,
m o v i n g  vehicles or stationary, position selectable bases,
and  represent  “o r ig in  of emiss ion ” fo r a n y  c o m b i n a t i o n  of
one to 32 assignable emitters. Platform motion is s i mu l a t e d
by equa t ions  w i t h i n  t h e  s t u d e n t  t r a i n e e  s t at i on  c o m p u t - ~r
w i t h  ve loc i ty  r a n g i n g  f r o m  0 to L~O96 k no t s  in X , Y , a n d  Z
coord ina tes, and w i t h  t u r n  r a t e s  f r o m  0 to  ô ~earees  per
secon d .

2.  ~~~~~~~~~ of cAI~ c~~I

W h y  sh o u l d  t h e  N a v y  i n v e s t  in such a soph i s t~~c~~ ed

c o m p u t e r — c o n t r o l l e d  E~ t r a i n i n g  s y st e m ?  In  th~ f.~ce of v-~r y
real limitations in the number of instru c~~~ b i l U~~~
a va i lab l e , a nd yet  w i t h  t h e  re~j u i r e n e n ~ t o  pr i i J e  -~ ua~~i~~y

_ _  —
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training which can best come from individualized instructor

attention , a compromise is obviously necessary. The

compromise reached was to create an effective 1:1

student/instructor ratio (actual will be 10: 1) through the

assistance of a computer . The computer , programme d with

exercises, questions, and instructional strategies , teaches

and directs each student through his course of instruction .

-g The instructor , on t he  o the r  hand , now t i m e — s h a r e d  a m o n g  10
students , operates in a ma nagement—by—exception mode; he

a t t e n d s  to or i n t e r v e n e s  in a s t u d e n t — c o m p u t e r  loop on ly
wh e n he detects , or is ale r ted to performance that deviates

f r o m  the  i n s t r u c t o r — e s t a b l i s h e d  c r i t e r i a .

First , w h a t  is t h e  d i f f e rence  b e t w e e n  CAl  a n d  CMI ?
I t  is at best a ve ry  f i n e  d i s t i n c t i o n  s i n c e  t h e  t w c  a re
closely intertwined. ihe emphasis in compute : managed

ins t r uct ion (CMI )  is on t h e  a d m i n i s t r a t i o n  of tes ts  and
maintenance of scores and records. On the other hand ,

c o m p u t e r  assis ted i n s t r u c t i o n  (CXI )  is more  closely a k i n  to
the actual provision of instruction. The computer is

effect ively replacing the instructor , and , depending on the

knowledge level of the student , provides particular learning

sequences  ( i n c l u d i n g  new m a t e r i a l s  a n d  n e w  test qu e s t i o n s )
dee med mos t a p p r o p r i a t e .  The fac t  tha t both of h ese a re
o f t e n p rovided  w i t h i n  t h e  same  c o m p u t e r  s y s t e m  a t t e s t s  to
t h e  close li nk t h a t  can exis t  b e t w e e n  t h e m .

Noted advantages of C~ I/CMI , most of which are

a pp l i cab le  to NEWTS , i n c l u d e :  i n d i v i d u a l i z e d  i n s t r u c t i on ;

• r educed  t r a i n i n g  t i m e ;  i m p r o v e d  m a n a g e m e n t  of t r a i n i n i ;  ‘I

s t a n d a r d i z e d  t r a i n i n g ;  qu i c k  u p d a t i n g  of cou r se s  ~r o n  a
c e n tr a l  loca t ion ;  and b e t ter  t r a i n i n g  e v a l u a t i o n .  The
i n d i v i du a l i ze d  i n s t r u c t i o n  c h a r a c t e r  c is ~a :ticul-~.r1y

a p p e a l i n g  in NEWTS beca use each s t u d e n t  c a n :  w o r k  at his

own pace ;  begin and  end the  t r a i n i n g  ex e :c i- -~ w h ~-n .-~v -~:
c on v e n i e n t ;  begin  at a poin t a p p r o ~ r i~~~e ~~ h i s  ~

-
~~~~~

-
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achie vement; receive instruction tailored to a particula r

applicat ion; stipulate his preferred mod e of presentation

(i.e., graphics , verbal , a u r a l , etc.); select his preferred

t y p e  of r e i n f o r c e m e n t ;  h a v e  his - d e f i c i e n t  s k i l l s  or
knowledge  d iagnosed and  r e m e d i e d ;  react  to t h e  i m m e i i ~t t e
past h i s to ry  of responses;  and  fo l low his  o w n  most  effective

presen ta t ion  s t r a t egy .

PL~ NIT ( P r o g r a m m i n g  L P ~N g u a g e  for  I n t e r a c t i v e
Teach ing)  is the compu te r  p r o g r a m m i n g  l a n g u a g e  f o r  C~ I in

N E W T S . In i ts  bas ic f o r m  ( i t  has been used e x t e n s i v e l y  in
o the r CAl app l i ca t i ons )  , it a l lows  a n y  user to i n t e r a c t  w i t h
an i n s t r u c t i o n a l  p r o g r a m  as a s t u d e n t ;  it also proviies

i n s t r u c t o r s  w i t h  a p r o g r a m m i n g  l a n g u a g e  fo r  a u t h o r i n g
i n s t r u c t i o n a l  p r o g r a m s .  In  a d d i t i o n  to t h i s , in  NE W TS ,
P L A N I T  wi l l  in c l u d e  i n te r f a c i n g  p r o g : a m~ ~h i c h  w i l l

c o m m u n i c a t e  wi th  t h e  e q u i p m e n t  and  s im u l a t i c r ~ p r o g r a m s  to
co nt ro l  the  s t u d e n t  s t a t i o n  panels  so t h a t  t h e y  r E p r e s e n t
the specified equipments w i t h  w h i c h  t he  s t u d e n t  is c a l l e d  to
work.

Comments: It is difficult to find gla:ing f a u l t s

w i t h  t h e  N E W T S  concept .  I t  will p r o v i d e  O’D D~~ b as i c  r~~
t r a i n i nq  to a d iverse  g r o u p  of spec ia l i s t s .  It w i l l  b€  (or

• at least  a t t e m p t  to be) a l l  t h i n g s  to all p e o p l e .  A n d
here in  m a y  lie one of the  p rob l ems :  cost .  This  w r i t e r  ha s
not been privvy to any cost estimates on this project , and

is not equipped to make any. But it is pretty much

acknowledged that w h e n  t h e r e  is a g r e a t  a m o u n t  of  s o f t w a r e
involved , there is also exceedingly grea t cost in v o l v -~d .
Since PLANIT is an aiready .~stablishe I c o m p u t e r  l a n g u a g e ,
the cost impact might hopefully be lessened.

The  m o d u l a r  n a t u r e  of ti~. e sy s t e m , t h i t  is, t h e

execu tive , situla tion , and studen t station subsy~~~-~ms , is a n
a t tr a c t iv e  f e a tu r e , p a r t i c u l a r l y  t h e  c a p a b i l i t y  cf a n

56

— -• -~~~ 
--



~t- TT ~~~~~~~~~~~~~~~~~~~~ — - ____

individual studen t station to function independently because

it has its own dedicated computer. This allows for

se l f—paced  s tudy ,  and f r o m  an eng inee r ing  poin t  of v iew , th~
f a i l u r e  of an in div idua l s ta t ion  should  no t  a f f e c t  0th  ~rs in
its simulaticn subsystem . It is quite obvious however , that

if i n s t r u c t o r/ d e v i c e  o p e r a t o r  consoles f a i l , the  a sso c ia ted
student stations would be lost unless alternate means are

provided to at least load them for individual instruction

even if without the capability for remote instructor

i n t e r v e n t i o n . An execu t ive  subsys tem f a i l u re  w o u l d  p r o b a b l y
secure the  en t i r e  sys t em .

The re is also , I b e l i e v e, one  s e r i ous  m a t ~~er that

sh ou ld  be discussed in the  c o n t e x t  of th i s  i n d i v i d u a l iz e d
i nst r u c t i o n  tha t  r e su l t s  f r o m  CA I/ C~1I , a nd  th a t  is th e  loss ,
o r at least  s ign i f i c a n t  r e d u c t i o n , of t h e  pe r sona l  t o u c h
i n h e r e n t  in a t e a c h e r — s t u d e n t  r e l a t i o n s h i p .  A d o i t t e d l y
the re wi l l  be an i n s t r u c t o r  ove r seeing  some 10 s tuden t

s t a t i ons- , a nd it is wel l  u n (~e:stood t h a t  one of t h e  ori iii e
reasons fcr  imp leme n t i n g  N E W T S  is to m a k e  more  e f f i c i en t  ise
of f e w e r  i n s t r u c t o r s  in o rde r  to  reduce t r a i n i n g  costs .  I t
has  not  been shown (and I do not  kno w t h a t  car. be) , t h a t  t e r.
students simultaneously under instruction can be effectively

monitored by one instructor; he just might be overbur~ en~~ .

He m i g h t  not h a v e  t h e  t i m e  t o  p r o v i d e  e n c o u r a g e m e n t , or
refine operator techniques , both of which are b~~st

u n d e r t a k e n  on a persona l  o n e — t o - o n e  basis . Th ~ “ s e l f — r a c e  1”
fE a t u r e  of i n d i v i d u a l i z e d  i n s t r u c t i o n  is also f r a u g h t  w i t h
t h e  danger  of m a l i n g e r i n g  or l a z i n~ ss. Fo r t h o s e  s t i l e n t s
who are slower to learn , the featu:e is of unques tionaule

wor th  a n d  b e n e f i t , b ut  i n s t r u c t o r s  w i l l  h a v e  to rem a in

vigilan t . Applying a bit of pressure on students t~~ pe r f ~~~m
i s not  n e c e s s a r i l y  a bad t h i n g .  The  ~W e n v i r o n m e n t  can  be a
very pressure—laden one , and the s o o n e r  t r a i ne e s  bec~ me

awar-? of this , the better equipped they wi’l be to cop~ wi~~h

i t .
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C. 10A 3/1,2 ,3 S T I L I U L A T O R S

Th e 10 A 3 series of s t inu l a t o r s  p r e s e n t l y  consists of th ree
EW s i m u l a t i o n  sys tems  m a n u f a c t u r e d  by  A n t e k n a , I n c . ,  w h i c h

are installed at the Navy Technical Training Center , Co r r y
Station , Pensacola, Florida. Uthough the systems use many

of the sane modular components and simulation techniques

enumerated in the 721/1 System , all three ar e of i m p r o v e d
design , - and the 10A3/2 has a significant electronic

countermeasures (ECM) capability as well as an electronic

support measures (ES~ ) one . The 1 0A3/1 is a general ~ -~rp ose
E SM t r a i n e r , while the 10A3 /3 is particularly dedicated to

t r a i n i n g  t h e  CTT r a t i n g s  in E L I N T  ES~ t e chn i~~ues .  T h e
following presentation will focus on t he  10A 3/ 1  s y s t em .  :t

w i l l  t h e n  be fo l l owed  by br ie f  s u m m a r i e s  o u t l i n i n g  t h e
d i f f e rences  cf t h e  10A3/2 , 3 w i t h  respect to the 1 3 A 3 / 1. ~‘or
sp e c i f i c  i n f o r m a t i o n  c o n c e r n i n g  some of t h e  m o d u l a r
components , the reader will be referenced to applicable

descriptions under the 721/1 section.

The 10A 3/ 1 s y s tem  s imula tes  an e l e c t r o m ag n e t i c
environment whose signals are fed into op erational ES~
equipinen ts.~~6] It has the capability of generating 10

em i t t e r  t a r g e t s  in t h e  7 — 11 GHz r a n g e  b roken  d o w n  into

A N / W L R — 1 C  f r e q u e n c y  b an d s  as  fo l lows :  2 t a r g e t s  i n  B a n d  5;
2 in sand 7; 2 in Band  3; and  4 in B a n d  ~~~. A ll of t~~e

targets a re m a n e u v e r a b l e  a n d  can be D F ’ d .  T w e n t y  AN /~ LR-1C

receiver systems can be simultaneously driven by the 10A3/1.

The s y s t e m  cons i s t s  of  t w o  m a j o r  suL y s t e m s : ~ h e

computation system; and the RF emitters. The com put at i r.

system typically consists of: an ~!P 2100A Com p ute r; ~n H~
2600A CR T ‘le r m i n a l ;  an ~I P  27~~8 P~ n c h e 1  T a r e  R e i ~~er ;  an  ~~
2 ~95 Tape Punch; an A nt -akna Model 5320 L--vi ce I n t e :  f a cc I n it
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(to p rov ide  an inter face be tween  t he  c o m p u t e r  a n d  em i t t e r
elemen ts) ; an Antekna Mission Time Monitor; and a Dicom 344
Magne t i c  Tape U n i t . In gen eral , the computer and its

per ip he ra l s , t h r o u g h  i ts s o f t w a r e, a l lows  t h e  p r o g r a m m i n g  of

scenarios.  Dur ing  p r o g r a m  execu t ion  i t  con t ro l s  em i t t e r
parame te rs , and the aspects of problem geometry. More

specifically an instr uctor can , via his keyboard:

1. Start , stop, and resume the running of a scenario .

2. Input scenario paraneners from the keyboard , p a p e r
taçe or magnetic tape cassette.

3. Create scenarios on paper tape or a nagr.etic tare

cassette. This can be done concurrently while a mission i:~
in progress.

4. Take con tro l of the cours e and emitter sig n a tu r e  of
mo v i n g  sh i p s  (bc th  own sh ip  and t a r g e t s )  w h i l e  a m i s s i o n  is
in progress .

5. C h a n g e  the basic i n t e r v a l  t i n e  to  e i t h er  i n c r e a s e  or
decreas e the pace of tne exercise.

It might be worth a moment to examine some basic
differences/improvements in these control features as

compared to the 7B 1/1. The ad ~ti on of magnetir cassettes

should make both the handling and storage of mission

scenarios more convenient; the 731/1 was uni quely paper nape

storage . The ability to take control of a platform while

t he  miss ion  is in  p rogress  is c e r t a i n l y  an .  added p l u s ;  t~ae
781/ 1 re.~u i r e d  t o t a l  i n t e r r u p t i o n  of t h e  run  to i n ser t
cha nges .  It s h o u l d  be n o t e d  h o w e v e r , t h a t  once  ~iiar~u al
con trol of a target has been assumed , the inst:uctor c a n n o t
revert to the p re—pro gramm ed Tode without restarting tn’~
program at time 0000. rhis w o u l d  a l m c ~~ s~~ m to be ~
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logical restriction insofar as control of platform course

headings , etc., but an instructor might want to periodically

alt er a~~ emi t te r  s igna tu re  f o r  only  a shor t  por t ion  of an
exercise ,\and with the system as it stands , he would have to

stay by \he keyboard for the whole of the exercise—-a

possible inconvenience. In the 781/1 , time intervals could

only be lengthened to speed up the mission run ; with the

10~ 3/1 they can be shortened so as to slow the run d o w n  to
below its nominal .one—seconi tine interval. This ability to

slow the mission down could be helpful for instruction-a l

purposes.

The RF e m i t t e rs are basical ly i den t i c a l  to t h o s e  of t h e
78 1/ 1. Each “ e~~i t t er” co ns is ts  o f :  a Mode l  3333 M i c r o w a v e
S o u r c e/ M o d u l a t o r ; a Model  1210 P u l s e  G e n er a t o r ;  a Model
7 2 3 2 — ~~4 DF I n ter f a c~ ~3 n i t ;  a N o-de l  1400  Scan P a t t e r n
Ge n e r a t o r ;  and , if r equ i red , the  ~odel  5310  C o m p lex  Scan
Ccntroller. (Refer to the 731/1 section for

sp e c i f i c a t i o n s . )  W i t h  t h e  scan p a t t e r n  and  comp le x scan
uni ts , t h e  f c l l o w i ng scan t y p e s  can be -g e n e r a t e d :  ‘

I

* omnidirectional

~ conical

• * ci r cu la r
* unidirectional and bidirec tional sector

* P a l m e r — c i r c u l a r
* unidirectional and bidirect ional raste:

* sp i ra l  conical .

•1

Mot ion  of own sh ip  a n d  t h e  t a rg e t  e m i 4 t e r s  is
p r o g r a m m a b l e .  Mot ion  p a r a m e t e r s  f o r  o w n  sh i p i n c lu i~~,
headi ng ,  speed , and r a t e  of t u r n .  For  t a r g et  p l a t f o r m ,
a d d i t i o n a l  p a r a m e t e r s  i n c l u d e  bearing and ran~ e to t a r - ~ -~t
w i t h  respect  to own shio , a nd a p a r a m e t e r  ca l l ed  t h e  “~~a m i n g

r a n g e ” ( i n  n a u t i c a l mi l e s )  . Wh en a ta:~~et platf orn is a
. . - - - -i ts  g a m i n g  r a n g e  w i t h  respec t  to own s hip ,  i ts ~~ g n a l  is i~~~

60 d B a t t e n u a t i o n  w i t h  r e spec t  t own s h i p ’ s receivers.
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The 10A3/2 System was designed to incorporate elements

of EC M t r a i n i n g  w h i l e  m a i n t a i n i n g  those  of E SM a l rea d y
exis tent  in the  t r a in e r . [7 }  Some of the  basic f e a t u r e s  of
the sys tem inc lude : a tw ~ “ o w n  shi p ” c apab i l i t y  w i t h  t h e
units usually operating concurrently to simulate a

coordinated task g r o u p  opera t ion , although they are capable

of separat e and i n d e p e n d e n t  exercises;  EC M i n t e r a c t i o n
be tween  s tuden t  and computer  w i th  a r e s u l t a n t  c h a n g e  in t :~e
si~nulaticn scenario when proper countermeasures are taken ; a

15 target emitter capability in the .5 — 18 GHz r a n g e ;  v i d e o
i n p u t s  to A N / S P A — 2 5  r a d a r  r ep e a t e r s  f o r  c o r r e l a t i o n  w i t h
o the r e l e c t r o m a g n e t i c  r i g n a i s  ( f o r  t a r g e t  em i t t e r s  w i t h i n
330 n a u t i c a l  mi les )  ; and t h e  c a p a b i l i t y  to  s im u l t a n e o u s l y
dr ive  f o i r  AN / ~ L R — 1 C  recei ve: s y s t e m s  ( B a n d s  5 , 7 , 8 , 9) , two

A N / U L Q — 6 3  co u n t e r m e a su r e s  set s r e m o t e  con t ro l  u n i t s , t w o
A N / S L R — 1 2 A c c u n t e rt n e as ur e s  r e c e i v i n g  sets , and  two  AN / S P A — 2 5
radar repeaters. The basic differences between this system

H and the  10A3/ 1 lie in t h e  R F  e mi t t e r s , a n d , of course , in 
-

t h e  added  EC M c p a p b i l i t y .

First , the target emitters are divided into t h r ee

g r oups :  1) gene ra l  t a r g e t s  (nos .  1 - 9 ) ;  2) EC !~ t argets
( nos.  10 — 13) ; and  3) SL E ~— 1 2A t a r g e t s  (nos .  1~ a n d  15 ,
video)  . The EC M t a r g e t s  can  p e r f o r m  as g e n e r a l  t ar -g ’~t s , h u t
additionall y their signature characteristics can be modifi ed

by the action of the simulated UL~ —ó 3 counterm easures set. • -

There is also the matter of frequency assignment . Em itt ers

L

i — 13 g e ner a t e  RF t h r e a t s , a nd  e m i t t e r s  14 and  15 p :ovi~ e
— both RF and video for simulation of K - b a n d  t a r ge t s , but
• simultaneous threat frequency assignment during a scenario

is constrained ~y the Model 3300 Source to the following:
* nos. 1 ,2 3.5 — 1 G i-Iz

* i’~os. 3 — 5 2 — 4 G H Z
* nos. 6,7 — 8

* nos . 8 — 13 7 — 11 G~iZ
* nc-s. 14 ,15 12.4 — 18 Gil z + video similat ~~r~
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Motion of emitters is like with the 10A3/ 1 except that

bear ing  and rang e must  be spec i f ied  f r o m  one “ own sh ip ” to
t h e  o the r  and bear ing  and  ra nge fo r  the  t a rge t  e m i t t e r s  m u s t
be specified with respect to one or the other “own ship. ”

The ECM functions associated wit h targets 10 - 13 come

i n to  p lay  when  one or all of these is in a con ica l  scan
mode. Other parameters associated with ECM action include

specificaticr. of “burn—through r ange ” ( m i n i m u m  d i s t a n c e  f r o m
enemy e m i t t e r  at which  you r  ECM wil l  “ p ro tec t”  you)  ; i.~ th e
r a n g e  b e t w e e n  own  s h i p  a n d  t a r g e t  e m i t t e r  is less t h a n  he
burn—throug h r a n g e , a ny E CM ac t ion  w i l l  be j u d g e d
ineffective and no re-action in the form of simulation

alteration will take place. Similarly there is an “e n h a n c e d
acquisition range ” parame ter beyond whose range EC ?I a c t i ons
would be j u d ged in-effective , an so no r eac t i on  w o u l d  take

place.

The re is l i t t l e  to say about  the  l O P t 3 / 3 .  It is v er y
much like the 10A3/1 System except that it co n sist s of a
maximu m eight maneuverable targets in the 0.5 — 11 GHz range

and d r ives  c n l y  f o u r  ~N / W L R — 1 C  r e c e i v e r  s y s t e m s .

D.  THE E L I N T  A N D  C0~1IN r R E C E I V E R  TE ST S Y S T E M  ( E R T S / C R T S )

This las t  of the EW s imu l a t o r s  t h a t  w i l l  be r e v i e w e d  is :- 
-

being designed and built by the Martin Marietta Corporation
— Denver  Divisio n fo r  t h e  N a v a l  E l ec t ron ic  S y s t e m s
E n g i n e e r i n g  C e n t e r  (N ESEC )  located in  San  D i e g o .  Br i~~~ly

s u m m a r i z e d , the  two sys t ems  w i l l  s i m u l at e  an  e l e c t r o m a g n e t i c
environment of r ada r  and  c o m m u n i c a t i o n s  signa ls  p r i m a r i l y
intended for receiver evaluation , and possi t’ly it  som e 

—

future date , for personnel training as w~ il.

~1
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ERTS is designed to simulate an electromagnetic environment

in the  2 . 0  — 4 . 0  GHz , 8. 5 — 10.0 GH : , and 13 .0  — 15.0 ~~z

f r e q u e n c y  r an g e s . [8 ]  The syste m ronsists of t w o  h a r d w a r e
subsystems, one digital, the other RF/analog, and a

supporting software subsystem.

The R F subsys t em has  six i n d e p e n d e n t  ar i d m o d u l a r
channels with a capability to expand to eight (the support

c i r c u i t ry  needed fo r  the two additional channels is

i n c o r p o r a t e d  in to  the  bas ic  des ign )  . Ch a n n e l s  1 an-f 2

operate fro m 2.0 — 4 . 0  GH z , 3 and 4 f r o m  3.0 — 10 .0  ~~iz , 5

and  6 f r o m  13.0 — 15 .0  ~H z .  One  EF channe l  c o n s i s t s
p r i m a r i l y  c-f a freqiency agile voltace controlled oscillator

(V CO) , a switched attenuator , an am p l i tude modula tor , m l  a
ba nd pass f i l t e r .  (See F i g u r e  3 )

V olta ge— cont ro l l ed  oscil la tors  h a v e  the  a d v a n t a g e o u s
capability to be rap idly tuned across their compLete

frequency range; however , they are difficult to s-a t on a
precise fr e qu e n c y  a n d  a re  h a m p e r e d  by post t u n i n g  d r i f t .  To
coun ter these characteristics, Martin M a r i e t t a  h a s  dev i sed
an a u t o m a t i c  f r equency  c a l i b r a t i o n  scheme to keep t h e  VCO on

the desired frequency.

The Switch ed Attenuator (SWAT) consists of two high

speed diode switches and two attenuators. It is use d to
generate two different rise and fa l l  t i n e  s ta tes  ( f a s t  m ode:
rise t ime  — 30 nsec, fall time — 40 nsec; slow mode: rise - :
time — 60 nsec , f a l l t i m e  — 80 nsec) , a n d  to select  fo ’~r
different amp litude states (minimum insertion loss, 30 -dB

attenuation , 60 dB attenuation , and a 100 d~ isolati on —

state) . Pulse width is also controlled by thi~ switch.
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The Amplitude Modulator provides the necessary

modulation due to transmitter ant enna gain and range

a t t e n u a t i o n , and it works  in  c o nj u n c t i o n  w i t h  the  f o u r  S W A T

a m p l i t u d e  s tates.  The m o d u l a t o r  has a to ta l  d y n a m i c  r ange
of 40 dB (only  30 dB of w h i c h  is used due to  the  30 and  60
dB at t e n u a t o r s  in the S W A T )  . W h e n e v e r  the  m o d u l a t o r  reaches
30 dB attenuation , it r e tu r n s  to its m i n i m u m  i n se r t i on  loss
s ta te  and  the  SWAT is i n c r e m e n t e d  30 dB.  To ta l  d y n a m i c
range is approximately 100 dB .

The Ea nd Pass F i l t e r  p rov ides  h a r m o n i c  r e l e c t i o n  a r i d
video leakage rejection. Outputs from the two r e s pec t i v e
channels in any one  b a n d  are  then sent on to a f re~ u encv
diplexer. The second input at the ;1 output port dirlexer

is a 950 — 1200 MH z s i g n a l  p r o v i d e d by an R F  Sc e n a r io
Generator (GFE) . The two inputs to the *2 output port

d i p l e x e r  a re  the  p o w e r  c om b i n e d  RF c h a n n e l s , 3/4 , a n d  5/6 .

E x t e r n a l  d i r e c t i o n a l  c o u p l e r s  a r e  p r o v i d e d  for  each o u t?u t
port , providing the capability to couple in ex ternal

s igna l s .  The RF Scenario Generator is a telemetry signal

g e n e r a t o r  m o u n t e d  in the  C R T S  e gu i p m e n t  r acks  and  c o n t r o l l e d
b y CRTS s o f t w a r e .  It has t w o  o u t p u t  po r t s , on e f r om 950 —

1200 MH z connected to ERTS as described above , a n d  a second
one in t h e  50 — 300 ~-~Hz r a n g e  to CRTS. Signals at a

spe c i f i c - I  f r equ en cy are r o u t e d  to  the  a p p r o p r i a t e  o u t p u t
por t  as ccmm anded by t he  C R T S  p r o g r a m .

The Digital Controller Subsystem interfaces with a

t ape  t r a n s p o r t  t h a t  con t a in s  s o f t w a r e  g e n e r a te d  d a t a
describing the RF environme nt . The dig ital subsystem

performs three major functions: the generation of pulse

trains; storage a:~d upd atin~ of current emitter

descriptions; and assignment of pulse -executions to specific

R F  ch a n n e l s . It h as t h e  c a p a b i l i t y  to  simultan eously control

a to t al of 64 e m i t t e r s  (32 a c t i v e / z o r e g r o u n d  e m i t t ~ers , - 1 r i I ~

64 
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32 background emitters) through a tine division multiplex

scheme explained below.

To initialize an emitter , it must be given a PRF

descr ip tor, a f u l l  data  de sc r ip t i on  in i ts  m e m o r y  l oca t ion

(frequency, amplitude , pulse width , etc.), and a turn—on

code which  a c t i v a t e s’ i ts P RF g e ner a t o r .  Once t h e  P~ F
g e n e r a t o r  is activated , it w i ll per iod ica l ly issue  s ig na l s

indicating that an ~F execution is required. A scanning

processor is continually monitoring all 64 emitters for an

a ct iv e c o n d i t i o n .  When such a c o n d i t i o n  is sensed , co n t r o l
is passed to  t h e  s chedu l ing  processor , w h i c h  d e t e rm i n e s  w h a t
f r e q u e n c y  b a n d  is r e q u i r e d , a nd w h e t h e r  or not a c h a n n e l  is

a v a i l a b l e .  C o n t r o l  is t h e n  passed to a channel control

ooard , and the scanning and scheduling processors are

released to locate another active emitter. Once an emLete r

has been initialized , it continuously receives up~ -ates at a

rate determined by the software , which effectivel y describes

th e  d yn a~ ic cha nges fo~- t h a t  em i t t e r .

Sc-me of t h e  h a r d w a r e  c o m p r i s i n g  t h e
su b s y s t e m  in c ludes  th ree  media  for  d a t a  i n p u t  n a m e l y ,
magne t i c  t ap e , a card r eade r , a nd a m a n u a l  k e y b o a r d  v ia  the
microprocessor .  T h e  microprocessor  is p r o g r a m m e d  su c h  t u i t
a m p l i t u d e  is spec i f i ed  in d~~, f r e q u e n c y  in  M~ z, -and ?~ I in
mic roseconds .  This  a l lows the  o p e r a t o r  to p r o g r a m  s ta~~ic
emi t t e r s  or to m a n u a l l y  u p d a t e  p r e — p r o g r a n m e d  e mi t t e : s .

The storage section of the digita l sub~ vs~ -~tu

includes the memory and memory control circuits. The eve z-m

configuration is such that the mem ory contains ~he cir r - -n t

emission descriptors necessary to p r o d uce u~ t

i n d e p e n d ent emiss ions .  These  d e s cr i p t o r s  ar -a  av~~il~ o1e to

be updated with an input operation , or ~o ~ro~ i t -i

emis s ions  ou t p u t t ~~ci to t h e  R F  system . P~ F in~ orm - i~~ o5-, - .r ~d

- - -- ---- -~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ k
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band da ta  is stored in discrete  s to rage  regis ters  u n d e r
software control.

The pulse t r a i n  g e n e r a t i o n  c i r cu i t s  g e n e r a t e  up to
64 e m i t t e r  pu lse  t r a i n s  of t h e  f o l l o w i n g  types :  55 e m i t t e r s
produce simple periodic timing (PRF 5 of 50 Hz to 20 kHz) ; 3

emi t t e r s  produce  rando m , s inusoidal , and  t r i a n g u l a r  PRI
( f r e q u e n c y  of the m o d u l a t i o n  is con t ro l l ab l e  f rom 0 . 0 1  to 30

Hz) ; and 6 etc i t ters  produce f o u r — posi t ion s tagger  P R I .  Of
th is  6 4 — e m i t t e r , total , 32 of  the  s i m p le pe ri od ic  ti m i n g

v a r i e t y  are to be used as b a c k g r o u n d  e m i t t e r s .

The ERTS s o f t w a re  w i l l  o p e r a t e  on an I B M  370
computer. It consists of three major subsystmes: the File

Generation Subsystem; the Sinulation Subsystem ; and the

Output S ubsystem . (See Figure ‘4)

The File Generation Subsystem is independent of the

actual simulation run and will only be in core while

inputting mission scenario data. This subsystem stores all

the data re~ uired to run a given mission simulation in disk

files. The information remains on the disk until revised ,

or changed by the user. (The other two  subsystems are

loaded whenever it is des i red to run  the  s i m u l a t i o n
desc:ibed by the current disk piles.) The information

required to describe a mission scenario is composed of the

fcllowing data files:

1. Antenna Patterns . This file may contain up to 18

records, each representing an antenna pattern cut . During a

simulat ion, any two of these cuts can represent the azimuth
• and elevation cuts of an e~nit:er or receiver antenna

p a t t e r n . F o u r t e e n  records w i l l  i n i t i a l l y  be p r o v i d - e I by t h e
manufacturer , the remaining four alotted for future

expansion. The patterns are characterized by their 3 dE

Ii
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~ea m w i d t h  a n d  5 of t he  14 are  c o s e c a n t — s q u a r e d  a n t nna
p a t t e r n s .

2. E mi t te r  D e s c r i p t i o n .  This f i l e  m ay c o n t a i n  up to
255 records describing 255 possible emitters deployed in a

given arena . This does not mea n you can ha t-’ 255 emitters

simultaneously deployed (this is still lu.mited to the 32

foreground and 32 background emitters) . This is just a

library of possible/available emitter signatures. Signature

specifications include the following :
* Frequency

• 2 .0  — 4.0 GHz

• 8.0 — 10.0 GH z

• 13.0 — 15.0  G f-f z
* P o l a r i z a t i o n

• circular

• l inear

• r o t a t i n g  dipole
* Operating Modes

• CW (o ne m ax per HF c h a n n e l )

• st agger  PHI

• sine wave PHI

triangular/ramp PRI

• f r e q u e n c y  hop
f r e q u e n c y  slide

• special f u n c t i o n s  g e n e r a t i o n
* Location: two time—flagged input s describin-o start

and stop locations (latitude , longitude , and altitude)
* Scan Types

• c i rcular
• sector

• unidirectional sector

• circular nodding

• fixed aziiuth noddin q

• seguential lobing/lobe switching

• conical

67
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• spiral

• Palmer circula r

• Palmer sector ( u n i d i r e c t i o n a l  and  b i d i r e c t i o n a l )

• a z i m u t h raster ( u n i d i r e c t i o n a l  and
bidirectional)

• e leva t ion  r as te r  ( u n i d i r e c t i o n a l  and
bidirectional)

• az imu t h raster P a l m e r  ( u n i d i r e c t i o n a l  and
bidi r ec t iona l )

* Peak Power

* Antenna Pattern Numbers

* Pulse width : 0.1 - 200.0 usec in 100 nsec
inc-re  m e n t  s •

3. “Plight” Path. (The name originated with Martin

.Marietta simulation systems designed particularly f - r

aircraft , and has been retained by the manufacturer . The

“ f l i g h t ” pa th  describes t h e  m o v e m e n t  of t he  r ece ive r
platform be it in t h e  wat er , on land , or in the a i r . )  T h i s
f ile wi l l  consis t  of a possible 3600 records r e p r e sen t i n g
3600 possible changes in the receiver platform position , or

a t t i t u d e .  The i n f o r m a t i o n  i 1icludes t i m e , loc a t i o n  ( in
latitude and longitude) , rol l  a n g l e and ro l l  r a t e
(pa rti c u l a r l y  app licable to aircraf t) , or c h a n g e s  in t~~e
antenna pointing directions. The program m er specifies the

position of the receiving platform in term s of latitu de and

longitude on t he  g a m i n g  a r e a  at given integer m inut es of

t i m e .  The computer then moves the platform at a constant

velocity along the straigh t line path between two successive

positions . Changes in emitter signal strength -are

appropriately reflected at the receiver inputs.

4. E m i t t e r E n c o u n t e r .  Th i s  f i l e  w i l l  c o n t a i n  a
maxi m um of 100 records wh ich describe the changes in th ’~
a c t i v e  e mit  t-~r s t a t u s  ( e x c l u d i n g  posi t  i- n )  each second.

32 foregr ound em itters are sof~~ware control ied c~n a

68
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pulse—to—pulse basis. Power variations due to antenna scans

of background emitters will be controlled by the hardware

system. As far as movement of the emitters is concerned ,

only the 32 f o r e g r o u n d  e m i t t e r s  can  m o v e .  T h e y  can m a k e  hu t

one movemen t  spec i f ied  by a s tar t  t i m e  and  pos i t ion  and a
stop time and position. Motion is along the straight line

between start and stop po in t s  at a cons tan t  ve loc i ty
computed from the start and stop positions/times. Any

changes in signal strength are reflected at the receiver

input ports. If the emitter is so distant that the

calcu la t ed  s ignal  s t r e n g t h  f a l l s  below a preset t h r e s h o l d
(de fa th i t ; — l 5 O d B m ) ,  t he sig na l  w i l l  not be g e n e r a t e d  at  HF ,
but neither will its existence be eliminated from m em ory,

should future unit dispositions result in

increased/detectable signal strength .

5. Antenna Deployment. This file contains t h e

nu mber , loca t io n , poi n t i n g  d i r ec t i on , an d  pa t ~~e:n

identification of a maximum four possible receiver antennas.

6. C alibr ation D a t a . This da ta  is r e q u i r e d  to
translate mathematical simulation results to hardware

commands. This procedure is required — du e to  the

n o n — l i n e a r i t y  of t h e  s i m u l a t i o n  h a r d w a r e .

The  Sim u la t ion  S u b s y s t e m ’s p r i m a r y  f u n c t i o n s  ar -a :
to i n i t i a l i ze  to a specif ied s t a r t  t i m e  ( i t  need no 4 be
time = 0000) ; to initiate the run; trace the path of t h e

receiver platform; and make the necessary calculations

relatina to platform position/attitude and puis -a—to—p uls e

u p d a t e s  dor al l  e m i t t e r  c o n t a c t s .  U s i n g  t h e  d a ta f i l e s

b u i l t  b y  the  F i l e  G e n e r a t i o n  S u b s y s t e m , t h e  Si m u l a t i o n
Su t s y s t em  w i l l  s t e p  t h r o u g h  a s cena r io  in t i m e  i n c r e m e n t s  is
small as  500 usec .  A t  each s t ep ,  d a t a  is c a l c u i a t ? ~ in
su p p o r t  of t he  RF e n v i r o n m e n t  b e i n g  s i m u l a t e d  w h i c h  is
t ranslat-a d into time ordered s i gn a l  p o w e r  1ev els ~~t he
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receiver ports. The maximum length for an uninterrupted

simulation run is 18 minutes. This co uld be extended with a

second tape drive unit keyed to start when the first one

t e r m i n a t e d ;  w i t h o u t  the  second t ape  d r ive , m a n u a l  r e l o a d i n g
is required.

The Output Subsystem either produces a m is sion  t a p e
in format required by the  s i m u l a t o r , or , i t  can provide a

second—by—second printed account of the simulat€~d

environment . -

F i n a l l y ,  a b r ie f  w o r d  on t h e  m a t h e m a t i c a l  s i m u l a t i on
m o d e l .  F irst , the  ear th  is cons idered  to be flat and is

divided in to equal -degrees of latitude and longitude , that

is, a fixed value of nautical miles per iegre of

iatitu-Ie/longitude is used .  The  m o v e m e n t  of t h e  r e c eiv er
p l a t f o rm is 3 - e f i n e d  in s t r a i g h t  l ine seatn en t s .  F ree  space
signa l transmission is assumed , and in the scenario area ,

all emitters are considered to be in receiving range , so

long as the signal has a sufficient signa l strength.

2. cc~~ NT Re ver  T est Sv stea

CRTS is a genera l  purpose  c om mu n i c a t i o n s  s ignal  e n v i r ;n m e n t
simulator , operating from 10 kMz to ~400 MH z in s~ ecifie-i

bands  n u m b e r e d  1 t h r o u g h  11 (See F i g u r e  5) , and desi gned to

compliment the functions/capabilities of the ERTS.t 9] As

w i t h  ERTS , it can be cons idered  as t h r e e  s-a r ’a:ate
subsystems: software , digital and HF. (See Fig u r e  6)  B u t
before proceeding on to a description of these three

su b s y s t e m s , it m i g h t  b-c a p p r o p r i a t e  ~o d iscuss a r a t h e r
u n i q u e  c h a r a c t e r i s t i c  of t h e  s yst e m , t h a t  of voice an - i  M o r s e
code script usage. There is a v a r i e t y  of ~o d u l a t i c i i  sou rces

utiliz-~d in CRTS , but t he  t h r e e  bus ic  o ne s  a r —  v~~ice , M o r s ~
cod e, m d  teletype. The last of rLese , th e t e i c t y p e , is
g e n e r a t e d  in t h e  I i 3 it al  s u b sy s~~-em , b u t  t h e  vo:c ~ i r - .i ~~~r~-
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eacn make use of up to 1000 prerecorded scripts. The voice

scripts are f i r s t  w r i t t e n  o u t  and n u m b e r e d , then read i n t o  a
microphone (or t r a n s c r i b e d  f r o m  tape)  , converted to a

dig i ta l  f o r m a t , recorded on m a g n e t i c  tape , a n d  l a ter
transferred to a disk f ile fo r  random access. This  f i le
will then serve as an i n p u t  data  f i l e  to t h e  s o f t w a r e
subsystem when generating a mission tape. Similarly, a

script may be written for a variety of Morse code

t r ansmiss ions .  The  message tex t  is k e y p u n c h e d  on to  c o m p u t e r
cards , is converted to a binary format and ultimately gets

placed on a disk f i l e  as did  the voice scripts.

En its initial configuration , the HF s u b s y s t em  wi l l
consist of 6L~ active foreground emitters and a maximum of

610 background emitters. The system has designed into it

the provision to expand ~he n u m b e r  of ac t i v e em i t t e rs t~ 128
at some later date. Frequency bands , maximum number of

simultaneously active emitters and  t h e  a v a i l a b l e  m o d u l a t i o n
types , which wil l be explained later , are g iven in Figure 5.

The emitter module contains a highly accurate and

stab le  CW source t h a t  is p h a s e — l o c k e d  to t h e  s y s te m
r e f e r e n c e  clock. A c omb i n a t i o n  of c i r c u i t r y  in t h e
“modulation sources it and the “emitter modul e” results in the

modulation types listed in Figure 5. The  FSK ( f r e - ~ ien cv
shift keying) modulation is used to simulate teletype

s igna l s  of f ive  and  s e v e n - b i t  code g r o u p s .  The f r e q u e n c y
shift deviation is programmable from 250 to 1000 Hz (50 to

150 Hz in Band 1) , a n d the  b au d len g t h  ca n he 0.5 to 34 msec

in length. The bandwidth of t h e  m od u l a t in g s i g n a l s  i n ~M
DS~~, A M SSB , and F M is t h e  “t y p i c a l”  300 — 3000 Hz usually

associated with voice. Both manual and automatic Morse can
be si m u l a t e d .  The word r at e  is p r o g r a m m a b l e  f r o m  8 to 35
words  per m i n u t e  ( o n e  word  5 c h a r a c t e r s , one c h a:a ct -~u = 2

dashes + 2 jots, one dash 3 dots) . Fo r manua l m ode Mo r s~~,

~a rand om one to ten word p ar m inute variation in word rit ~ 
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is provided . In FM , the m aximum frequency deviation is ±10

kllz in Band 8 and ±30 kHz in Band 10. The pseudoran -dom pulse

width modulation is provided by an internally programmable

PBF genera to r  in t h e  Band  9 e m i t t e r  modu le  over the
frequency range of 20 kHz to 30 kHz .

The overall operation of tne emitter modules is as

fol lows:  An i n i t i a l i za t ion  block is rou ted  f rom t he  mission
tape to the data receiver in the appropriate emitter module.

This data includes the time into the mission that the

e m i t t e r  is to t u r n  on , t ime  to t u r n  off , f r e q u e n c y ,
amplitude , type of modulation , and a code to select the

desired m o d u l a t i o n  source .  At t he  p resc r ibed  seco nd in the
simulation , the emitter module will turn on with the proper

m o d u l a t i o n  and a m p l i t u d e .  At t h e  p r e s c r i b e d  s h u t — o f f  t im e ,
the emitter will turn off and may then b~ reinitialized with

parameter data to s i m u l a t e  a d i f f e r e n t  e m i t t e r .  T h e  o u t p u t s
of  all 6L ~ ( la te r  128) e m i t t e r  m o d u l e s  are combined and

multip lexed in to  a sing le HF output port along with the

background signals and the HF Scenario Generator

(50 — 300 ?lHz) .

The d ig i t a l  s u b s y s t e m  c o n t a i n s  a dig i t a l  t a p e  deck
which reads the mission tape which was generated by the

s o f t w a r e  s u b s y s t e m , d u r i n g  an a c t u a l  s i m u l a t i o n  r u n .
Nission data is transfered to the digital controller which

initializes , and later updates as necessary, the modulation

sources. The resulting mo~1ulation data is time division

multiplexed onto a data bus supplying the ernit er modules.

The data sources which have inputs to the digital

controller are the same as with ERTS , namely a tape

transport , a card reader , and manua l keyboard via a

microprocessor unit.
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There are 32 modulation sources in all, all time

division multiplexed to the emitter modules. Four of these

are voice, 12 are FSK/TTY , 12 others are Morse code, and

four are audio bandwidth (300 Hz — 3000 H z )  ex t e rna l  i npu t
channels to emitter modules in the 2 - 400 M Hz r a n g e , for
any GFE sources. The RF Scena rio Generator (GFE) is also

under the immediat e control of the digital subsystem.

The software subsystem needed to support CRTS is

executed off—line much as with ERTS. It translates user

i n p u t  t e s t/ e n v i r o n m e n t  da ta  i n to  t i m e  ordered , f o r m a t t e d
h a r d w a r e  c o m m a n d s  stored on tape . The d u r a t i o n  of a
simulation run is quit e different from the ERTS. Whereas

E RTS has  an 18 m i n u t e  m a x i m u m  which  i n c i d e n t a l l y  is th e
app r o x im a t e  t ine  for  a t ape  to be fed c o nt i n u o u s l y throu~ h

the t ap e  dr ive  at L~5 inches per second , CRTS simulaticn tin

d u r a t i o n , because of the w a y  i n s t r u c t i o n s  ar~ e x t r a c t e - i  f r o m
th e da t a block s, could last in excess of one hou r  and
po ssibl y t w o ;  it depends on the complexity of the simulated

environment and the number of changes—— the less complex the

e n v i r o n m e n t , the  longer the run can la st. One element that

probably contributes to this is the virtual lack of motion

by the receiving platform and of very few target emitters.

Wha t m o t i o n  ther e is in t h e  r e c e i v i n g  p l a t f orm is l i m i t - a l ,
and most emitters are considered fixed in position.

The source descriptions under control of the

software system include the voice , Morse , and TTY

modulations mentioned earlier , but r.ot the external inputs

provided from other sources. The software system will

support the control of 128 s igna ls  f r o m  a f i l e  of ~ 50 3Ignal
descripl ions. (This concept is similar to the ~~ emitters

which come from the 255 signal descriptions in ~RTS.) The

following signal description input -lata is n~~eded to

generate the required emitter modul e d a i  bioc~ :
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* Frequency: 10 kHz to 400 MHz
* Amplitude: — 10 to —90 dBm

* Modula t ion  Source  N u m b e r : 1 — 32

* Timing: ON/OFF time in seconds

* Modulation Type: AM , F~ , FSK , etc. limited to that

available in the corresponding frequency band.

The software system will also support 610 back ground

signals from a file of 100 emitter descriptions.

Characteristics of the background emitters will be identical

to t h e  e m i t t e r s  of interes t except  t h e i r  d y n a m i c  r a n g e  is
limited to 40 dB (—50 to  — 9 0  d B m ) . Those back ground
e m i t t e r s  all cha rac t e r i z ed  by  the  same u n i q u e  m o d u l a t i o n  a re
software controlled as a group. For example , within a ~r ou ~
all t h e  b a c k g r o u n d  e m i t t e r s  h a v e  a b o u t  t h e  same an p l i ~ ud~
( ±2 dB) , a n d each  g r oup  is independ ently controlled in

amp l i t u d e .  In a d d i t i o n  t h e n  to the  i n p u t  da t a  needed  to
gene ra t e  p r i m a r y  s ignals  of i n t e r e s t , signal  d e n s i t y  an d
spacing need to be specified. There are four back ground

gene ra to r s  for  each of the  t w o  ra nges in which  t h e y  e x i s t ;
i . e . ,  t h e r e a r e 4 generators for the 2 — 10 MHZ range and 4

others for the 100 — 150 M H z  r a n g e .  E ach gene ra to r p u t s  one
type of modulation on all its output signals , e.g. , all AM ,

or all  FS K , or all  Morse code. Signal  d e n s i t y  is 5 — 17.5

signals/MHz in the 2 — 10 MHz b a n d  ( f o r  a possible m a x i m u m
number of signals of (17.5 sig/MHz) X (8 MHz) = 140

signals) ; and .05 — .25 si g n a l s / M H z  ( f o r  a possible m a x i m u m
of (.25sig/MHz) X (50 MHz) = 12 . 5 ) . The m a x i m u m  g r i n d
total  of b a c k g r o u n d  e m i t t e r s  is t h e n  (4 g e n e r a t o r s  X 140
sig/gen) + (4 g e n e r a t o r s  X 12.5sig/gen) 610 background

signals. The signals can be interleaved/spaced so is to 
-

minimize overlap.

The sc r ipt i n p u t  com es  f r o m  t h e  p r e v i o u s l y  i -asc r ibed
library of prerecorded voice and Morse code transmissions of

varying l ar.~~!h (1 — 10 sec) a n l  c o n ten t .  The  i n p u t  ~a - I

I
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needed for software -control includes , the source

identificaiion , script number and the transmission start

t ime .

Comments. ERTS/CRTS ougnt to be judged in the light

of the primary purpo se for wh ich it was conceived , namely

test and evaluation of receiving systems. Although -the

emphasis in this paper has been to examine EW simulation

vis—a—vis passive intercept training, ERTS/CRTS will provide

the important capability of component and system ’s test

discussed in the earlier sections of this paper , and so

should not b€ discounted.

The tasic idea b e h i n d  E~~TS / CRTS is to g e n e r a t e  m a n y
different signals at various signal strengths and in varying

de ns i t i e s  to  see if the  s y s t em  u n d e r  test  can p r o p e r l y
proce ss them an-i/or to see w h a t  t h e  s y s t e m ’ s s a t u r a t i o n

p o i n t  mi ght  te  ( t h i s  is p a r t i c u l a r l y  t h e  case w h e n  t e s t i n g

automatic processing systems) . In v iew  o f  this m i s s i o n,

Z R T S / CR TS w i l l  p r o b a b l y f u l f i l l  necessary r e q u i r em e n t s . The
numbers of signals generated is substantial and the types of

modulations quite varied. The 18—m inute scenario length

mi ght be considered short but with the signal densities

prov ided , if the  s y s t em  u n d e r  test  has  not  s a t u r a t e d  in 18
m i n u t e s , it is doubtful that it would over a mor e ex t er del

per iod of t im e .

Nevertheless , it is possible that the EFTS/C~ TS

might be used as a trainer in the future. If this i~ so,

the following current system c h a r a c t e r ist i c s  ~ou i i  n~ v~ to
be reexamined.

The 1 8 — m i n u t e  sc en a r io  is too shor ~ for  m y k i n d  )f
exercise and so the additional tape drive would have to be

incorporated. Tae s igna l  p r o p a g a t i o n  m o d e l s  n i g h t  n e e d  soi~
molif ica tion. The issumpt ion of free sp ace ~i~ n ii

I
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transmission does not take into account atmospheric

considerations so that signal strengths might appear too

stron g for a given range between target emitter and

r ece iv ing  p l a t f o r m . The s a m e  sort  of p rob lem ex i s t s  wh en
t h e  ea r th  is assumed to be f l a t :  l i n e — o f — s i g h t  l i m i t a t i o n s
are not taken into consideration and so signal strength of

normally line—of—si ght—limited signals are ignored. This is

not a very realistic situation.

The method for programm ing platform and emitter

motion would have to be radically modified. It is just not
n a t u r a l  to spec i fy  s t a r t  a n d  stop p o i n t s/ t i m e s  as t h e  o n l y
variables of motion and then have the unit proceed along a

straight line between those points at constant velocity.

Unit motion is always considered in terms of course , sDeed ,

rates of turn and so the system should be proo ramnable in

those terms. And while on the topic of unit movement , the

CRTS capability in this area (currently almost nonexistent)

would have to be severely upgraded and the CONINT and ELINT

from a unique platform would have to be appropria~ ely

correlated ii time and position.

Fina l ly ,  the  voice and  poss ibly  the M orse  code
scr ip t  s y s t e m  m i g h t  r e q u i r e  some m o d i f i c a t i o n .  T h e  use of

v a r i e d  and shor t  scr ip t s  to modulate carriers ~n a

particular fashion so as to see if the systen can correctly

demodulate the signal is one thing , but to provfle

c o n t i nu o u s  a n d  f l o w i n g  t r a n s m i s s i o n s  is a very  d i f f e r e n t
situation. If rather than having a sequence of short

interrupted scripts , a running tape of conversati n could b~-

accessed , this sc’~iem e mi ght prove t b-a q u i t e  r e a l i s t i c  a n d
successful.
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VI FEATURES TO LOOK FOR IN A SIMULATOR

Choosing a simulator whic h is going to cost hundreds of

thousands of dollars or more is no simple task. All

manufacturers will tell you that their approach or solution

to your simulation problem is the best. In the first seven

subsect ions , desirable f e a t u r e s  f o r  a simulator ,

particularl y one designed for EW training , will be pointed

o u t .  The last subsection will focus on the tyce of

simulator one m i g h t  wan t  fo r  a p a r t i c u l a r  s im u l a t i o n
application/situation.

A. GENE~ AT ICN OF A REALISTIC ENVIRONMENT

An electromagnetic environment simulator should be able to

accurately replicate signal characteristics. This should

include such things as: pulse width characteristics; pulse

repetition frequencies including staggers , jitters , ar i d
codes; modulations like frequency agility and chirp; and -

antenna scan patterns . Real operational system sequences

may r e q u i r e  changes  in P R ? and  pulse w i d t h , hand—off to

associated radars , initiation of guidance sequences or

initiation of ECCM modes , and so a simulator should be able

to d o l ikewise .  A dd i t i o n a l l y ,  op e r a t i o n a l  d o c t r i n e  m a y
include the coloca-tion of acquisition an— I tracking radars,

hand—off from early warning to point defense weapons

systems , correlation of data from distant radars , and -

sequences of weapons system activation ; the simulator should

be able to accomodate these characteristics. The idea of a

“gaining area ,” a limited region of encounter in thr~ e

dimensional space may be a desirous feature. An area where

realistic obstructions (e.g. mountains) can be introduced ,
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or w h e r e  l i n e — o f— s i gh t  l i m i t a t i o n s  are  t a k e n  in to

consideration , is important so that characteristics of

signal strength and polarization variations , at least from a

geograph ica l  poin t of view , can be r ea l i s t i ca l ly  s i m u l a t e d .
Target  m o v e m e n t  w i t h i n  the p l a y i n g  area should  be reflected

in changes  of signal  s t r e n g t h  a n d  b e a r i n g .  And - i m p l i e d  here
is the desirability of generating “DF’able ” signals and

providing the system with a DF capability. A realistically

dense signal environment -is also desirous not only because

that’s the way it rea l ly  is, but also to see if an operator
can correctly discriminate between important and unimportant

signals , as well as to see if he can reasonably establish

p r i o r i t ies  f cr  the  i m p o r t a n t  ones .  These f e a t u r e s  a re  all
desirable because one should want his operators to train

under the mcst realistic cond i t ions  possible , and that

includes a rea l i s t ic  e n e m y  t a rge t  in a r ea l i s t ic  ta rge t
environment.

B. T H E A D V A N T A G E S / D E S I R A 3 t L I T Y  OF A M O D U L A R  SY S T E M

One should look for a simulator that can keep pace w i t h  a
changing EW e n v i r o n m e n t .  It is pr edic ted  t ha t  ope r a t i n g

frequency ranges will grow and that signal densities will

increase. In weapons systems there will be a continuing

trend toward multiband signals, often with sperific

operational sequencing information contained in different - 
-

signals and/or in d i f f e r e n t  bands .  A system should be

designed with a flexibility such that , it will not only be

able to generate current threats , but also oe expandable in

f r e q u e n c y  r a n g e , s igna l  d en s i t y ,  s i g n a l  m o d u l a t i o n , an d
signal correlation. A modular design w h i c h  is conducive to

a b u i l d i n g  block approach is therefore -lesirous because i~
allows one to match to-day ’s EW environment , or at least buy

as much of it as is affordable , and expand the system

- 
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s ize/ capab i l i ty  a long wi th  new d e v e l o p m e n t s  in the EW a r e n a ,
or with ir.creased availability of funds.

Some of the more specific large scale componen ts one is

apt to find in modular form might include: frequency

generation elements to allow for expansion in frequency

range; modular pulse and scan generators to permit

in t r a/ i n t e r b an d  s ignal  co r re la t ion, and  increased c o m p l e x i t y
of signal parameters; direction finding interfaces to

pro vide this characteristic in herent to mobile platforms ; a

modula r  compute r  c a p a b i l i t y  to con t ro l  t h e  a f o r e m e n t i o n e d
components and allow for incr eased size and complexity in

the future. One other feature that should not be overlooked

in this type of system architecture is the implied “graceful

degra dation ” it can allow. For example , loss of the bearing

generation equi pment should not affect pulse, scan, and

frequency generators thereby allowing continued , even tho~~h

incomplete , use of the system.

Look for  m o d u l a r i t y  not onl y at t h e  sys tem l eve l , bu t
also at t1~e dev ice level. Easily replaceable circuit cards

should sigsificantly help to minimize mean—time— to—repair.
S
. - S -(This assumes , of course, that one can financiali~y afford to

maintain a good library of cards , or that they can be

• purchased from/repaired by the manufacturer in min imal

time.) But in all of this one cautionary note that should

apply to any type of electronic system is: look for systems

with simplicity of design , and an engineering approach to

prob lems  t h a t  appl ies  c u r r e n t , b ut wel l  p roven  s ta te  of t he  Iart. One does not want to buy into something nearly

obsolete. But at the same time , be leery of systems wherein

the engineering forces the state of t h e  ar t  to meet
specifications. The result may be an exceptional piece of

complex engineering mastery, but also one so uni que that t~ie

customer becomes a captive to a particular manufacturer for

parts and repair .

_ _ _ _ _  
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C. PROGRAMNA BLE PARAMETERS/CHARACTE RISTICS

With RF simulation , many of the characteristics important

to signal  gene ra t i on  were e x a m i n e d .  Regardless  of the type
of simulation employed , one should seek a system h a v i n g  some
or all of the following paramete rs programmable:

1. signal Characteristics

* RF frequency

* RF power level

* pulse w i dt h
* pulse  r e p e t i t i o n  f r e q u e n c y
* pulse groups/coding

* antenna scan type

* a n t e n n a  scan r a t e
* DF capability — true and/or relative bearing

2. Platform Characteristics

* r a n g e
* heading

* speed

* t u r n  rat e

D. STUDENT—COMPUTER INTERACTION/RESPONSE

instructor billets have been the target of personnel

decrement action to at least an e;ual , if not ~reat~ r,

extent as all other DOD elements, this due to an armed force

of reduced numbers. The net effect in training comman d s has

been an increase in the student/instructor ratio with the

inherent decrease in personalized instruction. To

compensate for this shift , some training commands are

tuEnin-~ to computer assisted/managed instruction (CA /CMI) .

_ _ _
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In the ensemble, the intent of CAI/CMI is to direct a

student’s course of i n s t r u c t i o n  w i t h  m i n i m a l  i n s t r u c t o r
intervention through the use of computer algorithms which

query the studen t , m o n i t o r  and  t a b u l a t e  his response ,
indicate his errors and offer remedial queries/studies.

Ins t ruc tors  are not eliminated from the teaching process as

they still maintain a monitoring function wherein they can

assist those  s tudents  hav ing  e x t r a o r d i n a r y  l e a rn ing
problems. What the system seeks to maintain is a reasonable

student/instructor ratio by allowing instructors to direct

their greatest efforts to those students who need it most. LI
It also seeks to reduce/eliminate t h e  t ed ious  a dm i n i s t r a t i v e  -

chore o.~ scoring student response by automatically

tabulating results in computer memory for later har-d—co~ y

print out.

Although the Naval Training Center in Pensacola has only

r ecen t ly  e n t e red  c o n t r a c t u a l  d i scuss ions  w i t h  G r u m m a n

Aerospace on the implementation of a l a r g e  scale CAI/CMI EW
trainer called the Naval Electronic iarfare Training System

(NEW-IS) this approach has already been explored to some

e x t e n t  by  o ther  m a nu f a c t d r e r s  such  as A n - t e k n a , Inc .

Wha t might be the elements of student response in such a

computerized system? (In reality this could apply to any

system; you do not have to have a computer to -;uery and

tabulate — a pencil  and paper  can p e r f o r m  t h e  same f u n c t i o n
on a more rudimentary basis.) The response should include

mu ch of what you are able to program in the form of signal

param eter s:
* response time

* emitter identification

* t a r g e t  bea r ing
* frequency
* p ulse r e p e t i t i o n  frequency

81
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* pulse widt h

* scan rate
* scan type - 

-

What types of corrective computer feedback might be

available in a CAI/CMI system? One Antekna approach

pro vides three types of corrective feedback at the student’ s

learning station:

1. Immediate feedback , wherein the student’ s recorded

measurements -and deviation from actual parameter values are

provided via CRT display.

2. Exercise interrupt , wherein an alarm indication is

p rovided  at  a n y  po in t  in t h e  exercise at  w h i c h  t h e  s t ud e n f
allows an unexpected lethal threat condition to exist .

3. Post exercise performance sumnaries , which can be CRT

displayed and/or hard—copy print~-d for record purpos es ~rid

w h i c h  mi ght  inc lude :
* average response time for threat signa~.

ide n t i f i c a t i c n
* number of ea r ly  t h r e a t  de t ec t ions

* percen tage  of cor rec t  t h r e at  i d e n t i f i c a t i o n s
* average range/bearing error

* average error fo r  each measurable paraneter

respectively.

~
‘. DESIRABLE EW SCENARIO CHARACTERISTICS - - -

- :r ibl e scenario feature in a mo d er-~tely siz~~ W

3~~l - t - o r  w ould  b -c t h e  c a p a b i l i t y  to generat e 
~n i execute

- -
~~~~~~ (c~~~~uter controlled) scenarios with the cption to

d- i : i r ~ p r g ra m  e x ec~it i ~~n. The l o n g  t e r m
:s i-r por ant if only for the fa:t ~hat wat- :h

8 2
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s tanding  periods can be f o u r  hours  long or longer , or t ha t
many significant nava l exercises are of considerable

duration . Additionally , it may take a considerable amount of

t ime to acliinate an opera tor  to a s i m u l a t e d  wa tch  s t a t ion
environment so that he feels in effect that it is very much

like “the real thi ng.”

Implicit in the option—to—override feature is the

capability to modify sections of the exercise or certain
- signal parameters either before or during program execution ,

to be ab l e  to f r e e z e  t h e  s cena r io, or to s e l e c t i v e l y  j u m p

ahead or back without loss of simulation accuracy or tine

synchronism. Particularly important is this capability to

chang e signal parameters or portions of the scenario , for

several reasons: the transmitters that are being simulated

may in reality have the capability to change parameters ;

ope rators repeating a particular exercise would be less

inclined to be lulled into a sense of “having seen this

before ,” if made aware that the exercise and/or signal

parameters can be modified; having the capability to change

an emitter ’s characteris tics, say by introducing some

incidental ~odulation could provide a method for training

ope rators in platform—emitter correlation.

F. SIMPLIyIED PROGRANiI ING FEATURES

The computer is a marvelous machine which can work wonders

for man. But unless many personnel have easy access to , a n d
control over , this tool, it becomes the exclusive dom ain of

a smaller group of experts, name ly the prog rammers.

Although the Navy does h a v e  i t s  p r o g r a m m e r s , in t h e  in t e r ~-st
of personnel efficiency a n d  to p romote  a sense ot ~ c cn t r o l
ov.~r -even small scale simulat- rs, it would seem highly

desirous to make pr ogrammin g tasks simple enough that ~W

instr~ict rs could perform these functi-j ri~ on their o w ; i .

_ _ _  _ _ _ _ _  
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What programming features might be desirable to achieve this

objective?

1. Emitter generation/signature composition via

macroinstruction. We have already seen that several

parameters m ust be combined to construct a desired signal.

R a t h e r  t h a n  have to every  t i m e  reconstruct a signal from its
basic constituent parameters , this task could be simplified

by the implementation of preset algorithms which would

a u t o m a t i c a l l y  call up the  tu i c ro in s t ruc t i ons  associated wi th
these parameters.

2. Usag e of standard elect ronic terminology. Rather

than  re~~u i r ing  sys tem ope ra to r s  to o r g a n i z e  t h e i r  t h o u g h t s
into some complex format needed to converse with a compute :,

it wo uld be highly desirous to allow parameter specification

in s t a n d a r d  t e r m i n o l o g y ;  e . g . ,  bea m w i d t h s  in degrees ,
sidelobe levels in decibels , ranges in nautical miles. The

translation of these can be left to the computer so that the

process is in effect transparent or invisible to  t h e  use:.
In both this area, and the one enumerated above , one should

want  a senior enlisted with no programming experience to be

able to control/direct the functions of the training device

and a junior trainee to be able to converse with the system

in relatively simple and straightforward terms.

So far we have only discussed the topic of progra~ ining

simplicity. What other program fea t ur es m ig h t  a lso be 
- 

-

s i g n i f i c a n t ?  In other  sect ions of t h i s  r e p o r t , t h e

capability to override/change preprogra mmed instructions has

already been mentioned . Compatibility of programming

equipments is also important. This would allow tapes male

on one mach ine  or at  one loca tion  to  be a p p l i e d  at m a n y
distant systems if necessary. The obvious solution of

course is to have identical equipments at all locations , hut

this may not always be the case as system

8Ls
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improvements/modi f i ca t ions  migh t  a l ter  p r o g r a m m i n g  f e a t u r e s ,
or equipment  in terfaces may  be costly to i m p l e m e n t  or
plagued wi th  i ncompa t ib i l i ty  prob lems.

Al though  near ly  impl ic i t  in the  ab i l i ty  to create
computer  controlled scenarios, one should seek a capab i l i t y
to program test/calibration and mainte nance tapes. Just as

you can progra m to generate complex signals and scenarios,

so should you be able to generate simple standards to act as

a sys tem che ck or referenc e. (This, of course , assumes that
signal  genera to r s  will  r e m a i n  stable and accura te  over a
long period of time — not  a trivial assumption.)

G. DESIGN F E A T U R E S  TO M I N I M I Z E  THE COMPLEXITY OF

MAINTENANCE AND R E P A I R  T A S K S

The f o l l o w i n g  could help to minimize required maintenance

an d r epair :

1. Nodularization , which has already been discussed

2. Interchangeability of like components and

subassemblies w i th in  the sys tem/modu les

3. Locat ing  necessary a d j u s t m e n t  po in ts  at t he  t o p  edge
of p r i n t e d  w i r i ng  assemblies where  pract ical , to m a k e  it
unnecessary  to remove  a board for  test or place it •on an
ex t e n d e r  board

4 •  Locat ing test po in t s  which monitor princi pal circuit

functions at the edge of the circuit board.

Althoug h the benefits /advantages of such features are

obvious , th ey p o r t e n d  t h e  a d v e n t  of wha t one m i g h t  call

“ module  c h a ng e r s”  or “b lack  box spec ia l i s t s, ” w h e r e i n  our

_________________
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main tenance  personnel become h igh ly  versed in t roub le
shooting and circuit board replacement on one particular

equ ipment , but  not ter r ibly  adept at ac tua l ly  cor rec t ing  a
circu it prob lem.  Othe r  p roblems  which  could ar ise  because
of such t ra in ing  emphasis:  technicians  f a m i l i a r/ com f o r t a b l e
wi th  only one or two pieces of equ ipment  may  be h e s i t a n t  or
incapabl e of conduct ing a l l ied/analogous repair tasks on
other gear ;  and the cost in logistical suppor t  for
m a i n t a i n i n g  an adequate  supp ly of these modula r  circuit
assemblies is not insignificant. Although it is true that
many manufact urers do try to standardize basic subasseinblies

( e . g . ,  m a k i n g  all power supplies  the same for d i f f e r e n t
modules , , st ill on e has to maintain a goodly number of these

on board or face t h e  prospect of doing without the circuit

board while it is being r e tu rned  to and/ or  being r e p a i r e d  by
some c e n t r a l  Nav y r epa i r  f a c i l i t y  or by the m a n u f a c t u r e r
h imse l f .  This of course m a y  be no worse  than h a v i n g  to
search out/purchase  the  one f a u l t y  componen t  on the  board
itself , but  if our maintenance technicians are unable to go

beyon d the  “ isolat e the bad card”  sort of “ repair , ” we could
be f a c i n g  serious operational difficulties in the future.

H. THOUGHTS ON THE SELECTION OF AN EW SIMULATOR

I

It is hoped that the information presented in this thesis

has helped the reader gain some insight into the elements

that make up this broad topic of electronic warfare

simulation. It would  be a bi t  p r e s u m p t u o u s  to p rescr ibe  a
pa r t i cu la r  s imu la to r  for  any  g iven  app l i ca t ion , but  in
closing it m ight  be well to r eemphas i ze  a f e w  basic poin ts
t h a t  should be kept  in m i n d  d u r i n g se lect ion of a s i m u l a t o r .
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What is the best kind of s imula tor ? There  p robab ly  is
no absolute best s imula to r ;  the choice wil l  depend on what
it is one seeks to accomplish.  If t h e  on ly  i n t e n t  is to
train operators , near ly  the  whole g a m u t  of s imulators  could
be applicable. The generic s imulators  such as NEWTS provide
an excellent vehicle for  teaching a b road  r ange  of basic
intercept  skills, whereas the more specialized t r a i n i n g
a ssociated with an actual  intercept  receiver su i te  would
proba bl y be bett er accomplished with  an RF s t imu la to r .

W i t h  t h e  severly l imited ins t ruc to r  quotas  DOD agencies
m u s t  now l ive wi th , the  use of some sort of compute r
assisted/managed ins t ruc t ion  almost  becomes a necess i ty .  It
need not be as elaborate as that proposed in the  N E W T S ; its
i m p l e m e n t a t i o n  even on a small  scale should r e s u l t  in a
re d uct ion of the t i m e  devoted to the correct ing of basic
errors committed by trainees.

If the simulator is to be us ed in the testing of new

equi p men ts, regardless of a n y  possible t r a in ing  app l i ca t ion ,
one of the modular  and p r o g r a m m a b l e  RF s t imula t ion  t y p e  is
probably t he  only app rop r i a t e  one . In the  area of design

t e s t ing ,  this a l lows one to test i nd iv idua l  componen t s
before f i n a l  assembly as well as provide fo r  overa l l
system ’s test. An RF stimulator has the significant

advantage of not being made obsolete by changes in current

EW systems or the total replacem en t of these systems. Its

modularity and program m ability allows the expansion of

capabilities along with changes in the EW world. The EW

environm ent is a dynamic one. W i t h  t ime , usable f r e qu e n c y
ranges are expected to go beyond ~4O GHz , changes in tactics

and delivery of weapons are apt to change. There are

certain basic signal parameters that will not change , but

how these parameters interrelate in any given signal or

weapons system may very well change; new combinations of

_ _ _  
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parame ters not seen today may exist tomorrow. The ability

to adjust to this changing environment through the

reprogramming of mo dular components , although initial

- 
p rogramming costs may be high , may be the only realistic

solution .

It
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