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ABSTP~ACT

One of the key requirements for U.S. maneuver forces

to be able to win the first battle is the quick and accurate

location of engaged enemy unit.~ in the battle area. At present

and into the foreseeable future, ground surveillance radar will

continue to provide the maneuver commander with a substantial

part of this immediate intelligence information. Current state-

of-the-art technology provides the Army with two distinc t types

of’ radar to accomplish the ground surveillance radar mission .

The first is a high frequency, line-of-sight system ; the second

is a low frequency, foliage independent system. Because mone-

tary and manpower constraints will limit the types and numbers

of radar systems eventually deployed, the Army mus t choose that

system which best fulfills its ground surveillance radar needs.

This paper investigates the eff icacy of both systems to

detect , locate, and identify targets of military interest under

stated evaluative conditions. It addresses both the machine

and the man—machine/human factors aspects of radar operation.

The demonstrated capabilities of both systems are compared and

evaluated to determine which system shows the greatest  potential

to optimize the Army’s ground surveillance radar capability.

The study concludes that low frequency radar systems offer the

best practical solution to finding the enemy. It further recom-

mends that the Army place priority effort into dcveloping low

frequency radar systems for future ground use.
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CHAPTER I

INTRODUCTION TO TH2 PROBLEM

BACKGI ~3UND

“The Army ’s primary objective is to win the land

bat t le-- to  fight and win bat t les, large or small , against

whatever foe , wherever we may be sent to war .” The Army

must be capable of defeating an enemy whose offensive and

de fensive doctrine stresses the maximum use of cover and con-

cealment to achieve surprise or create opportunities to strike

when and where its opponent is not prepared to fight.2 “The

art of the general is to achieve superiori ty whenever the foe

presents himself.”3 To accomplish this in light of a con-

stantly decreasing ground force, the Army is continually

searching for new methods to exploit those superior elements

of its combat power to defeat the enemy at the decisive point

of battle.
4 

U.S. Army doctrine and tactics fully recognize

the preeminent importance of locating the enemy first in

sufficient time to permit the maneuver commander to bring

adequate combat power to bear at the point of decision to win

the first battle .5 Ground surveillance radars are one of the

principal ways in which the maneuver commander “sees the

battlefield” today.
6

1
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“The key to a proper doctr ine  is the co rrect under-

standing of the elements of one ’ s superiority and the ab i l i ty

t o apply them more rapidly than the opponent . ” 7 Current

st a t e— o f— t h e— a r t  technology provides two distinct types of

radar to accomplish the ground surveillance mission. The

firs t is a high frequency, unobstructed l ine— of—sigh t system

and the second is a low frequency, foliage independent system.

Because monetary and manpower constraints will continue to

limit the amounts and types of radar systems fielded, the Army

must select that radar system which best fulfills its ground

surveillance needs within those constraints.
8

HYPOTHESIS

Low frequency radar systems should replace current

high frequency radar systems on the battlefield to optimize

the Army’s ground surveillance radar capability.

TASKS

To test this hypothesis the following questions are

addressed:

1. What are the demonstrated capabilit es , limit~~—

tions, and vulnerabilities of each radar technology to detect

and locate targets of military interest?

2. Which radar system maximizes th~ ~~ui—~ achinc’

human factors equation?

3. Which radar system offers thL ~‘t .t ~~~cal

solut ion to “seeing the battlefield?”

L —— •--~~~~~ - — - -  ~~~~~0~~~~~~~~~~~~~~~~~~~~~~ •
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4. Which system deserves the ArLny ’ s priori ty  develop-

ment ; e f f o r t  to enhance i t s  fu tu re  ground surveillance radar

capabili t y?

METilO] ;~ ~~ y

• Chapter I presents the background to the problem ,

~‘tates the hypothesis, and delineates the questions addressed

to test the hypothesis. It also states the constraints and

parameters under which this study was conducted . Chap t er II

~~-zents a brief history of high and low frequency radar

ievelopment and provides a brief description of each system~ s

onera tional and design character is t ics .  Chap ter III is a

compara t ive  analysis and evaluation of both sys t ems to p e rf or i~

tn e  combat sur~reillance mission on the battlefield. Ch~~iter

IV draws conclusions from the above resul ts  anc~ t enders

recommendations for future combat ground surveillance radar

?oveloprnent .

SCOPE

This study investigates the efficiency of high and

low frequency, moving target indicator ground surveillance

radar technolo~~icc to acquire targets  of m i l i t a r y  interest on

the battlefield. The data base for this study is dcriv~ .? from

test reports, combat evaluations , technical manuals and

individual equipment performance ropoi~ts on devices which are

representat ive of each technology. The comparisons, measure~- 

— - -—.-- — — • - - • - .
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of e f f ec t iveness , and analysis use this same dat a base supple-

mented by the author ’s notes taken over a period of three years

t es ting fielded implementations of both technologies.

This study addresses each radar system within the

context  of i ts  primary missiori~ to detect , locate, and ident ify

moving ground targets of military interest with sufficient

accuracy to produce meaningful combat intelligence and to

permit their accurate engagement by indirect fire means.9 As

such it is treated as a sensor used to aid the maneuver com-

mander to better observe the battlefield. Therefore , its func-

tion remains essentially the same in either an offensive or

defensive scenario, i . e . ,  to warn the commander of enemy

presence as soon as possible.

This study does not address detailed scientific or

mathematical  derivations of radar phenomena , bu t does pre-

sent quali tat ive information on the general operational

charac te r i s t ics  of each system .

ASSUMPTIONS

For the purpose of this paper only, the following

• assumptions are made :

1. Radar will continue to be one of the maneuver

commander ’s principal means of ground surveillance in the fore-

seeable future.

2. Intermediate and long range low frequency radar

systems can be buil t  wi th  approximately the same weight ,

• •~~~~~~~~~ ~~~~~~~ •~--— — .— ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
,.- 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
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mobili ty,  time of assembly, and ranging capability as their

high frequency radar counterparts.  Each would , however , be

configured differently when deployed for operation. Although

originally designed for short ranges, the Army has fielded a

low frequency radar system in t . ~e ground—to— ai r  role which

exhibits the same ranging capabilities as the longest ranging

10high frequency ground radar system.

3. Each system is operating at i ts  full design

potential  and that all operators are fully qualified on their

respective sets during the comparison discussion in Chap ter III .

LIMITATIONS

Only unclassified data and documents available at the

U. S. Army Command and G-eneral Staff  College (USACGSC), from

the Defense Documentation Center, and in the author ’s notes

are used in this paper. Because of this restriction, elec—

tronic counter and counter—countermeasures are not discussed.

However, simple radio frequency interference aspects of

operation are addressed .

DEFINITIONS

The definitions contained in the Dictionary of U.S.

Army Terms and The Internat ional  Countermeasures Handbook are

applicable in th is  st u d y. 11 The following special d e f i nit i o n s

of generally accep ted t e J ~iuL ; also apply:

- • • -- — • -  •— _~~~~~~~~~~~~~~ • ~~~~~ - _ — -  ——~~~— - -~~ •• • — - • . -
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1. False alarm : an indication by a system of the

presence of a target of military interest when, in fact, no

target of military interest is present .

2. Target processing sequence : the entire sequence

of man—machine events tha t occur from the initial detec t ion

of a target to the final operator determined ident i f icat ion

of the target by type and relative size.

_ _ _ _ _  _ _ _
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CHAPTER II

RAD AR DEVELOPM ENT AND DESIGN

PART ONE - 1- ’ • ORY

HIGH FREQUENCY RADAR DEVELOPMENT

Since i ts  f i rs t  tact ical  applicat ions on the modern

ba t t le f ie ld, radar has played an important role in extending

the conrn ander ’s abil i ty  to de tec t , locate, and track enemy

targets far beyond human limits. This advantage was most

apt ly  demonstrated in the early stages of the air war during

the Bat t le  of Bri ta in .  The Br i t i sh  early warning radar ne t-

work alerted the Air Defense Command well in advance of t lie

size and direct ion of the Nazi air a t tacks  from the continent .

Given this advantage, the British were able to conc en t rate

their  l imi ted  f ighter  forces at the cr i t ical  place of b a t t l e

t o defea t , def lect , or significantly degrade the attacker ’s

effectiveness. The radar network “multiplied severalfold the

e f fec t iveness  of our L, Bri t ish~ limi ted force and [gave i the

enemy a bewildering misconception of its extent .” G~ d~~r also

permi t ted  the defenders to exercise highly flexible economy

of force tactics for they know in which areas they could

r easonably t~~ce a prudent •r.: sic .~ Unfortunately our o~~

hi s tory  provides a cos t ly  analog to the foregoinG Hr~ tish

success. On 7 December 1941, U . S .  m i l i t a r y  a u t h o r i t i es

-,- • •• -

~
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disrogardeu t h e  early warnings of incoming ad r c i aft  from radar

picke t s ta t ions  deployed nor th  of Pearl Harbor and we sub-

seq uently paid an inordinately high price in men and materiel

for that  error.4 Accelerated development to extend this high

frequency radar (HI F R )  surveilicu u capability to the maneuver

• commander terminated with the end of World War II.

Since 1945 , a graph of U. S . HIFR research , developmen t ,

and acquisit ion act ivit y closely resembles a large amplitude

sinusoidal wave. The high activity periods of the Korean and

Vietnam War contrast sharply with the negiibie activity during

the intervening years of nonc6nfl ic t .  Throughout these transi—

Lion periods the Army recognized the advantage of ground sur-

veillance radar and continued to develop HI FR syst ems for

maneuver force use within fiscal restraints. Development con-

centrated primarily on HIFR tecnnology because this approach

offered the most feasible method of translating state—of—the

art concepts into useable hardware with military potential.5

drawing upon the burgeoning electronic advances in the civilian

sector, military developers improved equipment design, opera-

tional characteristics, and reduced the size of prototype

*~~ju ipmen L~; i n to  more manageable packa ’en adaptable to tactical

maneuver  use. Changes in U.S. military strategy during the

earl y 1960’s d ic ta t ed  a more balanced alignment between

nuclear  de ter rent  and credible grouns d e ter r e nt  forces .~ fbi1 ~

I tua t ion pumped new i n t e r e st  in to  radar development ann from

i t evolved the current  fi rs t 1~~nc family of standard U .  1. Ju ’mv

— -~~~~~• - •~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - •~~~~~~~~~~~-— ~~~~~~ - — - -  • • • ~~~~~---•-~~~~~~~-~~ ‘- — -- -~
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ground surveillance radar systems . At present , this family

consists of the AN/ PP S_ 5A, AN/PPS-9, and AN/TPS-58 (RATAC )

radar systems.7 The short range AN/PPS—9 is soon to be re-

placed with the AN/PPS—15 which exhibits essentially the same

operational and ranging capabi1it~~es as the A N/ P P S -9 . 8

LOW FREQUENC Y RADAR DEVELOPMENT

As the level of comba t intensity increased in Vietnam,

the main challenge at every echelon of command became “Find

the enemy .” 9 The enemy ’s extensive use of surprise, cover ,

and concealment to attack friendly forces by fire, ambush, and

raid or defend by evasion highlighted the urgent need for

better surveillance equipment .1° The systems in use were not

doing the job. “Very early in the Vietnam War, U.S . forces

r ealized that finding the elusive enemy would tax intelligence

resources to the limit.”
1 The need for timely, accurate,

adequate , and useable information, especially at the maneuver

level, became critical if commanders were to be able to bring

the i r  superior firepower and mobile manpower resources to bear

on the f lee t ing  enemy. 12

• In response to this need DOD research and devolonmczit.

agencies in conjunc t ion  with the civilian scientific community

• began to develop a wide range of surveillance devices to

ox t (rld an~ improve the ground commannu~ ‘ reconnainscus e,

surveillance , and target ac i u i s J  Lion capabLiity in the

4 stri ngently l i m i t i n g  Vietna,noso envi ronment .  A p let h o r a  of

______________________________ -•- - —— ‘- ~~~~~~~ -—
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variably e f fec t ive  prototype equipments were funnelled through

the Mili tary Assistance Command Vietnam (MACV) Joint Research

and Test Agency for combat evaluat ion)3

DOD programs, such as ENSURE and PROVOST ,
14 also

exploited new technologies which promised quanti tat ive improve-

ments in the corm~nander ’s ground surveillance capability. Low

frequency or foliage penetration radar (LOFR ) was one of the

first and most promising of these because it  demonstrated a

capability of detecting targets of military significance

immersed in foliage.15 In May of 1968, the U.S. Army Elec-

tronics Command published the technical gnidelines and radar

design characteristics for a man—portable foliage penetration

radar system .
16 

One year later the first prototype system

was being operationally evaluated in combat. Initially

deployed systems demonstrated a capability to reliably detect

a single man walking target through 600 plus feet of dense

rain forest. However, these sets also exhibited serious

deficiencies in the areas of range, false alarm rate, angular

resolution, and maintenance.
17 As this and other similar

devices were deployed , researchers continued to improve upon

the LOFR ’s operational characteristics. They devised new

applications and incorporated the latest state—of-the—art

electronic advances into the subsequent systems .
18 The end

of the war brought a concomitant halt to this accelerated

development . At present there are no standard low frequency

ground surveillance radar systems in the Army inventory .

a — -_~~,- -—----•— —• -~~ • - •‘ - • --~~~ _ _ _



13

A’~ 4 ’ ~
‘
~~~~~ ) — SYSTEMS i~~ id ad

i I i 1 ~x~ TARGb~lidG Sh~~un~. -~ k

The ix ’5 is  t a et ~~col~~y ~~- ~~ on the best available

van tage point pr ’oviniz i .  n .  nie of sifht (LOS) into

• l~ -tao area oi in ter st .  ~niooi -n. r~~c t  o;~~i a t o r  control or in

a preset sec t or scan rno~.e, a.e ~a - z a r  set incr ementall y sweeps

the selected area ~~~~ ~ tam bt~a~ of r a di a t e d  energy .2° In

ef fec t , the raoar c1ect~ on. cal. ,r ;:~a . tac c~~-~~a wi th in  th is

narrow beamwidth out to its d~~. a~ 4~~~- within LOS cons t raints

(Figure 2— 1).  The refl . - c : c a  r e t ur n s  of ttje t r ansmi t t ed

pulses from f o liafe  an Lerr-ain , commonly called ground c l u t t e r,

are presented to the ape sator as nr~~- d i t  areas on the visual

outpu t (i.e., a scope) ama as a low constant rumbling sound

on the aural output  ( i . e . ,  a speaker or headse t ) .  When this

beam passes over a moving object of sufficient cross—sectional

area and radial velocity wi th  respect to the radar , the set

automat ica l ly  translates this difference in the mapped environ-

ment into a target indication . This is represented on the

sc ope as a bright spo t or “bli p ” outside the sIiaded c lu t t e r

areas and on the headset as a d i s t inc t ive  change in the

doppler audio tone . Discerning this change , the operator

manipulates the set to place the beam direct ly  on the target .

This is accomplished when he maximizes the visual and aural

tar-Get return indications.

- -
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By maintaining this maximized signal return in either

the manual or automatic  mode , he tracks the target as it

traverses over the terrain. During the above sequence the

operator  is cons tant ly  evaluating the visual and aural displays

to determine the type of target a~~tec ted .  Based on his best

judgment and past experience , he makes a determinat ion of

targe t type and its relative size. If this track is broken

for any reason , the operator must manually reinit iat e search

of the area , reestablish contact  wi th  the target , and repea t
22 . -the targe t processing sequence.  Targef aata report~~ng

procedures and alterations in the t ar ge t search mode are

dic ta ted  by t i le t ac t i ca l  s i tua t ion  and the unit’s standard

22operating procedures.

HIFR DESIGN CHARACTERISTICS

Each HIFR system is LOS dependent requiring unobstruc-

ted view of the target to detect it. Any intervening terrain

or fol iage feature whi ch blocks LOS to the target will mask

the targe t from the radar.23

The inherent design of HIFR syst ems provides an

operator w i th  the opportuni ty  of d e t e c ti n g  and processing

only one target at a time .

HIFR systems can best be charactei ’Jso~i as operator

control led  radars . The operator i~ ire k ey  to erfective

cot operation.
2
~ The set requ~~rcu constant ;:Ltnual at ~ nt ~on

and judgmental skills on the o~~o~~ator ’s :rt to . c ~~~~~f\.li~

comp le te  a t ar g et  ing processing ~~~~i~~’a ’’ . r: o;’erad 01 mu . t 

~~- - -  —- — -~~~~~~~~~~~~~~ - -- - - -- ~~ - - -- - -~~~~~~—----- — —



~k-vote h i s  hi l l  a t  t ent  ion  to the r ystn .~i. He :nust periodically

naice elec tronic ad jus tmen t s  to reduce in terference and realign

the antenna to insure maximum LOS observat ion.  Because of the

shor t amount of t ime a targe t is illumim ted by the thin radar

beam , the operator must have qu~~~~ ref lexes to establish con—

tac t with a possible target “blip,” maintain continuous con-

tact once detected , and reestablish contact with a lost target.

Eff orts  to free the operator from some of this burden , such

as the instal lat ion of an au tomat i c  target alarm on the

AN/PPs-5A radar , have no t proved sa ti sfac to ry.25

HIFR elec tronic design , circu i t ry ,  and components

generally ref lect  the technology of the early 1960’ s. Because

their original design contains a balance in internal circuitry

these sets are not amenable to the aedition of components

which disrupt this delicate internal balance or operate in a

d i f f e r e nt mode than that  originally designed into the se t . 3
~

LO?H TA~GETfNC PI~QUEdCE

The LOFR rys tam is tacti ca l l y  vmpiac~ -i in th e  sajn e

manri (-r as Lao HIFR except tnat tre prime positioning cons~~dtr-a—

L i o n is ground c l u t t e r  instear of a combinat ion  of gi-ouna and

foliage clu t t e r . 2b The operator manually selects the ai-eas

by wir ;ties to search on tao disp lay using one available i-asp,

- a t e  f o r each arra of ~flLOLVP t.27 l ie  Cl O C k S  t a o  internal

elect ron ic  w o r k i ng condi t ion of th e  set w i t h  the  b u i l t  — i n

t e st  equi pment  (BITE) j,a ac t iva te s  the i’adai’ . Tflu s t

• —--—--—--————------.— -— .-•--—- -- -— •- -~ - -- - —— —- I_ .—_—-s_ --
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au tomat ica l ly  scans a 60 degree wide , ~ O me t e r  deep band 01

terrain for each gate deployed at the ranges previously

selected by the operator with a beam of near continuous

radiated energy (Figure 2— 2 ) .  The set can electronically

cover the areas wi thin  these ran 0 •  gates at better than 1,000

t imes a second . Stationary ground and foliage c lu t te r  signal

returns are electronically cancelled by the set .  When a tar—

get penetrates into one of the deployed electronic range gates ,

the set senses this change in the mapped environment and

produces an automatic visual and aural alarm of the target’ s

presence. The automatic  alarm consists of an audible buzzer

tone and a series of lights indicating targe t direction wi th

respect to the radar . These alarms, tied to a specific range

ga t e , remain on until deactivated by the operator.  Each range

gate also has individual audio and visual presentations which

permit the operator to process the target .  The audio out put ,

a t rans la t ion  of the target signal return down to human hear—

irig range , is similar to that found in HIFR systems . The

visual outpu t is a scope and/o r meter which measures relative

targe t signal return strength fro m the dep loyed range gate.

As the targe t progresses in to  the range gate (Figure d—3 ,

posi t ion “A ” ) the audio out put changes in t one and pi tch while

the meter  readings increase in magnitude . When a target

reaches the middle of the range gate (Posi t ion “~~~ ‘ )  the mete r

reading peaks and the target is physically loca t ed at the

r an ge indicated on the display panel. The operator then 

- - - ~~~- . — — -
~ 
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ac t i vate- s the azimuthal  funct ion  of tao set and determines

the re la t ive  bearing to the t a rge t .  Tne reverse occurs as the

target t ravels out of the gate (Position “C”). From the dis-

tinctive audio doppler tone , tao return signal magnitude, and

the speed with whica the target t~ -aveled through the gate,

the operator estimates the target type and its relative size .

The operator may then track the target, manipulating either

range gate in the direction of target travel to insure elec-

tronic contact. He also has the option of tracking with a

free range gate , leaving the gate which originally detected

the target free to search for other targets . If target track

is lost for any reason , the operator backs the range gate off

a representative distance in tao appropriate direction from

the last contact position and waits for the target to reappear .

The target information reporting procedures described in the

I-IIFR target processing: sc-c1uence are the same for this scenario.

LOFR DESI GN CHARACTERISTICS

L,OFR uystcrns ~ i~’O capable of detecting multiple targets

.— r r ~uitaneously. Tue number trat can be ietected simultaneously

is a func t ion  of tru na~-nber of iriacpendent rang:e gates designed

in to the system . Under present circumstances only one targe t

can be e f f ect ively processvu at a t ime because of 53 ace

limitations ob a singie operator at tao F . The m os t  sop h is t~~—

cated set fiol’Fo i ham the ea1~ aGlity of detcctJn1; u~ to an

t argets independently rn-i process-~~ng taree simul t aneous ly .  

~~~~~—-



-~ - -~~~~~~ - — - -~~~~~~~- - —

L5 tILL S j)uf’Or , a L0it-~ ~et Witi, t~-rU t o c a u - - r ~~L ran t g at e s

wil l  be use a in arc suOsy qucr~t bi.ecu m~oa.

Although LOFR ’s arc.- capable of cteteccin~ t a rg e ts

immersed in folia ,-;e- they are not capsole of ric-tecting those

sesi c targets loca Lea boaima a gt~ ~~r terrain mask . It is aiso

floted that any foliagcu tue raaas- mast aeretrate reduces its

. eaximurn e f f e ct ive range .29 For example , if a LOPE is ca~-able

of detecting a target out to a range of I ~ea1ometers in a

::lOLr erCttc-ly foliated area, it can only ciotect  tha t same tar -c t

at 1,500 meters in a comparable densely foliated area.

Ef f e c t ive LOFE operation is a fur~ct on of the target ,

foliage , au- I ar itcar ~a . - s . :u ar as lieu am tao ciasssc free a i r

• • . , 50 .. - - .r adar equa t ion  ~~Lr n e~~aroas . L~u c-~~~y var-~~auie OcslfnurS

can inf lu ence-  to impro ve s~ o~ erCrtsOu is tue anteur~a aei~~at .

ircr-ci for-c, ~~~~~~~ haVC cnarac e erist ~~ca11y high w~ tL -r ua ~;asts

of 30 to gO fee t . Al. o LO~-t’ ‘~~~ amoule he ctmftoyed in fr-m t of

or at leuru t 30 m e - t en s  er-/ay :hso:; amuvy foliagc to elim i nate

- - ii - -
a j a r -  :e- iimn c-cIatc ~ol~~a~ r — clutter nc-tat’s. - if su sta sl~

1’ositions are avaiiu- ~~~~~~~ .ac at; a aiph pnomantory w. th .-te& -

t a l l in - :  away tori-var- , Lao -~~ can am so.; itionod in tre ~~~ ft

I: arrncj: as an

Altiroeph LOEO syr-te : . place a suril burden on the

operator , t i l e operator  i-ema ns t . ~ y to effoc Live set

operation. TLIU operator - o o.: not have to -a-vo ;~~- his tai l

at  t;, -a Li oi to tin - s - • L0;-t -: ‘ nc o ruraL , - - t ,  lVo ,C -d • : ~~~~. - i ,-

ci cui try SUCh as ualanceu -. • 
Ic-i - i r s i  ju’oc- -s. ing to

- -  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - - L~~~~~ — -~~~~~~~~~
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Table 2-1. Comparison of hadar Characteristics .

ASPECT HIFR LOFR

Technology Late l9~~0’s/Early 1 Late 1960’ s/Ea rly
- ________________ 1960’s. 1970’s.

~‘requency Range 6 to 17 GuG~~ ~~~ 1 I 250 MEGAHERTZ to 1.5
(H , I , J , Bana0 1. GIGAHERTZ (B , C , D

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____________________ Sands).

Targe t ing One targe t at a Mul t iple targe t s
time , simultaneously;

dependent upon num-
ber of independent 

—

__________________ _________________________ 
range gates available.

Scan Rate 2.25 to 14.5 degrees i Continuous within the
per second , entire area of the

________________  _____________________  
deployed range gates.

Environment

Ground Mask Canno t penetrate. Canno t penetrate.

Foliage Mask Cannot penetrate. Can d e t e c t  t a rge t s
immersed in foliage ;
ranging capability de-
creased as the depth
or d e n s i t y  of fol iage

___________________ __________________________ increases. -

Operational Heavily oi-sonteci Machine oi-iei;tea ;
Or ien ta t ion  I 

on ogerator ability machine i-ac -fo rm s lie
anh manipulative surveillance f - u -  ; ion

_______________ cooramnatsoc- . automatically.

Operational Must be poritionea Must be positioic.i to
F Considerat ions  on p r o min ent  t e n —  e li m i n a t e  g r o r u I i mash

rain wita LOS into only. A relatively
area o f In ter e s t ;  large , high antenna is
on1y a small  Sirt suscc-pt~ ble to enemy
of the  search area ooservation ; ra~o C is
is under  dire-ct cuni- -nLly I ira t e d .

- observation at any

_________________  
one t i m e .  

________________________I
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CHAIH”i- II I l l

C0MP..~ hA?1 VP Je”J ALYSI S A.1 1: EVALUATION

This chap ter aocn-osses ~ nt radar systems from two

diffoc-ent points of view. Par -c One de fin e s  the ra t ing

procedures and conditions of comparison. Par t Two considers

the operational character is t ics  of each sys t em from a s t r i c t l y

technological  or machine point of view . It invest igates  the

o p t i m i z e d  machine capabi l i ty  of each sys t em under s t a t ec t

evaluat ive condi t ions  to per form the combat surveillance and

tai’get acOuisitio. s~~~~ oo. In cnicc  par t , i t  is assune-s toot

b o th  devaco t  are o: . e razsne, a t  c_ a-in ~~O Si_a 1  level of e f fic i- s oc y

and tn a t  opo :-ato ; -s  are sHIl;  cc.al~~f_a-~~. Part Three b olt-

w i t h  rice man— ; :~~; u lOu 0 ~~~t io . .,  or scon e c-openly ,  how does -he

opera to r  in te rac t  wi t~c triO r:~uCn ieco a_a Loe exten-_a l C 1 1 \ C _ a :-~~

ment  of tot ’  _a-a:-c urea Co c f ’ oc_ av 1- ly  accomp l_ ai;  the s~~ —

voi l lance mi ss ion .  I t  Vt - s ti ; O L C t J  on or a t o r  use of a set and

i t s  o u t p u t s  to a cn ± uv a  t arg e t  s o p uis it i o n  and ide nt a f i c at o c o n .

I t  also s urve y s  the 1Si~~ LOC; a s p e c ts  CL ts-c ; b — , main tenance ,

.sr1u; 2 rsar;;ac-t fac tors • Part  Pour - I~~~11S 51505 thu results of Pac t a

Vwo ancr Ton-ca.

AlIt ’ ONE — CQN~ 
1.Ar c i lUf j 7~I 2 i  01 -OLOGY

r;i.sPtr P4100LI1 )UL c

The ratiit: ac~~e;;;t OO i S i~~c t L ~~ - I n oj v i d e 4 a i  ;)aF~~~~c - t e r s

of evaluation for ~- ac~~ s~1 a -c c ceu4 ~ re I in i ac-L~ ~wo a r - ;

~~~~~~~~~~~~~~aiuiuui..~~~ -- _
~~
— -_ 

- --- -- -- — -~~~~~~~~



f t

i’;~~~e~; . iiucii aspec t  consiacra w011 receive am adject ival ar~s

numerical rating.

The a dj e c tival rating is derived from a comparative

analysis of each sys tem to fulf ill an ost ab l i s h ed  measure-  of

ef f e c t i ven e s s  (MOE) or perforr- ~~~
- ‘ -cr i te rion . From thcs

icniaiysis , a ececermi r 1a t ion  Is na to  spc-ci fy in ~ which s yst e m

ex n ib i ts  the superior capabi lity  to per form the s ta ted  func-

t ion and a ra t ing  awarded. Rat ings  are as follows :

3X - one system is superior to the other  in all

aspects of consideration.

2X — one system is superior to the o the r  in most -:

aspects of consideration . -:

X - one system is rrarlsnally b-~t demonstratably

suncrior to ti~t o ther .

EVEN — both aystoms porfor:.: o~~aaIl y well.

Adjectival ratings are transla ted into numerical

ra t ings  in L ieu  followan 1, manner. Eaci: parameter in P-ar- c s Te-IC-

and Three is ailo t te c  a crox 1 c_a~; osasbe:- of t o s s- id l e  p o i u l  s

acc ording  to the au th or ’ s perco-Itson of i t s  relat ive overall

:mpo rtancc- . The scrxvol  a r C ec tival  not ing a c ts  Os a d _ v i .~or

o obtain a nur -sricai rating. For -c-os: : i -
, a tL crc e ra t :inf

receives the full n-os: i~~le ~
-1oane t VOl_ a  i- io±ie a two X rat.J a ;

is awarded t w o— t o l l - e s  of too- pos.~~~;sI 2o l~~c - .~ No : o1 nt . al~c

~sW0 r -dC- -~ fo r  “i-l V i -lI. ” ratings

Ope ra t ional  parameter. : receIve L ;e  va::t to osH tot

(7 Pence-nt) of poin;  - i l o c Ot u ; . Also WitSin eac!2 ca~~* ely ,

________ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~ - -—
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parainetc-c-s S1’o prioritize-n by point dllOcoLj~ fl to reflec t their

)erCeived relative importance. The rating matrix showing para-

meters  considered and the total number of po ssible po ints

allocat ed t o eac~-i as prcsc-ntea  an Table 3—1.

CONDITIONS OF ~. ntPARISON

It is in t ended that  each system be compared under

c- xac tly  the same condi t ions  as much as possible. Therefore

-the fol lowing st i0ula t ions  are maci c for Part Two. Both ecys-

turns are colocated and positioned SSCO to ot  the  antennas of

each are deployed at aoorox 1ccato y tOe  5a;:eC- : i l± g n t .  Possic-Ic

mu~~ua1 interference is d~~srer;art.oa . ?a±s is -cj ’ccr ica tud to

achieve a commonality ci d l lt t cr  001. ta r1~ot 1:-;-csc:ntattoo.

Under these circunstsnccs b o t h  sosteces ccn. .ul taneousl y 5o~I5 ch

the  same area , lookcn  I at CSSa:tt~~t1li7 tOe sane prosentatcon

of ground , foliage , one sean- a ~ at t er .  I t  lose_as that

- - a c - i  t a r - t o t  inves Ci~~Ot c 0  0 s~~5 . s  toe  ~~~~ cnas~ — C ut 

.~~ I Lie 101 velocl  c y ,  a r-n c du rat loc:  of ;ccovei :e-nt ice each s-tn —

t 1 .-t1 5±111 11 -

I 1n~~VALaA -

The -iL:tecor cLc~~:cowlL - C., Ic.: t he  l i r;ii  ~atloi1: - of tin5 

t l ,I :- -~seor ;;cay e~~su-TI- ac w i ts  e- u -c i f i c :-ac  t :  of

t h e  ~- valirsLion . en t r ; ±s  instance- , tad’ r-(-a IeJ - i: encournpeci

to  c t ;  L a o  L i s a  hi s OWO ~~~~~~~~~~~~~~~~~~~~~~ cn it cr± o n  cuec ;  po in t  alloca-

t ion , r et -v a l l it o  the-  ± s -  Cue aspect (5) 1.1 t .-iiii s of 1ijs OW: :

_______  —— —~~~~~~~~ —,
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values , and cec-r-ive flitS own rating for the issues in ques t ion .

AUTHOR ’ S CREDENTIALS

The author ’s experience in this field was gained

while serving as Operations Offi_a-r--badar at Project Modern

Army Special Systems Test , Evaluation , and Review (MASSTER),

Fort Hood , Texas from March 1970 to October 1973. Principal

dut ies included the detailed planning , execut ion, and reporting

on nine tests of both systems conducted by MASSTER to determine

their military potential to the U. S . Army. The author also

- c -  rved as t he Depar tm ent of tree Army Test Representative at

six radar tests coreL-acted by other U.S. Army or U.S. Air Force

t est  agencies.

PAP? TWO - OPERATIONAL CAEILbILITIES

GENERAL

The capability of a grounc. surveillance radar system

to detec t targets of military interest is dependent upon t ;er ee

c- .Lr- Lants: tee m4 -dIceaLn (-, the- maci, ant the environmental conch : —

to n of the search area . This l a st  variable is rarely in an

i d e a liz e d  s t a t e  tha t  max~~m coc 1-s ;caO and maceine a u r fo r - r n aj e c  o.

?eore-fore , as a pi-eluo-s to cne o p e r a t i o n a l  analysis , the Pac e-

l l f l u  detection capso±1ities of 1-ocr, syStI-c ;, as W I ’11 as tc .-

u L f t : c t s  of t e r ra in, foiL  ag~ , taco wcoath er  050 defined .
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DETECTION

Detec t ion  is the essential starting point of any

; targe t a c q u i s i t i o n  process .  W i t h o u t  d e t e c t i o n  the opera tor

is unaware of the enemy ’ s presunce  and the subsequent threat

it poses. U . S . Army t e s t  ageric nave conducted numerous

s t ructured  f ie ld  evaluations of bo th  high and low frequency

sys tems specif ical ly designed to determine their  de tec t ion

capabi l i ty .  These evaluations were conducted under actual

combat condi t ions  or in a test environment where doctrinally

sound s ty lized  offens ive  and defensive tact ical  scenarios were

used. The ground and folia~.e conceitions were specifically

chosen to represent p o s t ulat c h  low and mid-intensity threat

areas in which the Army C Oi l iC l  r easonably  be expected  to f i gh t .

HIFR sys t ems c iemonst ra tec i  a low overall c apab i l i t y
9

to de tec t  ta rgets  during tr~eso evalua t ions .  They did no t give-

the commander the surveillance caganility he des i red  or e X -

pec ted  and tnus  ranked low on h~ s l is t  of i -r ~~J. -~-r -ced c o l l e c tion

assets .  ~Ii~R sy s tcmL :  were fote n~ to be for t;ev m o s t  par t cued

~o a t a r get ’ s presence  by anocrc er- s ur v e ill a n c e  dev i ce  w t n  a

sign if i c a n t ly short-_a c i e t ep t i o r i  oan 1~ t - . Under normal ci rcuin—

stances one would r ea sonably  as~~ornu trcat c it e  ; - i - b a r  Wi t ; its

lon ger ranging capab i l i ty  woul0  at t as the cue i rig -iev ico.

t h is  d e f i c i e n c y  ;-ias a c t r - ib u t e - c z  to Pro -  radar team ’ s inaL- .ciif y

a cover i t :;  ass igne d S O O t S O  aI - uO • The — 1 0 1  ;:r’oL-le- ci however

1 Los wiLt . t tc v set i t s e l f  an ;  ~ t s  lirn~ tat 1 1 : - I l l -  of’ icce- r - w bow:;—

w~~ I t i . ,  ; ;low scan rote , ah~~; LOS r o q ui i a - m~ - c t f o r  k - t  oCt i o ;- .

- - -
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LOb i i c c ~~ti-i titoi1s Ofu- a~~uressea in “PualA 1rd’ below.

Narrow beamwauth is essentially a problem of design

geome t ry .  Given a nominal beamwidth of one to two degrees ,

the  H_IL FR can only effectively cover three to six percent of

a standard 60 degree searcn sec--ar at any one time (Figure 5- 1) .

This in conjunction with the slow , mechanical scan rate

result s in the beam being pointed in another  d i rec t ion  for  a

large ma jo r i ty  of the time a targe t is posi t ioned in an area

where it is subject to detection.
6 

Ideally the radar beam

would be pos i t ioned in sucn a manner t h a t  i t  would d e t e c t  tne

target as soon as i t  is exposed.  Tn , s  rarely occurs , howevei ,

because the vas t  m a j o r i t y  of posula ted  th rea t  areas c o n t ai r

a t least some form of intervening clatter limiting ~~~S

(Figure 3-2) .  Therefore a more typ ica l  iiIL~R search p a t t e r n

is one where the target is not detected until it has traveled

some d is tance  away from a mask . The LcIFR system is also apt

to false alarm or miss  a targe t when i t s  beam crosses the

houndry botween two ais-cinc t clatter environments such a~:

P r om an open to fo l i a te s  arece . ’ A more I ;et a i led  discuss .or:

o P 1 aitae alarms is 1 e . L ~~L t e c . ~n oar L

LOFi~ systems sr ~ t,~1- at L wcia have ~eifl(Ofl5 tc-ateh a

~O pius  p e r c e n t  targe t aetectiar~ rate iri structured f i

eva lua t ions  conduc te~~ ~ n all vat’~ et~ u- c; of i-’oiiae ’e- -

c s  - od in conjur~c t ion  ‘s.c to o cL~u-r STA~\() u- vices jo -ocist r i - - a

g r e at er  r ar eg  I n-~ capsi’ - l i t y ,  i t  was  t f l I~~ i n i t i a l  d e t e c t o r  of ’

t l U:  ( - tt P. o t t  t 0 1 1O i -~f t ~~~ 
- oral ac t o t  as a cuein1 I -a- vice  

- - - - - -~~~~- - ~~~~~ - --- 
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for t iec o ther  sy stems .9 The LOFR sets  invar iably  repor ted

cor rec t  d i rec t ion  of target motion .
10 

In the case of two

ta rge ts  s imul taneous ly  t raveling through toe same area , but

separated by a consiher’able ar st an c e , LOPI—L op e r a t o r s  tenon—

t ra ted  the ab i l i ty  to aetect , - 
-:~~ te , and track b o t h  w i t i e

l i t t l e  d i f fi ca l t y  in a shor t  period of

The reason for  thi s  keig~~ d e t e c t i o n  r a t e  is the com-

t - i r ra t i o n  of e lectronic advancements  woich p e r m it  the set to

12
“ see ” more of the t a rge t  area. LO~’r-, elec t r o n i c  c~~rcaitry

re~.~~u s ts  more ca~~ckly and w i tn  ~ r~- a t L -r ~ cr s r ’ ac y  to tea. -0 real

- r i Vi  r’oss14cnt. The ooiancer i  -a Icr - Ott -roces asfic ret .o4;

cotpl~~t wi t e e  tn t  ol~~a~ e - ,~~ - T  a t  ~ Oc. Ca ~~ - sty pCI’s.s t toe

sc: to  fsxs a ca-is di c Cr .r, ;.~~:e O~ ~W~ -~ - e. :r.e Porge t O r i t  tree

1 o l iat e d  envi rori :e-ot CVet W..c-fl t~~itt a~’gCt l-~ ‘ - i t  ~ed in

foliage . F~naliy, tee ~ ima- t CO~~tir,aot.: ,u ove i l l ar ,c e  of areas

w i t h s r e  the ciojccoye- a :~ o ~~
- 
~tctCt :CfQ\e. a- , a mel  P t o , so; data

t a te  on a prospoc t~~ve :an - t :r,an o.- s l o w & -; cie- ~~~~~~~~ - -

~-a ta rate of t i l e  Oil”,’. c:y~~terc . I :s t h y  d o t t c  ted

very soon a f t e r  to1-y ez o ~~~; -  I t i e  ga te  o f ;  ~ - :t0’~’.~LIif i tOo

1 c - r - i - i t o r  ::u f fic i cn t  ~~srcie - :o a’o-c~-ss .it (cia-in ; the in, tia .

- ~L _.i - - - -d e t e c tio n  sequence .  i-O1’o seresac~~v~~c y is also oralancee

•-c-cause tne  cont i r~~o~~c- LiO &t ’C iI o f  an area w~ thout an t -;; r,s ::ovI - —

mont e cr. -t~ neatoS tee lou t-root coo co ..ulation of’ clutter re—

tu i’n j 5 5Q~~ ia~~o(i w . to r-auar- ae-~ :o;
-a-ios W i . I C I I  : - bc - ically move in

• r sea r-ca  r atIo . 

‘-~~~~~~~~~~~ --- - - - - - - - - --- --~~~~~ - - - - - 
j



p.- - - -‘-
~~~~~

--
_-

~~~~~
— —------—-- ----, .-,--- --. --—— -- - ------ -_-

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

~~~~~~~~~~~~~~~~~~~~~
.-

~~~~~~~~~~
- -‘--‘- -—-——-

TI-I

Nei ther -  system is capable of cr4etrating a solid ground

to  de t ec t  t a rge ts . 15 
?hee-oforc , cOCO must be su i t a b l y

~— osi Li or ccU to mie-uumsze grouria  stat:. -tti - ::axirnize the amount

or .~~-able  scarce a rcs.

FOLIAGI

Tree z-.ite”-~ system treats foliage in much the same manner

as - round t e r~ -acn-.. It a :sc  fo isagc  f o rm at io n s  sucre as a clum p

of ’ trees sf0-lace toe- sam e- vs_ a a l  anh aural outputs as ground

clutter. Tee-re- are t~;o 0 trier fat core w~-iscr~ •-riu st be consiaered

O~ S C O C C i C . , ,  •-hh-5-i in:e-rcei sore w sch  folsage .

The first iosiage movement. Foliage is rare.Ly at

r est but is usually trivet-, some- aegroe by the prevailing

sreeze or WiflLt. W~sa; irecLacec, fol~~s• e- movement within the-

;::e-aL-cn beam e;cgracioe sot c-.-n:-stivscy anti r-~~bsequent1y lt S

aosls ty to detect :aog -c c. ha Le ns movement ~ nci ’c-a ~~er- , t ree

~~~~~~~~~~ S sensstivsty eecl’easos to a noset w;-ere the set is no

longer capavle of esstar. -
~~~~~ :~oin c oetween a target and t i t

f o l i ag e.  In moc.erste1y fo~~~.~t ec. arc-se , cor ~s r -t c n , - of 15r~~o

e-ti ,snes and t r ee s  li~~c-r’ally :oc~ -_a -c- : -c- cc :e.roug. o u t  ar-i a .  I s

area , th is  point  of noel t- Lion ~s 
;- e~~ce1cJ  a t  W 1 t l c C ’ o C o t  of

10 to ±~ , a;-iotc; at tree- ~~4x::a o.-: C ,O~. 0. tat - It t alice rn-CI v il ; -

- 17f oliage .

The second fac tor  is t ; :~ - - a .- t c t - b ,1,  of t ar~tet

cci clo~-e ~- rox s :- l ty  to ;.c -~~J.~~ : ’  C l L t t o l

(F’i 4 -u rc- ~—3) . 
Tnt-co L.o-~ ’ -t :; afC O I ( f l  sct :-t or Sot -t tt-~ t t ’ I J

- - - - ~~~~- - ‘ - - ~~~--- -——~~~~~~~~ —- - ~~~~~~~ - -~~~~~~ -~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~ - — --— - --~~ --‘ I -
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00011 tt: the- r e f i~~c te cz s~~~nsl stre-rei- t~ [ro e tree relatively small

r : :ov sn- ;  targe t w i t n i n  tn e  raucec- ’ u ran - -c gate is obscured by the

relat ively lai-g- foliage clutter return . This situation

•a; pests frequently because- tactical rrtovemec-et doctrine dictates

:.aXirraim use of te-rraan and :‘oliecc concealment to mask move—

beae-r t r e e - s e  ci rcumscanc0s , tne operator  may be able

to see the targe t with his unaided eyes , but not  de t ec t  it on

- - 19
055 raaar set.

Briefly sunl-narisace, acresevea kI~’h detection ranges

o:~~-foximate the visual bOl to the tari-~ct as limited by tree

- - - 20snt e-e :ve-nsng  g roun~ an1. fO~~i~~p C ma5as.

LOFR s y s te m s  are capable of pe n etr a t i ng  the  full  range

of foliage pt - c s ent s t i o r~c w s c_ i i n  toe e l ec t ron i c  design and

-- - - - - - - 21
[loWUf Lsms:ataores cc ~nc sys tem . j

~ i d e t e c tin g  t a r g e t s

:-umer sea t i-i [olia ;e- , toe ~bii-o beam noes not directly penetrate-

t r erough  the foLiage- ms~~o. It uses tre e -  area on top of toe

foliage , the air and the- loaves on top of the trees , as a

d i~~i~~c ti c  O O t i t C i d f~~~. Th e a . a - ; : i t t C d  wave is pro :agatea over

se- ed d l O Of , the  tree-  tops , scat : e r -e- t .  2o~~a into the foliage

see. c..~~-~~-oqaon thy re .’~ -c. 1e--~ ~-acs ~o t-ie ra~~ar re c e i v e r .  hdFii 1 s

c~x -c-OSCCCU no tie Leccsoo proo_ ee~ sr~ toe crossover o r l~ CI .  and

Sa ve - , e . :o . st r a te cr  a c1;pan~~l~~:y to - L i C C e L O - l ily  f in - ;  t a rge t s

er~ - t . , in ~~c - ’L:. 1C~~~~ 5 C  ursvt e ; b y hoot ~‘ ifl tr - .~ in t e r

Pt t- - w inc t cond i teae~c , ~~~
- .- - a:~~~~~~fl~~ ac - a x -a - ‘  i era oat: goc- d ,

rt ~~t~ ttly ‘ e - ’ f l -~ OC t I 4 l ~ iC~~ . 0 5  ~~-~-er’ely c. - - -  ~-i-a :ecI . Aco - ,~
~so :- toe el - t v  :.:ovetio - o: t t O~~~~

- c- .: ori a ::yceml - P r h c o l  to a 

- - - ‘ _ _ _ _ _  
___



. — j y -  ~~~~~~ :OV ~~- ., - i.E :.u:- 0. A 1 - ~~ - - s~~:,t , tree ~~~~~~ i’~~~~ cc

1a~ae-le to etC LeCt tar , - L t~ - Se Ca  to.e b cu.te—c processing

~ nc ciore of tree S51~~~~~ l’ is- unaole to cope w~ to i-list crear ~cging

cxtt r r eaj  envsron.c,e.t.

In add i t ion  to t~~e- above c o n s t r a i n t, wind per se has

an adverse e f f e c t  on bose sy s t ems .  ~ircc induced radar antenna

osc i l l a t i o n  inirotuces  unwac te -c i  nois-:- and mirror  re turns  i n t o

toe radar receiver, se-grading set ef f sc~~e-c c y .~~~ Thss e f f e c t

Is more pronounce-c .  at mace: lo ’.- ic: - speent~ in the e-1IYr-~ e’(s em.

bOF~—. sys t ems e-emore~ - :ra 1~~c. a ~urpr~~~sn~ ca p a u s hi t y  to onera te

~ e-, winds of 10 to I)  --ccts -i~~ te_ i Cit l Cle- e f f e c t  on Lie

2~acquisition potencc~aJ~. on- er ~~,e5e coec0,:ions , ~~~~~~

capabilities were- cIgnIf~ cantly 1,e 0racee-Q to the point w~~e-re-

tee y are ine f~~~ctive . A~ ti—c - . - .-~~ . S~~~~ 0 t I i 5 increase , h4 -

tiori fl- tOeO ~~~~~ . ~ Gi’c ~~~ ~em~ ccau . ~~
- oi the trareslat~~cr.sl/

crc . list ronal m o tio n  c~ its ~c~~e ~O - -  t O t -  sreci’oasct fol sage

.~c~vemcnt • Purist tes~ - o S l O , y- -.oterri: nations romase

accurate (i~ me te: - : )  .~~ c tO e.- se:.cac-iol - r- ~-o1ution degrade-s

as tee- ~ _ rec . ~~ c. ~~~~~~~~~~~~~~ . Ab ove d i  to  ~0 i t t  Is ,

boeca systems are gvrera ly ee~-ffc-ctive .

~‘rocIp t a tc o r e  suco ~~~~~ - a.aV 1 ss~n, aflt; sf01-. a L ro

,e r.orur: tize each 5/stum ~~flc OVe a t  eally i-e sther t:,tcs in.~-il ec—

t i vo . ,fow 1-vc- r - , tee ~~~s’~ 1-y~.tem L - O , ,  t: a i - t a o t ter

o : t -r a t~~ortal Ca -a.; - t y  OV-s ; its , tJ-’i ’ coue.ter~ ar t  at lowei--

_ _ _ _ _  _ _
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~~~ h r riot.

OThI l , -s-~A~ iJ

~~oa~~ue t ,e Conce1 , o :~

In t nis pa ra~-ncter , tx-ic- to~~og:-sc icy of too evaluation

sit e s  vary from barren , level -t c-rralc, foecred in the open desert

or tundra to open, roileng te-rrasre ie:~ -r ~ ( f-Led wi t h  c u l tiv a t e d

fie-Lis or low foliage formations fo..re1; e;-;tCres~~VelV thi’ougocut

tee temperate at_ne ~.us—tro cu~c c-Sec5.

ic-as-are o

Tee- caaac~~-ty ~ f a c- y~~t~;... .-o SLtC CL and locate tni--ge:c

of mil . ~ary in t e res t  travesusg, over re la t ively open, f la t

t e r ra i n.

to  s YO t t - m o  are eg neLiy ca ,~-aoie  of O C L O C  t ing  t a r g e t s

O1, C to . :Sa- i r  C;esl0fl  fSfl tiC 1st fla t , os-rn te:’rairi 1~ i~t1~cn;t

ce~i L 5 C . 4L t ~~~~ .

?~~~- hIFi-~ cy~ ~~~~~~~~ O C . O i a -  c .0i- tec- a eli , O c  aci vtsaa..;e CVt f

itS .Ih-l~ counterpart on :o~~lsCe - , o-c’rc~~n. Ti:Is anvcuctagt-

accrue- s [rot-i te,c o.~5Ic ic~~erenee s;. eei 5i aca; low :,~ ~~~ ec cy

.eavt - propa , :stion ~~~~~~~~ 5— 1. Ss;.s-l~~etically to;:. ioere~.,

L c , t - ~~~1 h  . 5 C C 0, t - i i Cy  ~~~~Ve- i~~ pro ~-d~ 5tt - c. in c; i~a~~gict l e~~e

1-. :  t x  c-a S tree t_OW ~ :- - e-c 4 1.1-n Cy  vJS V -c - , t ci~ e-, i  th  .1 COflCOVO ie ’ O ; e t t  a—

Lion osarce- . tees st~ C toWafe: ~ i--i~ L r i ft . Jn -x~~.; inc rep -
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a ! c t  ~- t t - ~ .a~~~ O e~t :e tea i~iga~~e :—5 , r~~~s t i : c c -- set  iS

- 5 .  a~-l.~ o t’ neiiect - n . - a ta:— , ct at po~~stsoe: 1 behind the ~~~~~~~

WQ~~.lt ~,-rt CCt i c e  t a r - c t  f i rst as i t  :~c-acx ,e t

cot .  
- ~ ea ~- O , -  - I. At 

~~~~~~~~~~~~ 
:sO;. 5 bot re sets are Ca~.sc,1e

~~f :t tc- c ~~~~ tree target c-u o~ o~~: d: ~:~sc~~l:1. This cci [cererece-

~~O 5t, , - e -  ot u C t e C ti O r ,  ~OQr ) cray v~ x-y ~p to  100 met e r s  dcperrt-

- - . - -, - 32rep 5.;Ost tore- 5reaula~ ion ot tee tcrrra_n.

~ :: t ree  oat- n , roiling terrain ws th c 1:ltivated areas ,

Lxe C ~~~r-C nomorest ra t es  a maraec: s ,vae:s ;c- over the 1~IFeii c ys-

t - -cm.  Treu hesge .c  of  tree I e t o r : I c r e~r~ct ~
_
ol~~atc fo rma t ions  or

t t ~~v~~t~ ;d arc-as may ce-scare e000 0 ~ t~ce arget’ cro~~~—

e-ctios.al  are- a ~po- - _ t S O e i c  Cr 1~~ 5.  
~~ to or eciucrc-  - ee t e ct s ox :  by 

el . Tn _ c- wo~~l- . be e~~ ~-c~~~
_
~~y tret so toe- S~~~Cf l c f

,-c .-_ iC tGlLt-;C £21 1, 5:,J. a .  t-re.~ . c~~rcametance too

O~ - e C S t O f  may oi- ~ ole to  See tiec tar 0 et  witi: ~ns urea_eec. c~yes

nut not netect st  on his S o t  - 
-~~~~~ 

~~~~ c rsven m o ve m e nt  of :~~~-~ e

~1 f l  i-~~t;l , ~~~~ 5to -,1 C~~~ ~~~~~~~ -~ ..‘t~T~~’ - -~~~~ - ~~~~~~~~~~~ t i l e  ~~~~~~~~~

tte ; t1lJ- e i i r e i y to i.e toC-~ the Lar 0c- -c . I - ~.dh, - t-. C I c S  & X 2 t _ i e S oo

(1 cLt’fic1,lty i-. c:e-,~~Cio~ -.g tic s-pe t5  at  -o s it so ns  ~ anti ~~ 1,i:iCS~

too— W~a... Wa~~. Very - V - -r e .

-e tc~~ ~~~ 111 t , ~.5fe ~~~~~~~ e , SV S f O:O t C I it , l o t  sirorteeT

ran -’ e ..e.-~e - . , t  each l ; i O S & ;  . - . ~~St c - et e ~~ -~~ to C- i t - m y  O O S e l  va t 100 

C 01 1 1 -  C , 1~~~~~~~~ C testS. t 5C , t~~~~ 7 .~~ af lt e n s a  to :

..ot.-e.,ia h c - i g h 4 - -  of 10 tO . d ~ ee t  aSt:  ; O W  T c( ~L, . i i( i  to ~ ia  r t - .~;- -

tzt ~ Jfa ’t- r ’n. ~e to ~‘Ov~ -c- LOU - y~.to- .; ini to Ctc t - p a . i t o -  s p~ ai

coy- - rape- a:. L.cx ro~~, c  ~.t tao- -:e~ ip.. ncr - - ( i - .L to:- t - j— - ) .

a i a i- c t i c~~e. 3 : ( . ’ i ( . s  10 .-,. i~f l - _ sc - - -  o: oat I 
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- c ; :  L i o n : -o -c - -t :- .i y - o;.:pr~o e: - t - . ;;c: : ;;~~~. ~~~~ x C t  to the noutrs :sc—

Li ;p e f,eo ic of e--:~r ,y [sc-c -c , j o_ t i r in g,  or a v oidan c e . Tn ss

s it u a t i o n  irt - one-rall y appl icaule  only to open areas where LOS

is not a h t m i t i ri - ; i’ac-cor. It_c ohiate . 0: o t a lt — u p  areas thIs

v u l n e r a b i l i t y  decreases si 1,r,sf :_ i.~_ y  cc-cause the- antenn a and

tact arc’ much  more easily concealed or obscured from enemy

- r o u n d  observation.

Bo th sy st em s  are vulnerable to a e t e c t i o n  by enem y

electronic c.Irectson [snasog (PF) cievsces because of the nii elh

S_1, l - 1 c -f  level ar~c. c i ct sn c t i v e , d i s c ret e -  mcaioc-r- in which t h ey

t t _ a O S ff li t .  ‘2~~.s 15 a common dct ihcsency of 511 active emi t t er

c-S -arC and a pises  uçaa~~ly ~~~-i any terrato environment. It

m u s t  be noted however host t i_ iC shii’fc is more vulnerable  to

d e t e c t i o n  because i t  it -  c u rr e nt l y  toe sole user  of i ts

f requency oara~ . ~ OTh ’ s op er at e -  at f re-c jaencaes  close to t A i O - L e -

usea by -toe- c3oviet arc , ~~~~~~~~ It a ce s  f iela  forces f or  t a ct ic a l

- - Soccr:s; :re scat: , o .to .

1P, c b0- ’
~ :/ c I - m s : - : , _ O ti .  a ,O~~~~. . 1 0 1  ac:~u i c i t - I o s t

a: ~~ c or it y  ov ex its t~~~,
’c c:oc.ot-~- rpar. to f s n - r  p a r t i a l ly

c c - S C t c f c s r srp t -t s .  _ t  Is t~~~~t , , , o W - V t f~ to31 Lic ~~~ ~o: coicre t c- :- —

-515flCC~ L /  c i t . ;  1 atti al - 1-ccos LiC~ lLty c ce-~-my obr-~ r-vaLi o c

o r e  -on . r h h - - ~~ - 1~zo ~ l , x s : _ o r e  or a v o i, e : , c e .  b o th  c - . L~~r r ;  -

; ; , a, . i-~ - r a I n - .- sac 1 ~O C h iC tx -cn .~c ot - tvc tioj: -ro t dc-i toe or, - c y

- L O ’ L ’ t ~~j ie ; :,L1Lsc- ~ - too o o i’ S t ,. , , ,  .e. ’~C~- e-!CCy ard ( i - -  -
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In this parameter both systems ac-c j udded to perform

equal ly  wel l .  There fo re an even rat ing is awarded w i th  no

points given to either system .

FOLIATED TERRAIN

Evaluative Condi t ion

The topography of this evaluation si te is depicted

in Figure 3-6. The ground rises sli ghtly f rom t he radar se t

to the saddle in the east such there is intervisibi li ty be-

tween the set and the road through the saddle over the inter-

vening trees. The time is early summer and the foliage is

at its median growth point . All hills depicted are covered

wi th small trees and brush . Each set is posit ioned to permi t

maximum coverage of the assigned area. The topography,

foliage, and intervisibility (1500 to 1800 meters ) are re-

presentative of the terrain found extensively throughout

Western Europe , especially rural West Germany.

Meas ure o f E f f e c t iveness

The capacity of a system to detect and locate t a rge t s

of m i l i t a ry  in teres t  traversing over fo l i a ted  ter ra in .

Discussion

Each system ’s capabi l i ty  to detect and loca t e tat-get;:

of m i l i t a r y  t c ~ t-e c a r t in f iti ;; fo l i a t ed  environment varies a

- r a t  Je- t l .  

-_---—-_—-- -- -- -- —_ ~~- -_ - - --_ _—~~~~~~—_---— -— - -
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tite liiPh :;y: -c tern is capable of easily de t e ct  in ,- I targets

located at positions 1, 6, and 9 because of unobstructed LOS

to these locat ions. Conversely,  the HIFR is not capable of

de tec t ing  any ta rge ts  at posi t ions 4 , 5, 7, and 8 because of

the absence of LOS. Posit ions 4 u-~ 7 are immersed in foliage

and posi t ion 8 is s i tua ted  behind a ground mask . Although

pos i t ion  5 is located in an open area , the radar ’s LOS is

blocked by the intervening stand of trees. HIFR effect iveness

against targets located at positions 2 and 3 is questionable.

The hei ght and density of the mask obscures a port ion of the

ta rge t’ s cross-sectional area , making de t ect ion of this now

smaller target more d i f f i c u l t .  This s i tua t ion  can be fu r the r

aggravated by wind induced foliage movement.  Under average

conditions it  is est imated that  a HIFR system would de tec t

50 percent of these targets.

The LOFR system is capable of de tec t ing  and locat ing

all targets  wi thou t  d i f f i c u l t y  excep t those at posi t ions 8

behind the ground mask . It is no ted  tha t the HIFR has the

f i r s t  oppor tun i ty  of d e t e c t i ng  a target approaching pos i t i on  6

because of the  LOFR ’ s ground wave propagat ion c h a r a c t e r i s t i c s .

Figure 3-7 presents a composi te  diagram of each syc~

t ern ’s capability to detect and locate tar-gets in this scenario .

I t  graph ica l ly  demonst ra te :;  tha t use of a LOFR p e r m it s  the

commander to “ see ” a much larger por t ion  an-r  ; :co ;-c c r i t i c a l

t e r r a i n fea tur-es  of  t u e  battlefiel i at any one point  in t im e .

N c-edless  to : sty, ol 4-r-ct tiofl it -, a i r ~. 1 y fol i at - - _ Jcti- i Ic  ar-c a 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~- - —  -
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wool ) fur thei-  l i mit  each system’s capabil i  ty  w i t h  a greater

adverse impac t experienced by the LOS dependent  H I F R .

Summary

As shown in Figure 3-7 , the LOFR system exhibits an

overwhelming superiori t y over it- sIFR counterpart in foliated

terrain. The capability of the LOFR system to detect targets

located in or near the foliage fringe gives the commander a

preemptive opportunity to engage an enemy before the enemy can

employ his direct  fire weapons sys tems.  This is a signif icant

tac tical advantage .

For this parameter, t he LOFF system is awarded a 3X

rating valued at 35 points.

BUILT-UP AREAS

General

According to Soviet doct rine-, “Mtlitary operations in

bui l t -up  areas LM OL3 A~ are an integral  part  of combat o~ - - -sa-

t ions  and present special opportunities and challenges to

comm anders  at  all levels. ” 37 Un t l  r e ce nt l y ,  t i t e  US m i li t a r y

establ  shine-nt hat: ai et lip service to developing fnc doc~ rita-.

- 38 - - - -and t a c t i c s  to conduct  ~ O c-A .  Rencwc-r - rcLeie-s t ifl l i i  S

top ic has been generate- by increased cc l  1 : 0W  Pac t empIca : - C

30on and t ra ining -in MO L3A. - oct 5 4 - - )  on t h e i r  :t a i - J  earned 4 -xpe i - i -

once in World War 11, the fovic’ts iiavo ion: ;- .- c  ognirie -3 t he

- rn: 0 1  t~ - 11-  - -  0 C dOt —A sri I . i z  ~ aiio -~r t a - 1 1 1 0 1 4  - c t . ~ 11) ~~514 0 1 :  : of

t t - c t i t t r r a g  r 4 - ; e l r c vs  and t j t r - -  to p er f e ct  I- ~~ c A t . i a  t i C s cilia)



- 40 - - - - -d o c t rin e . The Soviet point of view was published an 1971

t y Major Genesal A. K . Skovkoiovicd of t h e  fo v i e t  Army, ‘v-riti ta~ :

in Combu - ‘~~ or-a t~~ons of the M ec i t a t ti z ed  i—~i~~le ~ au c t a l i on  icc  the

( 1 ) tj .  MOBA a qu ir e s  an o f f e n s i v e  spirit and a force wi th  the

requisite boldness , f o r t i t u d e, r’~d resourcefulness  to be

v i c t o r i o us  in the c i ti e s .~~~ At  present there is no DA

proponent  agency solely tasked with updating our combat-in-

c i t i e s  (d c) doctr ine  al though several ongoing s tudies  are

being conducted, including a jo in t  e f f o r t  by TR~~~OC wi th the

Federal Republic of Germany . 2 Ex is t ing  U.S. do ctr ine

essentially says “stay out of town; i t  is a very nasty place

to fight.”
4
~ We can reasonably expect in Europe , especially

in Wes t Germany, the most urbanized area in the world , that

the Soviet Union will use built-up areas (BUA) if they a t tack .
44

This assumption is based upon the Soviet “hugging ” technique

to minimize the e f f e c t s  of NATO nuclear str ikes, the size and

frontages of their  combat formations, and their  pos tu la t ed

use of the main road networks through cities and towns.

Again , knowledge of the enemy ’ s s t rength  and d i s p o s i t i o n s

becomes a matter of prime importance to the commander. At

presen t  our surveillance capab i l i ty  in , -:)J A it : largely l i m i t e d

to t roop reconnaissance, a hit and miss tactic which c a r :  be-

co me- c o s t l y  in men and mater ia l . LOFR technology o ff:-i- c~

t o -  commander another option and a new method of f i n d i n g  the

enemy in urbanized arc-a:: .

~ 

-_-~~~~~~ - ---  --~~ 
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Evaluat ive Cond i t ion

The evaluative tes t  si te depicted in Figure 3-8

r-enrezonts a low level of urbanization . This is considered

rho least  r e s t r i c t ive  case as there are numerous open spaces

in terspersed throughout the subu -’hr- c complex . The area con-

s i s t s  oi stone or wood houses of two stories or less , inter-

secting streets , and high voltage or feeder power lines criss-

crossing throughout.

Measure of Effectiveness

The capabil i ty  of a system to detect and locate tar-

gets of military interest in a built-up area.

Discussion

A HIFR located at any place other than position 2

would con t r ibu te  nothing to the commander ’ s surveillance

ef fort because of LOS cons t ra in ts. Even at posit ion 2 , i t s

value is neglible be-cause the search area is restricted to the

s t r ee t  out to i t s  LOS capabi l i ty .  I t s  vulnerabi l i ty  to er -t e s ty

- J o t e c t ion and neu t r a l i za t i on  in th is  pos i t ion  is very high

because of the re la t ively  short ranges involved. For the-s

seasons , HIFR ~i~~ yc; a noglible role if any in MOflA .4
~

LOFR technology on the o ther  hand has demons t ra ted

a cs; anility to a i ot e c t , locate , anct tFctCl . Lar g e  to in an or:-

c o n t r o l le d  d I J A . To s a d -  - these- d e t ec tio n s  the LOFE pen- -t csi —

H -c l  a flum ) :e-r oU na t J r-Si ani, acts — ut _ ide’ oh: tctclo-t : : - U c t c r i :  f r - oe s

atto houscr ;. i t  j 1~~o op e r a te - a  a :~~r oc tl y  un~~ - I - power  1 - - .Ou - r

_ _  _ _ _ _ _  _ _  ~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
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1 ~: - - s - 4 i 1~~ 1 d o : ’ to bight voltage t r-ans;rais. on lines w i t h  n e g l i —

i - i ~ - he : :-tatiorr . Using a map of t h e  area , operators were able

to  dLs cir-cgaJh ~ ii between test targets asu other uncontrolle-u,

-U 51 0 2 , : ;  tar-ge-- in ticer area. Thc-y were also able to discern
4---)

act ivity within specific houses. fnis re-presents a quantum

J tcm: ’ of some magn it u d e  in J : r orovs :c c the ~~~~~~~~~~~~~ surveill-

an c e  c apab i l i t y  in J3U A, a c a p a b i l i t y  w h i ch  to now bias bc-er

l imi ted to physical  reconnaissance of an a~~-sct, in e f f e c t  a

soc~sc- — t o — h o u s e , visual i rc s g e-c t ior a. he-~~earchc has found no o ther

t e s t  of this o~, i i c at l on . T h e -r e -m o r e -, w i t c c o i : c  any ade ri tc ional

test or tnooretical cata availa:-ie, no vali d ex t r apo la tion

~uv LOPh ’ s c s 1s c -J i i ty  c- o d o r  more r e s t r i c t i v e  c o n d i t i o n s

can be iraacle. 

LOFR t e - - c nc: loc y c-c re-s-c::  r-s a quantum jump in the corn-

a b i l i t y  to “ see tc-e datti -fiel~~” 112 ~h—A ~ It  per-r :s ts

prevcoc-siy irrc; oss~ u~i st~rvc-iiiance of ens-my ice - i - i or unoccuj ie-d

c - t a t .  i t l  t i - r r i t  o ry  w i t h o u t  - - n - i an : c r i l i  - l~~ves. --bile the sys—

t e- i1l 0 ~~~~ 110 1 1 5 C r-  t i l l  LOct te U - W O e - i a  )Th. c -f l i t  J : tOE , i t c-OC S

- :a - ii t ri ,’ nr~~-n: : of act.~ -Lt y a i : - u tnort - forc- :~o t - -ntial tun-r- ~- uts .

p t-sl its t O O  Co u c r u s n -i ct  to co t t e r  -:- .:-ic -i t 111: ; l i m i t e d  1 : 1 —

; oc ; e r  r e so ur ce : :  and to -- :c -rcir - i - it - :-:i : 1~ c- o11ol :iy of fo i -e

tacti c s in ~dc - - ce a:

l~’or this ;- a! : L :a  - to- .- c--Oct 5 ,- . - t~~-si i s uwar oed a rX

va i n - -~ a t dO p o in t

—-

~ 
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I c A O LO c-~i i U 1- L b d Y  J NTER i~’c-JI-Ji -NC:-~

hv-iiustive- Co rni Lion

iho tic c- -ts r:.- re coiocatc-d n a foi l ;0 t _1 at c-a. IL 11 each

-qalali y sa i hj c - c to  i nt - r f e r o n c o  fro m tn e -  large number of

ac t  ye- o u t  t tor-s normally focucas — ~fle hO Ighit c - ira -J eic-c tro—

nc -a- -tic environment of c omb a t .  This con :it on d i scounts

a c ut u a l  i nt e r f e r e nce  be tween  se t s  an- does no t  include

elec t  flot i  c c o u n t e r measu r e s  sn ob:  as jairomin :, w r ic h  are S~~eCi ad —

cali y desi~~nect to  dc: . rade or negate  radar c f foc tiv c~ness. U

de tt : -u  - - - - o - ib’fec t±vo~~cs~

The c a p a b i lIt y  of a s y s t em  to opera te  at  its ciesigc c

p o t e n t i a l  in ti~c- ic-Igniened ::loctro::agrictic environment of

co::Ucit without suffersanr . operational d o n  cc- h it ion CSUS e- a-y

- c: do frequency in t e r  t ’Or-Otic-e- (dinT) . -

1 th the ~-x c - -p t io n  ci’ the ~~ ./I2 c-t~~9, ~~ J~R sys tem:  si~c- r-~

ti mac c- - -
~ tub - - ~ b i l  ty to induce : c- .1’ J fret.: other active

Standu?  t • S. ~ ttC t~~~O~~j  i d  ntu i~~on O~ -ratjin- t—it : i:u

~ O 5:-m rs of on Ai / cTI— c-A ar set  will  a L. - i - u - ~ itt: receiv- n

s uf u i c  - n tly to c e v ~~~t any ttui~gOt acted L i o n  c- t c o  c L  ~~ lca

- j-: -c- -s sly : c i o l c : e - i .  ~ Toe- A i / U i ’C -—  -
~~~ : al- -

V L a -  r ab lo  t~~ i t t - r f a -~ - c - c t c - f r s - : :u  c . l 1 c - t n i u i :  (5—10 - lo:rii - L err) a

po Wc-r shtta:r-:- .~~~~~ ‘dn s ~~i C- . ods tb no -- : - ’ te~~ri J - i t ) ;  a

41 ct1 - .’ii corn ta:u c cr 01 :: t -
C~ lein :im . t j~~-~ must: e-i 1a’~~L ’ ~~~i - ~ 

tri O S ,  0 ccui at . r a l a i CaiLerIu n c-ic- H Ol.J t h ~~~~~~i 1) :c-d ~~: . .
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OPERATI ONAL CAj I-ni LIt TiIEo U ti -J-c Y

in tl-ii:t Cat- - -o~ -y , the- LOPs :: C-u i-: to a~~Ua~ or-

Out aa ro’orrn it ~ HIFP-. counte p art  in n il  : - c~tr~~~e t t  nrc - of cots-

:uc: :i:or, . Tkms machine ns
~ 

c-r-I~~ri ty is a in c - i .  b y attri uu t cul-ic

to fou r-  u s t i nct f ac to r s : c nv5;~ - ci in ternal  - :c-si tn , a h ig h :

scan ra te , the caciability to master its - :- ilroirrnc-nt , and

f tally the unique capability to penetrate foliage. Inc

p o t e n t i a l  as-c ; :ou-cst: acted  ny  f i e l d e r- i  ci :: ic- . c-ntst1or~s of ~~~Pic

t - : f u r 4 o b o c  y o ffo r  tOe commanc :er a signCficant I:icreSse tn, c-tn

nu l l it y  to “ see t o e-  b a t t  1cc-f t el-c-P1 icc any cccvi : -onntc-n t .  A

summon/ of tne above results c- cc; p r - e s - c c  tes lit Table :~~n .

b a-c- 1e- 3—I . Results of tctc Operational Capabilitics Corspac.rlso:.
an-I  h i -c i i u at i o n.
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C EO-P-Il cAL

~Itia ‘ruSs aki (i ic- ic:  t. tv-c tion dealt or by witi c c ’  :15 0 ~~ flc-,

t ic-i s  section investigates t:m- i:c-eSc -tcion of :nc-ar~ acuL m a c c a i r n - .

It looks at how we-il an operator  iS able to use fielded Im-

plementations of each rad ar a- . - cnuiobogy to accomplish the

surveillance miss ion .  Five c- ne-rotor  dependent parameters arc

examined . They are false c - i c : :  c-at e , target i dc nt i f i c a tl n n ,

]uc:I :ac - cn f&c t o r s , t ra ining, and ; c:c - L n tenance. False alarms are

Sc J r r - s s c - c  bc- r a t k ~~:r t ican  in tne o~ -era cional sc-rtion because

I I . tar toe- operator ce-co cleterschaes wi-c-c--t ne-i a set ~s tsr-get in—

iL c at io ui is true or c-sine. This concept leads to a cnor-

general conclusion about t ro t:-.. surveill.c-nce r adar operatior~s;

he- nan, not  tl,e machine, in c-ce key to c-access . He is the

1 ~nal -Irrterminant in any ol cc-cation, with ti:e macnine act incg

onl y as c-ru aid oct clue-an:: to assist  c-iJlfl in achui :- v i : u g  t ha t  end .

t’AbIt / w A c c t  ~A bc-

ti - icc-er- c-i a- ~ Lb c-c t~~v- 
-
~~ cc - - ;

Ti Oeiuuo nstc -i~~c- - c-~ tlitv of  c-S O~ -ulS c-: o a ij : c i - i mj n a : e
£ -

i- - t w r - - - f l  a i ’aL. - -- - ~c-~ ’~- ctc an- a t rue ac-c t o s u l l J t r l i V  :in -i - c :-t

I - 
: - - I - .~ ; it : c:, I t

‘ a L - c -  c - 1 i t l n - c ’ s ’ ~~ oi ly  ~ e i a - r a t ’ ’ a 0 -i.rc-1 c . —

7- ’ i i . 1 0 t (  ~i - , S i-  tc-’L - ,‘ L 1-’o c’ - -c Cans- - .;: I 4 - ~~~
- L i 5 , - l  - i  I.

(Ia ’ S ~~ £ - i i i )  ci  - - x ~~- - - : ac - i  a : iv S - c -u tim - a t . a I - Ic e - 
- 
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- 

~~1 a 
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~~ ~~
-
~
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- 4 .  L i l a .  (~~a - / 1 1  - c - i s- - í a the a:(- C , i:t - c a : - : c - . a t )  - il r c o t - u ~-

~~~- Ic-Las: i l - c , : c a  t a  anra aiility), :c - Jcu io~ . -~~~. t c-c - 1~ - a  ~~~~~ ( f a

(‘raouI r -au to c ot  -c u-i l - 1 tOt- external r:cvj -or: - - nt. ~~~~ in t h e

t a lc - c- sic-c rc . :  cay  c-i cc- be gen er r -  c - e r :  in e - c - .u a i iy  w i t : u i u c

- - it s e-i f  or opera c- iorcaib y ~c- tasi- cc-ttic-tc beac:c cros:rcac

t h e  nocandry uc-tweaeru two ails t i~ act clutter ec-av caa-onr:cccc- it , ci . e •
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foi  t a t e - - .  to  our -n  t a - m ain . T~:e s o lu t i o n  - to thi~c not a c- arid

t H - s  p r o c - b e r n  -i s  a roce--:ure for “s-c-lccting sets of filter

C0’ Cb ic ic --ia Ls by ci c -r cc -s i fyiui, Lcc- c-cu c-O :u c-batten f u r c a - t i o r :  of

Is- is -ca : i vecl clutte so as to uc-i1l~u -c - a ycsc :Lbea c-Os pr - —

c i t c t a !  -in - j  .Cc:I L sac  alarm pro c-ab : i it y.  “ ‘
~~ Toct a e;o r-er , in nc-v

c - a - L i  etcic-ti-- s: : test , it iS ic -cessary to i s - v a-  cc c-cc- - c - a O c .  C i  c - - s i c  -

c -n t icaiiy c ; e - t t c L i a -I the detectc-tocc - tnrc-c-c-oi : Sic - oct that tn -c-  Cabs- -

alarm ;u-ohr ~~oiii i~~ of toe-- fcc-icc-ar ~S mairctai:ccrt at or - - - -ic - c-i a

c o i l  sin value while r::a;-:imctc-:ing rh-c- na iar ’ a capability to

630~~L o~~t - ar; et c- .

Ti - I f : a -  -c t errace a c- a ist ively  ui~~~c a  f~ 1as- ala -rn c -tiLe

pu- ~ u - .a r - i by to  ( l i e  r -  c-t o a . : :cac-e-d above-. The - m a-c ar  sC- t ’ c S

- 
c - - c - 0 : 2 1 P j ) i ’ ( - c c -  a~~ no~ ~~ ~ia- coc cruna entiy ci- c - l i ic , witic

c ; t ~ t i  c-C 51cc-  ? r u c r V l c a ~ 5 Colic -ui - - of t i c - c -  C i t y  i.c’o , :Ie t at - ie~ t crc -

cc-s t~ . In thh ; I n c ;L 0 : ct - t ,(i  trlc:c -~~~~n:-, s t n- .iic a ’i c a .~ 

i c - a l t - :  is  a i~c -ci.c -ri as-sa c-c L u ; on the - c - cr - f of tc.c’ c-cc car tic tOc~

- t l’r S c c - t a - (t r(p i u i - c -  l~ e-ac raorti:c ,- ~~~ T c u c -  :co:- ’:ai -n t of c-i:: oi

c - f l  ; 7 ] f l l c - L c c -j 1 1  a / r a t - -  c-u i - I  v- ’l o c c i ty .  iIo~ -.’a-ver. : . c - c c - -  foil 1:tc: 1:

sa l a t i t c ’ a - ’ t  ~ iL u L t a u y Enti r e - c - a, ~. i c - - a r t i -  - i c :  - c - t i c - I d a ;

— ‘ Ia. cc-i f I - a - 
- a - - 

-
- : - - : in c—rn . ‘ i c  a c - .1 - - l .a : ac- ca : cc: ti ii.~; - a: ,

-- ~~~~~~~~~~~—- -- -  - -~~~~ A



C a

- . 1 - a  I -  a - : ( c -_: I a : , I o l i c - t ; u c ’  J a ~ O~~~i a (  - - i c - I  l i d :  - - a : -  c - l a

i i , -  - - - c - I - c-u, .:, .11 of r .’ i c : L c l a  y i n c - l - c  r u ~~ H c c ;  u- - o r -  inuv c - c - t i ; a —

on.

Plc-i-C a c -v a l u a t i o n : :  of LOFR ’ s sa ow t i ~i a i r t  ;:o car; - r - n c  ‘- ic e-

cc v a - n y  low fa l c -c c -  aiar .n r a t e .  to  ca :  again c.uc pr-tic-a ±i y

t o  i t s  advanced ale--sign which a a ut o s c a c- i c a liy  ro c . auce s  intoc--sini

receiver noise , optimizes set sensitivity, Sc-c/I  our- c-ears- at rite

c-to:’ i n~
- foliagc;- clutter by c--cui c: of c-c- baltic-c c- si d ou r - i cr  signa l

- roe-c-ssictj m - th o c 1 . ~~ Lc)i’I-. og i -r a c - o r - c r  arc- able to quick ly

: i de n t if y  f r i i c-s e- ton-ge t inaiicatiorcs from tncci r aural and vi .:c- c-l

r e a d o ut :  w i c  I cc-i i - n -  -v ide  it c .uuch  non-c nc- f i n n e d c-i - a c c a c i t a t i o c i  of

the (c-cr1 ;c-- t- f: i c - . nt b on  Liar  5 c : at  f o a c c u a  in dIE’. 0:. They are

- ci -o c- i in- to j~actid :i Ij - ii st: n, ~a u I : j u  L a o I t C- - c - l a  5c 01 ~ io 0 tacy ct :~- and

L nc se t s of cccii itc -cry i;at- -c’e - c u t  c tS C 5 S f lt O U  icc the test scenario.

1.n c u l  o~~ec -u t: or-: a-, - f e -  r o t  a l - lu  to do fn~~n .

:: - sac-: - - 7 hj i i  a :ca ar  P -c-  - - a var u~ n a a-  ov- thc-

c i ’Fi n y c  (- id .: tat cc~ - S c-c b o i - j - - c  t i ± c r c -  crisis :, rat-- cc tu --i n -

c r :r a i o i l i t y  t o  ~-rov~~ c a- i c - c t -  o ;- - r - c :o :- v i tic - d J r - c - : a~. to - t n t —

L i o ~ c - c i c - -h  u. Lw -vs  ::-u~~iOi .:s anal  r - i  t c - r e- of  : n J l -  t a c - - ,-

c T  . Al l I O n  Ic . - e i : a  arc - c- c-c-Ct c-c fai. - _ c - c l r r : i c :~ , hOc-’.

s 1 a c c - . l a t O l it y  to t .i -s is co: .- i . 1 -i :.:iy i-~~ s c~~~~r n a a t -  01  c - .-

“ t i - ;h t ’’ li t-:- : : :al (c -C 5 J : i i  ._ i n c-  10 cr cc - i;  IL  ~ j  ~~ U-c- t t - ’c - c , c1

c-i - 
i l l  Ic- cc-’ ’ - r: t c-r c-cc! a ‘ f l \  I a  01 1:

For Ho ;rac ::. c-cr- c- a edit- s y t  r i c a  Iat S W : F a l v d  a -~~~~

r~~ t a l  — c-nb -- - - i ~~~ ~~ 1r o.i i~ i .

_ _  --- ——~~~-_ -~~~- - _  -~~~~~~--~~~~-- -~~~~~ 
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TARGET il)ENTIFJ CATi 0,-U

d e n our e  of E f l ect i ven eo s

The ab i li t y  of arc o p e r a t o r  u . :J n ,-; tlse outputs of cc -

c c c - -  ~ to correc tly a ieter-mine tao type and re la t ive  size of the

a ia- tc-icted t ar c t :- t  • Tic-is ItOh p r’c-as. c-c-c-ed t ha t  t u e  car i c- t d e- t e c t c- i

is valid and one of m i l i t a r y  in te res t .

Dis cuss ion

This parameter examines tire efficacy of a system ’s

out puts and the relative difficulty an operator experience-c- in

inl ta-fp r c-ting tnem properly. There for e, the better’ the i c - &~ t O S i

(Ia- more  easily arid accura te ly  an opera tor  will  b c -  able to

c - c : L - a r c a U c -  Cac---;e- t type and S: se .

Op er at o r  - - !a’tenccined tar a;e i c - S -~ sc r i p t ions derived ft -n ;- :

- c c - ’i- vi:::ccal ~ - a d  cc- .sab ouc-putc- have proven to be unsatisfactou- :.~

do;uuc . U I - I a - I S ~-ia c-t little reliance on radar- operators to ~c- -ovc - c -~-

- - - - 70 - - -ihi’:n W a  t i  ac-c icc craco tar-pa t ccc-ascnc.staon. Tecnn acal c- r sp: -ovc - —

- - ‘p t  S t i : - - 1  c c v i  c - c - - c t a  S in cc , [‘roe-c c-.rc-c-: have- sornewnat alley - cc ted

t h i s  c - a f i  C . L C c 1 C  t ic-cc t not to nrc accc~ i tauia- ic-vol. For exarc- ic ,

A --U/POP— A .~~: — - 5  ~
) ou- :- sa : o c: coic-’u :ctly i d - n u t  fy onl y one out o a

eva- 7 [or Ls:--;ets 1-r - -tc e - cited . 
/1 ha ts  c - c S a o . -c - . : t i c a t  ‘~ O S r  r -cc to ;-at

were  c - i a - c - i ’ l l -  to  ident i  ~y t a rg et  t yp e- c o r r e c t l y  at  b~-t  icr fhcu c

cc - a l ice  l e a  1 . . . tor  to~ -.1 c : t - i n~tui~ ; i c  p ( - r sOf lf l e l  ft c-c-

l 7 a a : ’O t O  r o l c - o i - l y .  C i (  - 1 :  by tti&- lt a l - l i~~ 0 1’ O S -, e - i t l t O l d :  t o

i - l a ’ c- t i  y tiii~ 5~~ - c o t - c - c - c t i y L c i  . I a a  0~ a I t t  c c-il raVironmenl im - i

- -a 
—) 

j c - ) i i i J  l i i : i : t a t  1 0 cc . ’’ 
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0 - c  t a c -  o LI a t - c -  ccand , the re [ta leS Vi  - c- ar-i ~~id tU 1 n .1.

llrcoon ttitio rcs of LOFR ’ s are s u ff i c c t c rn t l y di s t i n c t ive in tinf li--

na tu re  arirt i f l a e - I c S L t y  to  enable operators to id en t i f y  La : - ; e - :c - c -

witn a high de- c cc- of accuracy.73 Operat o r s  are able to

dis t in~~~ish betwo-en personnel a - -ac -h l cu r i an  t a rge t s  as c- a- i l

ac-c accur -a tely  e s t i m a t e  t i le- ic -c ’  relative sio-c- over 90 percef:

of the time .7 The outpu t presenta t ions  also per -sn it t ed

0I) tfatOrs to cuistinguish between targets of militari f c c - .a c c - s t

tr ia d s :c-urious t ar -PL OtS  such as l ives tock  are birds.

A practical example points up f l-i c essential oifrerence-:

i n -c-ace sys t e rn .  Ass~~ne that  the ran~~e gate of each c-p’s : c-rn Is

p o c : i tb o r a c - d  on exac t ly  the eas e piece of terrain. As ; i ~~~- f Ur - c -

:15c c of a five cc-an reconnaissance tuaic : c- icc - er - a t  the gate , a itch

net wil l  yield a visacal and aural i ndi c a t i o n  of t a r-s  - t

- r I C c - t C f l C O .  both operators w oe-b c .  discern a dS c- :tinc tiv - cc an - S

I I c  the -iop~ j a r s tc~ndlo tone w i t h  the HIP R ope ra to r  r e c c c- i v i n l p

a “ bli - “ on hit :  scope ~~c-- - c - i a t ~ bbcta op era to r  ni- c ci c - ic -- :  - c - - s c - - i~

i c c - s i c i c - - f - - i .  A , :noro - - b e - c c ac- n u c c - c  of t O n ’ Lc’aec - ’,ta- n ’a-c i t c i c  ‘~~~t c - - ,

tIi~.- lilt - LI a) ,o-rfl t .Osa  l’/ O c-i iS a  P c - C a r - cc  an slight lntenstfic :ra .,C l l i

of t a. ( “c-li p ” c - c c- c a : i L  e I c rc- in -i inc aud o i O ; a ’ c -  U: . L i i  cc

r : c a ; - i : n - a I : l  w c c - -  ~~Cl , l - t V a ’c- c- ic c’zc Lnc --c e cc c cc - nuic - n-c~c- of t c c c -  t , - n.,’ .. .\- c-ar -c- ~i f l

t c c O  s t u y . T ’ i u c ’vac - c - c a - n i - -  - c c -  S c a ’ c o nci cie rec i  t i j a - :;ar ~~ 1;iu: c , c - c c - c r c , ’ : ’

a c - ’ - r a t  i i .  t a g a L a -  a t  c-inc- one t i i c c ’  i a i - a a~~~c-5a ’ it  L i - 3. - c - c c  - a n

the I (‘ac- c vo id t a S V a ’i ova t i - c- terrain w S t h  a to 10 a- - I c-n-

c-i c I i c~~1 : a c-a : c-ct J O i -  Ii a t I  c c  e c - a .: I wi - ru cc i’s - . A: - 1:1 hi sc-b a t

1 } - e i -  1 - - -as to la-nv’’ the ,- n t c , m e  i f l t a c ’ n c c c  l v  0 1  i c . ,  L a :f a  I

i c c 0 i c - c t Or cS w o t c l - z  - c c - C a i i : -  c a ~~~t c-3. t i  i i . : t  man~ a X :  t t a j . c-’dc-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --
~~~~~~~~~~~~~~~~~~~

- . . — - .



-~~~ 
_

68

1 db - c l a) a a - a - O l  . a a a t  i i )  i- -~ 1a r e c c t c - c~ t e - ( i  w i t h  q u i t  a - a ~h i  I t - -r out  vi sua l

- I a” u r ’  c - i f  t h et a - - i  t i c a -  a u d i o  presentatIon would b a a  arapc oxirnatr’ly

- 
k -  - acc - vcc c ’  icc- c thu c cc  ic-al ccyste .m. Ac : t c c e  f i r s t man r-eatciced the

ce-i L u r  of’ t i u c -  a c - u , the meter  would 1-eak and t icen  drop o f f

a t big ht l y,  r S a t i n g  - c c - S c - c n so a hp- Ic-s’s peak as the second man

aparoached and nc-acne-s the center of the gate. This sequence

would con t inue as each member of the team passed through the

gate and ex i t ed  from i t .  A graphic representa t ion of thi s

targeting sequence nc 11- al aghting the differences is presented

in Figure 1-9 . In th is  sequence , the LOFR operator is ahie

to investic-a te  each targe t individually, in e f f e c t  coun t

each one , while the i-IIFR oc- c-astor is only presented a gross

represen ta t ion  of ti c-. - e n ti r e  sequence .  This aspect  of o :-c-c - -a-

t i o n  is responsible for ccc LOPh operator attaiiiic-g. a :ciuch

hjt lliur- target identification rate.

Summary

The LOFR sys te ;n  -t ov idos  the operator- wIth more -its -

C I  ic -u c- a r e  change ’s i~n ic-c- spa t pre c-c c - c c t a t i o n  t c t n : I ’ u P y  percci~ t c - c c- h~~~c

to i- .n r u L i f ;  a S r - e t c  wi a it  c c , L i C a  :coJ a r--.- b U a i ’ i 1 . ~. t y .  ‘il u~~~

- i i  r n  c t c - I I C e -  ~~c - a  h a l e - c c - t i  c i c a t c o n  c - a - I t  c-c olljty, ~2) a - r c’rcent versus

2 ,  n a -r C a - nt  for ci .c Fi-1 O s ., c - t o c-- , : e - : - r - sa ’c O c:  a c - c  u c a l f i c a n t

a i d  a OV ’  i n c :  1 ira L c , i  c c c -  r . t . c a c -tnn c - c - cc cr c I 1  a tee I ha -

- ‘k’~’ic c-- I . cy  of i : d -  LOi-’ia y c r t c _ - : a ’ ..c - c i t . g n t e  t n  .1~ L c-’’a 5 ’

at tn — - - I c - I  H a - 1 n c a - f a r - ’

h - ’O t  ( ( i c- i .  am L a r , i c s :  c-~4 ’5”1 ~~\‘ . l f l : 1  a d  c - i c ; c p : ’ ’ d  a

c-al t fl - c- c- i t c h  ill )  b O a l -  S .

_ _ _ _ _ _ _  _ _  _ _ _  _ _ _
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i-f UMA1~I FACTOI-I S

o 1 Efchc-ctivenec-is

The ease with which the rtcan~ machc- n-c- team accorap lUr c-nc .-c

t b , a ac-- and surveillance c c i i e s c i o c - c - .  This parameter  acln.resses

operator  f a t igue  associated wi t c -~ nes lcainod radar operat ion,

operat or ac cep tabilit y of the radar , and operat or conf idence

ii— a set s performance.

Discussion

luS IZ - ’laL systems to inclune those with automatic alarms

require cons tan t  operator attentcoa . The- fatci pue resultins

f ror~i c~is is a sign i fic an t  def ic iency  common to all I -hIE’R sys—

ttc -c-~ci. No r ma l ly  one man car e f f e c t i v e l y  operate  a set for an

avoi-ape- of 30 to 45 minutes.~~
6 

The :naxicci’~ a t ime of e ff ec tIv e

c - - c t  ope rat ion  Is 60 to 75 m i n ut e s , dependent upon the  ± c t ~

ci -Lvidual  olaer -a t or  ars the level of a c t i v i t y .  Once thec: c-

l i m i t s  are reached , ok a e r a t o c - -n b e - i n  to  exeerionce ciet’iif t a t -

Saig eye and c-ar - sa l  c , cco a a i a ch i e - r - , and backaches. Opor-ato-

iPr.LIpc ac: - 1 - 5 c c :  t t S c 1 i ~~~ b ow act  i t y  1c a J o d c - :  due to th e  horeCoc ci

cc-cusc-d by c - n c- coat: tan s , csoc-c-o t o n o u c  c- cc-as h - s uc h  at of ti c c-  vi c c - c c - b

and aural out  c-s tar: . Alt o - wi th  c-li t s f a t iguac-  cornet :  a los-c  of

irc ( r c - , :t ic c ot  op e r a t c oci . 
/o The r e c - au l  r a c - : c t  d iminu t ion of

o a - a t t  or e f f J C i a ~~a c y  C c - Ic c - c - c c - -c- fa t i,- l 1 l ’ - c - L i - c  los-c- of’ intone-c t

le- c-t ’ a c - - to a OW  bc-a c-bc o r c o n f L - c t i a c e  I l l  t:ice c - c t  cjj iac ti e-

o h i c - - - c-ca 1.ca c - Ic : c c ,  I f 

-. .-- -
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~~)lH atyt. c - - c - c c , on t c c - e -  0 -c - r i -c- i -  c-iicu J , lca ve-  aeon wc-i~ z--ececved

up’ O e l e V, a c o t ‘ n a  c ;o n c a c - b .  Drci~~np p- c- ac-ions of higkc ac LJ~vi Ly ,

- er-a orc.i can - -t ’c- e - ctively function for two hours and more

uS thoict exsaer-ic-nc htt ’-S .r y S e Ver s - c-  c-nyc-cc-cal eflects. This pc-rio-c

iat OX iOac - a3(c OS- a orc-- n, a rinc-, pc-s I~~.. of low a c t i vit y.  The

reason for crc -in ic-c tUne - set automatically performs the

c urveillance function. The- operator is free to perforn~ other

tasks un t i l  the set alerts him to a t a rge t’ s presence. 80 This

h i ec t  of op er a ti c - c  s ign i f i can t ly  reduces fa t igue  and expands

tin - -- lon- ,th of t ime a single user can e f f e c t i v e l y  operate the-

r a car .~~~ ?±rc- cumb iuca t i on  of less f a t igu ing  operat ion cc-cr.

r educer  bor ’c c-com sc--ayes to re inforce  operator  confic?er t ce  anal
- c -

maintai-c hIs interest in set operat±ons .’~~ Soldiers cax : ’i e-atsect

conf idence  In the sys tems to  p o r for~c- e f foc t i v e iy in combat . 8~

Summary

The Ic -cc . cc-ac- c fa - ton-ic- aspect  of rad ar op e ra tio n  ic-

m a xim i z e - i  in ldce :narl—mttchifle equation when us Ing  a LOFR sys—

t - : - c c -~ T h is  it  due primarily to the LOFR ’s heavy reliance on

- d t ! d C c - a i d a .- 1 o porl Or - c - c c tic-ic- tena1Otacc c a c ci-can I~: c :  of sur -vc -  illance

v - urea. kLIcruc - c - c -st -c c - c - -i0 1-O5 - : fl- ’SVc-  by on tcc uc- operator for : cbs

~ur~acLLoi . The i - - c - c u l t  in  t h a t  t ac a c - -  LO:’h j c - c  sign i f i can t ly

a - c - c c :  J a r  t o  opera te  an ’: ? ‘c- f l O c S t  ac-s c-cuc~c c  ic’ , :c s c opc- ra t o r -  ftP ig-ue .

t : - }- : n -qu e n t l y  - Sr -nc -  b c - - t t o r  operator  aCcc c -t a bi l c it y  c - t n t

ac- 0fl - t h u a r n  in c - c a t  ; a - r d a a r t a a l a c e  I l i a c - h  itS c t u c ’Ji c c - a u n t  -rpart . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A —~~~~~~~~



—
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- t1~~~~. a  1 -ai - a a a a c t c - r , c-nc- L0FF~ cc -cy c - ar bc -c- nw~~ fed a 3X

atc f n , valu,a al at 5 c o m Ic - a t .

‘-~c’asure of E f fc ’c t i ve r c c  c-c-

The cane  wi th .  W i c - I C i d  a soldier  is trained to be- a

qual i f ied  operator  of a pa r t i cu l a r  sy s t em .  This MOE a f a hr c -n s on

the r equ i s i tc-  c- k i l l s  of a candidate  opera to r  as wa-li c-In the

c-o scn a l i z e d  t r c - c in c -L nc-l and prac t i  c a b  e:-:f - c-r i e : a ce  r equ ire- . .  to

a S (adLZCc- an e c-iS ’ec t ive  c--era -c -or .

, c j c - c , c 5 c c - i o n  -

In this parameter cit e key discriminator is simplicit r- :

sirc-r-lic±ty of operation ; :irapbicity in the methodology of

d c c  b in-c-- - , a tar- ie t ; and simp l i c i ty  in the means of m a i nt aP u in g

-e~~ 1 ’ a c -  c- -forhnance .

With c- inc exception of that  A::/hh.S—~~, formal ci c-c- c-ci school

I c - a c -  I a , compi, im c i at e d  w~~th ex t en s iv e  f ie ld  ex p er i en c -  a) ac-cc-

rc-equ trea d to b u ’o-sls c a pro ficient c i i i -~P on ea at o r .  Ti-ct s icc ~c - c —

‘~c - o L u n c i  ic-c en s -  - c nc - c L al to  c i c v a - b o p  the ccci 11cc requl  red to urn

n i the  t c:c o~~c- ’at iona1 Cfl5 ’ cC Pc -c  L a t  ion , s-erfo t’c c the

c c c: la c or _ cc : 1cc-ti c 
- 

-U ic - c - c ive- c-rdj : Ic- c ( c t n c : cnt s  , and provide ’  a st r ’o n ct  - r O  Ic c-c

r c-cc- n o f C’X --a a ’i’b’ -i-cce cu-c- I cno c-ILc -ai,- ’c- upon wt cicc c t i r e - operate— i -  w il l

Cl nw 1-I a ten m~~cin , I c ou t i:  a - o - a - c at ional dec~ Si 01i c- : wre - ic - r i ,- i : c ’  c c  t at

h it :  a ,  ict ~~L t ’ , t icti . cc l l a ’Ct L O d i  O — c c -nyc c-t~~~a I - c 5 0  soldien- .- w i t cc ti-

cr ~a i c c t  I c e - c-i- ‘1t al a n : -  - c o l o n ’  .ac - i i l s  to l a n  1-Lt c - ’I- op e r a t e -  - c-cu-i

i a  ; ‘ ( - c j l l . - r t t i V  ~~ba’ i s t a  a ; d i c c a a o W - i’ a 001 a O H w c i c I a  c c c -  c i d s a c-

a i ’ h  0 -C - i -t L U I  at ( - : u . ;: l : \ ) C L, : i a  r U t . - ’ t c .  -

—‘-A ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -----,---- --‘——-- — - - - - - -——---- - -.-_
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The s i c - c n h i c i y of  bO:c-c~l oporatci o a l l ows  tic-c c c - O l a tC tJ,O I a

0 1  -~ t l a t W r 1c- c-n-c - c-i l a - c - e i  sobnior to  be s -c op-castor c- cccJ reqi lt a.

b e -c - c - :  t i : a c to U - c - i c - u  c c - b u c -  to 01- a n - c - t O  cc- c - : C c - t  e ilh ec i ve l -j  . -~ - a a t o n t c c - I

tic some c-~’c-ca:c-ir a c- cc fr -oLi c ai were -c-ac-P ly arc-- - c - c a b - c - c a n e  i c - a -  L y c - c c-c n ec - c- t o

on e-r a t e  tao c-cOst cocc i c- 1cc-c L-C,kh. pr- ~ - n is ic-nc tlc~~~I t W O  lc-ee-Hat

he-cc-use of the ~~~~i~ ’ s re la t ive ly  sImple opcratlonai piocca~ares,

store people wi t h  lower- s k Il l  levels can be trained to operate

this  t ype of cc -c- s te rn . The U.S . Army has f ie lded a b c I ~ ru ly

r e l iable, sho :— t range , fo l iage  pene t r a t ion  radac- - c l c -t e c t o r

i-c- h i c - tn reqcirea: be-c at than one hour of I c r - c - m m - c -  to t ranatdo c-na ar-c-

c - a v O~ 5 ‘ a U c fa cnt rycarc 1ii tc , a a~ ca::cli flea o a-r-a l ~~~~~~~~~~~ Ac - ia Lt i o n al l y

c-n c -cO ~~~~a c -~ c-I c co 0 C t  a t  - n - : he c:ao, c Ic c orni al ex  c - m~ rla ‘fl ec- i ts  Lion a) f c-fl

- ~cri uobo g  ‘ S taP- c c-nat  tao :- cc - appear--n to he no n-eq~~ireracc--rcI. i i)

~ pa cr c ia1 s~~il ls  in or-cc-cr to P- - c-’ s ou icien t  in ti~at ar c-i -c-c-c--

bar c-a -u a ’n o. rat ios. 
0 Tin e co c-on:cPIc -v of c u r rc c - it  ~~~~~

t e c h n ology  peami Us  c e - v -loper-s to ic-cc-cot-nor-ate in t o acp new

c c  - a t t a c -f lj  all c-note a d v a nt a ge s  of provi o s-b y f i e l de d  im:-ala.-ucrerc - - t~ a—

tic-nat .

Ta,c LO1c-1 sys tem C’ X c - ult a- Icc - a i c c a r a c n - c . n ccerion’i ty over

i t t ;  hi PH c o a n t o a - - - a c - c c - c - - c -  . -- bc -c tc - --c-t cuatl ation of  . : ‘u a b a - _ - o f — c- 

b-c- - nnobo - ,-y c- c-ito a ra c- ic-c. ac-va i~ cc ic a c q uis i t i o n  (1cc -vt Ce n: r c - c S O I a —

st - a t n - c - c  a ca~- c - c c c i l i  by  to  i i- .c- ; o n  c - c at i a l  radar o~~- n c - i t o :- ’

- a d  ii~ c- c L I t U a i e , nc~~i tc,icy t c c  r-a. ccn,i r e a b I at tia~~n lu ic :c  - c c ’ 51~

a : I L C C t i V a . - L i c e - of t . c - -  egu  I l L .

- -- —- -~~~~ --  - - -  --- -- - -~~~~~~~~~~~ -a . : - - -



For c-his parameter ic -c-no LOFR Sycttc-ITa is c-c-warded a 3X

nat inc - valued at 3 points.

NA,INTPIUMICE

i4e~c c - cc - c rcc - of E f f ec tiv e n e s s

The ease :-iitic- wc ich a nyc- tecr~ can be repaired. In

a d d i t i o n  to mean t ime  to repair (MTTR ) considerations, t his

MOE also addresses repairman skill levels and the time and

c-ffuct he muc-c t expend isolating radar faults.

- it c- c - c c- c - cc -ion

Ti~c-c-s is a difficult c- ar-arc-cuter to evaluate 0cc-arc-ne e-

ti C’ ~c ; c - u t c -~~y ac-cta available on ~~ Jc~R systems . Altlio - c - ’ bc - a

~ t r L c t  Con _ -c-cr c-c_nor C nr ot  be legi t imate ly  made , the l imi ted

Pt ca avablable c -n e c -n c - i t s  an s o r e-nab  V alid  extrapolations to

f or  c-n a oasis o L’ c u m p a; -c L s o n.  One may reasonably coricluoc- tn.cn c-

~-ic- Aii/Pc--P— -,A as- - Af ’i f f— 5 3  wc-i i  -c - on c-~~ruc-crc- as the Acc-iccy ’ cc-

cc-- t cc-crcd c - r r -  c - i  medium aic-c-Q iOfl, r-arr ~~c- groun c-t cc-crvec-lbarc --c-e I-c-c-c-iS: S

i c- P . O  t l a c -  for -ese a ab l -  fc - c -tc - ,c-ac- . hrt3 is 1r -e ic c caIn-- i on b l i e  Tco

PaSt  there is no C O I . a c - O  t O r i  O 1a  Oiflf a a & ,  prop- n-c .  c-n ‘c- li e A: c -

- illto r c : r . L e - c e them.

H Tfc ’ I~ - tc - C- fl ac-J to i-c a- u rc-ir -liabla.a dc-n-c c I Ice trac t fact all

hc-iva. ~ n j o tr d c-c-i c- Pati vc-ly noc-’rcai cc - V O lO  c-c r c - a l l  c cycla - c-c-n -i i c c-V a

en in I lit- ii a a t  -n tory c-or cc- -vac-ral t e n - c r - c - .  ‘ C c - cc - -n - a c i t  sc - ce - c-

c - c - c - c -c ic-c-a ~~ 
- 

fr y c c - n r c -  ges a- a n r o x i : u a tQ ly  60 s a c -- i - c e nt , fan’ 1- c-low 1. cc

(-I
-A r 1 a c ~~ L i ’ a J  c o-il of ~~~ i a c - rcentc p Too o I t c - a - f l  I c - I ,  ( - c c c i c - c - - c~~tr c

i a ~- c j l ;  re dic -  c-ac cc- c- p fl oc l- ic-vol calibra Iocc or r i -ac -c - in - c - i f t e r  

— ————~~~~~~~~~ —-~~~~~~~~~~ ---~~~~ —--- --
~~~~~~~~~~ ---- —---------— - - - - - - - - - - - ~~~~~~~- - -‘—‘—---— - - -~~ -
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- a . J  i- t c - c c c - c - Lc rc l 1 c - ’  t r-5fl- - - ~u - ( , c - c  or- ac-ni - Jo c~ _
~~a sly ±r c-icc- fl-c- iai .~~~~~

at u n — c u cc-c UL l y ic e-Sic -rn Pc-c-- .c--~ c n - c -  I. c-. evacuac-c-af to  a i-c- -cc-Jr

‘c-cc 111 Ic c - c -, n - e n la i t ic iac- c n ic-he b c -  at of tfat c-c-- a t f c c - - c - -  s~ c-- i c-- l u

;- c - - r -j~~~d . - of  t c - a c - i a c - c -.~~~~ ~~~o L i c - i -  h c c - t~~n -~ - P c - h  fl c - cc - c- c-r a c - t  ‘c-e t-

c-c- -;c~Lcc-P sLy a: se c - cc - c -c - c - i c-is tr co s-c c--c- c - i --c of tire ‘PP- i— rt s~cs-
.

Pc -nc , cc-u mane-:~vc-r coc n-cc-c- or- ’ s c-cn -c -  source of raccar m cciii —
c-c -cc cIci ta. A b c-n--- - , e- number oi trssc- sets , converted from c-hc-

Ak/ P i c - t i _ 5  to the Ak/PPt~- A cocP c-rstion, are now a c- cc c- oaclc-±n

c-a cc- c-c-i-- c - or c - c r - the 10 f(c-c-1r~ S c-ac- mark . Tcio na tu ra l  d et e r i or a tio n

c - I c - c e - to long a c - c - cc - -, cnvci ’onlc- ac - c tai decay , an, fr-equ c- n t  c - c- c-rd at is

c--c ‘inc-ic -cc-t to plc - c - c - c - a - Inca- - -c- .~ in 1:-sc- ac - cc - f l  O c - a  Stfl aireac-y c-c-.c turc- t c- ac-c-c-

ci c-c-Lcctenance c - c - n - b  ic - c-p c- nc -n  -c-cats cc-c-Zjc-c-)ly at yc-ta ?ica. UacaiC c tic - c c c - r c -

c i r - c ur a c st an c es , the c-c c-c- r cuat ionc -  c aic ocfL y get worse. Aic -cc--thrc -r-

c-n-oblem is tha t fcc ’ -; nc- c- sI c - -c- can be accomp l lshod at a c - c - cc - t I c - a l

Ito . de~c-air ce - c c - c - c ~r - - . a h1a I1ü~/ c-c-Piled -epainccan ~u’-l C-f : -- )
ho requisi e tools , Sect : nc- qc-nn-ai:ieiat, ac-n - c-c-c- c c - i  - a P I -  - “ cia-c-cc ”

c-cr - -a in c--a r c - I cc - c tic-ac- Tac--ity c - o s c c-n-c- c-- ac- c -- C n - r Cf l e r~ , tr-oublc-cPc-ooc-inc

- - - - -
u -cc- , - c c c  n-o- c- cc - .c aCCo:c-cc-jc-ic Ic-ec :

~ rra i jV~~- c c - c - c - c -1 ce - c- ct - c- c--ult ;: ac -f  bOPic- ‘ .- s’s - c - c - c - Icon-s U cc -a 1.,

tO 5r~~ c- c - 5 e 5S S i c - i c - i  - ‘ lct ty src a~ c-c-c- c - i i~~ i lity c - c - -t at (c-v-a-

- a ~~ pen u-c - c l ) Sc ovo O c-cc-Hl~~/ 5Cc-c-C ~c-Oe atta c- c ar ’nc - . - ‘  Tactc- al

~ ‘-n l cna-oc --tat bon aria cc- c- c -- c -c - ~1 l i e -lu c-ct-aP~~flg - c ccni: ce to.: , rn , a c  I d

co ’ r~- c:c - n Sec tie- - a ~~: to  c - a r - c- cep eac r , P e c c  0:~ i e - I a t ~~ Yat c - u P

l:o :‘au r ecn ;cra c ’c- con. - c - c - - ,c  r - l c ,’ c-Icr i ’c - ecc - i i c c- x~ - c - i t t

c-c - I
c-c le a n  c - c d  e c - ’X t aj ’,a ci cnrcrc ca ac n - a t  .-- e r-c-’~~c e t i -  OP A~ I

- c/ i l -c . t .Pc t, a c - i - c - i t ,  I c -  S . c  a c - c - I  ( r , ’ l c - l c - - i .  

-~~~~~~~~~~~~~~~ -
- ‘ - -- - -
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ide -- c - ti T i c - c ‘c - c - c ity set operatLorc or- cc a rcprn - c - c - c - P~ . Thc- nc -xi .

L a  c-ac -I ( ) L  c . a c - c - r a i  -c - cc - ic c - c-c corisistc-n of cts cc- c- c - ; arc n:c - -~ C t i o i ii c  c - u c - t  ne- a.

occ - rc -ct ec -c-icl icc -hed test points built into tic-cc- radar- to detoc -:c-Ine ,

in de t ail , L a n e  t aulty cocc-c:-orcer :t of t i c - c - c -  cc-ut. ThIs t e c - : net  is

sc-bc -cc-c-c- Ice to 0pCc~c-Lt t- and closely ac- c-cu -- cbiecc- ti c - c - “tube t € - c - t c - -: s”

on- fin-c-is in local drugstoi-e-s. fince that system is sec-sic-pied

on the c i r c u i t  board conc ept , the faulty board can ic- a’ r-c-c -lc-n-cc~c

ot t ic - a- c -n o t c--i - t h  a crorvci acac --c-b ie one taken from the repair-cc-c-an’s

3. H c - c - c c - - c - S  i c - a c . T h e  c- c c-c t c-i c-: back c- I n operation in a very

I t i c - n -  - c-/ - c - c - i O U  I. c-raving to Dac- r cc - sa c - Jcie c :aatL c- -c - ., evacuated to t i c -ac-

r e  - - 
-
, c - c - a -  / n i i I ) c c a / c - c - L ( ( c a  L l y c - c -~ c-ur~rc - - c -- c c-co I n c  uati cc -c- unit Pa. c-cc- ~~- —

( - c  I ab c - i c c -  ; r € : at ~~y cLrc-CS- - ic-LSe cc a LC)ic-rc’ cc- a v c - c - i c - c t l l i t y  i~ac- c - a- .

at j  Ic - a  I laic-- c -ic tnocc is ( c - c - ln -r - e - c - :  c - i  : ~ c-c-’ac- to c--ac-c-a c-Icr- ta-c- tical FIVI rciecie~

a : ,  has ~-ron - crc i ci c -g t ly  cc-cue c ac - :: c - - c-il in r-ec-ccbucing -c-ownt c-i-

- r c c c - - r o v i n c -  c - -C1u i j a : l c - r -nI arc-- l i a b i l i t y .

~iPi ic-LI

th e a - c - vac - ctc -: cc- cc - and c c - c e - I c c - c c -  c c -  oc - t i a c -  La0tdc- i c -c - ala

io l c c - u c -  fa c - a - , - f-c c- r c - c - - c - a t i U i  I c - a  t a l c - a c-S e a. -oc loteer wIts Ii idr  c ;- :—

La-icc - . c - i a n - j n  i c-c-c , easy, Ofl— tfl o— atc- ot repacirability of t ic- - i.e c - ’ c- c -

c- - c c a v i o a - - , f a c - at c , - x i i c-ciiSc - t 4 i i c - n - c t i O l  a c - c a - ’  ac -~~ c - i c - c - 1 1 a  L. f i c a

~~c - c - c: 1 -lc -~ a i a y c - r n - i  a - c c c i -  01 :‘t c c- c-c i c - ’  c-c-n -ic-ta P at t i c - a  i c - f l -  1 I O c - t I a c - C L _ V’

c - c  - c - i c -  r a , c - n  a c - a - c a ti c - in-a c-a : Ic - ia ’ A c c - : - j  to - a - c - -  a Jow -n -.- - ;~n iI ~~~~~~~~

- a - I a ; i a - t  - t c~ p’ -c Pci - ic - c- c- ’ c - - . ’ c - I i iSc-( j  c - , l 1 C l :0cc .

i”or - Ic - n I c - c  l a a a  ,c-c- .~ia c - c - c - - ’, tIc - c - ~~a c- . c y c c  i - i  - i c -  ~c w a c d  ~- 3  a

r - l c - I t r ; I  Va_ a P i c a l a t  a . O c l a t . c - . 

~~~~~~~~~~ - - -- - - -~~~~~~~~~~~~~ --~~~~~~~~~~~~~~~ ~~- - ~~~~~ -~~~~~~~~~~~ -~~~~~~~
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.IYSTEM CHARACTERISTICS SW’baAc- Y

Icc ts - cc category the LO~ ic - sy St t c -rc c- o u t pa  i - f o r - c - nc itc-c-

cc-iFS coun tecc - - c- c-a rt in every parameter- of comparison, its

c-c- Iv acc - c e-I c - a  L - c - 1 - rc-al d c - s i c - t n  provioc-at more c--ac-fined outputs to

cc- ac --tt er d a c -n t i f y  t a r g e t s .  c-tn I.. aJ V C c - a i  meticod of de-aiinc-- with

the environment significantly reduces false alarms. Its

simplic i ty  of operat ion fac ilit a t es operator  and repairman

training, increases the amoun t of t ime an individual can

operate the net , and reduces the re-quc-Icsite input Skill bevels

01’ b 0 t c -a . Since i t can be repaired i-ather easily on the sc-’ot ,

it mocc t importantly increases system availability to the

,r-moic vc--r comm ander. A sccc --nrc;ar-y of trc-ese r e s u l t s  is presented

In Ic -c -n c.- 1:1—3.

Table 3-3. Results of the Systom Characteristics Compar-iron

c-inca c-lVc-iUatiofl .

= - = =
1 

I c  j r ~~~~ PO INTo

____________________________________________ ______ 
A’dARDEI)

c c - C c - I ll ’Ic-P

—~~~~~ c - 0J ‘ ‘1; 4
- 1 i c - i c -  hCc ”l- c- HT c - c - i  a

c - c - I c - a c  AI c-c-c c -m c-I c - t i  - -
~ -- o

Ta _ a r c , - E - /a - c - a t i fi c al .01 6 —— X,c - X - 0

i c -- c c - c - arc F c - c - t o r  - 5 —— XXX 0

Tr-c-I c - a l  r a g  
- - 

- - XXX 0

M & i i  - I - - i cc -nc a - — — XXX 0 3

TOTAL I’ -- XXX 0 f
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PART FOUR -

c-~ ic- CA~- aThic-AT c- ON

Table c~~~c presents a recapitulation of results dec--ivc-- c

frorc tccc - - comparative analyses c-c-c-a ’ a-valua tions in Parts Two

and Three. In noth categories the performance of devIce-cc-

using LOFR technology was patently superior in kind and degree

t o those uc- :ing HIFR technology in each ic-c-stance of comparison .

tat-ic i_ - ’ a_ . Recapitulation of Results.

- 

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

_________________________ A ‘lARDED A hc-AR-r)E t

—- 
POINTS ~~~~~~~~ - 

______ ______

I
PAi d~ 1F- TER 111 hO HI hO

A c q u is i t i o n  C a p a b i l i t y  in:c-

Open Tec--r-a i ri 15 EVEN EVEN 0 0

Fol ia ted  ‘Fa:c --r-a ir~ 35 -- XXX -- 35
Du ilt- Ic- - A c - c - c-c- : 20 - —— XXX — —  20

a c c - c - a  110 c- ’r’ec-quency Inc- - —

ference -- XXX --

False Aj a r-c-ri i-~ c- te  
a 

- -  - -

Tarp-at ic - lent if icat c-o :m P -- XXX — -

Human Fac t ors - - XXX ——
Trc-ining 3 -- XXX -- 3
H a in t e r i a i a c a :  — —  XXX — —

L - TOTAL ~ C a ( t  - —  XX~_— 
- -

‘~‘ i - C . c N c - c - b c -a ) -  a Y  i c - c - A a’ O c -I- ’c - - c l - NO 1’

A io . C c i  -~~ i - - c - ; t i o~ c t o  c--c. ~~n c - c i c  iiIF’H c-cq - d - ~~lj t nec-

5 - c - i  a t . i  fi  cc -ri I y I c - f l c - a I O V a  - - c to - i ac-c c c - c -  cap ; ‘i -oa e  c c  c - i a ,- - t I u a c c  a . ’ of

-- ~~~~ — ---- --- - - - -- -- --- -~~~~~~~ -- -. k -



7 c

- 0- 1 - c - if LO f-t~ c-c- cc -vc - c -aC c -- ac - i eiucc-rocc-Ic innovat ion s were incor-porc-i1 en

_ i r i t o  - liEd ? dec  c - c - i l  I ii ac-c- c- c - c - a r- to t ic - icc question c-a c-c- no • ~~ t i c - a c - au c ;n

Icc -a - iIi r t cc -  c c y st  c - _ i  a c - e ve-loss-c-c wouic-c- oat greatly improved , it woulc-.

i t  i l l  I n - LOS c-i 1 c t s c u n t  c-nc -c not cc-cc -ac-ale of c - c - e t c-c I m p  targets

c - c - i c- c - r - S - c - i  ic-i [oliac-e.

OTHER SURVEILLANCE D E V I C E S

A cursory  inspect ion  of tic-c o t he r  groun d surveil lance

techniques availanle to the commander show c-hat none- offer

the  un ique  fba -x hle c a p a b i l i t y  of d e t e c tIn g  t ax -ge t s  immerse:.

ira fo l iage  to c-ri / appreciable ekc-ur ,t. s-otrc c- c - c - c - c- a - c - c - c-c rc-tensifyc- c-nc

nc-pa t vision c-ce-vices (N VP ’ s) arc-c Pocc - a _ c r -- c looicirc-c- infr~at~ec. 
-

sensors arc essentially DPI c-c c - p - c c - a r i a _ c - c - ct a l t c - o c , c - c~ c-c-t,h c

c-c-as a nominal fo l i age-  p e n e t r a t i o n  c a p a b i l i t y  if tic-~- taa-gn t is

“hot” enough to produce tic-c tcin: cc--rature c - c - c - n - I c - c - ct required for’

a c e t e c t I o c - c -  at tin- ranges involved,  H O W C V C c- , FLu -c- t e chno logy

i o e c - c  n e -n c - a c - c - ic - ~~f c - a - c  l rie nc - c - n t S o ic - c -t c - o n  so open t erra in  d o c t c - c -~c - , .~~~
c-

“ LFLIS j  de t e c tio n  techniques . • , ic-c-c-ni - now made i t  p c - asc - iblr ’

to provi-la- a thermal c-c-icc-gin1 - device which can give an

L c c - ; - r u -i t o rj  . . . a directly Vc - ir c- -c -- c - c - c ale ic-na-c’ of a SC a c - fl e- c - c,

com ic - t n  darkness. ”
101 It can do th i s, a i r y  or n i i c t , in a

comp l e t - c - - ly  I c -~c -c . c - c - ; c - c -~Ve r i a o c i a c -  wi Icc - o u t  a c - v a - c - - t i c - c - P c - p  i at a r-e - sence.

This  r ep i - e se nt c ’ t h e -  u l t i m at e  o ip c - e c t i v a ’ of all a t c - c c -’ V a ’ J  11 c c - c . -

dac- va- lopmen t , E k a ~ ’ capacit y to rel J c n ± y  a b v c - t a - c - ’~ - ì  p o t a  c c t i c t . a_ - - ne-c-cc--

c-;ithout t - e V c - - - t i i r a ; O t i a c - t cc O~~~ i ~ o . c- i t i on  i i i  L I - ’ ~~c - - O C ( ’ c - a t .

T~- c - stly , c - c t a , t t t c - - r a a b ’ a i  p c - c - a c - c - i l - c  .cuc ,cor’c ¼ UG:;) a )  n o t  0 I c - c - c -  c - a - t a r

4 ~ - - - --~~~~~~ --—— -- -  —~ - -__- ----------- --------— - -  -~~--- -- --- -~~~-- - - ‘
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m c - ,  some other - cu e dj um  to eat Lest tac- ’1. c- t n . UGS are cio t SU I t c - d

for -  f li siac  p r o c - l a - c c - -u t -v a c - - i l i a nco  b a t tle f  l o i n  - c--cccp lo~~cien t becou .~ e

of the si cn~c- r c c - q u i r en i  for in c : t c -n l l a t i o i c -, the  need to place them

ill t I l e -  c- c - c . a c -- .i o f  i n t e i- - e c c  t sc-f  C’:a en- -my iirc-ald ), a_c-ari as the i r  lack of

- . . - 104 -fle-xc - b c - i c c - y  ora c-c c - a c - c - :  ic-rh c-- ac - .  ~~~e e o r o , of all the dev~cen

polled , only the LXI’  - sy s t em o f c ’c--~~- c-c- c - c - c -c-c commander a viable,

a~~ aP - l c c -  ca~~c-c - h i 1 i c -y  o c - c - c - a c - t ic-ac - get s  masked i c -a y  foliage or man-

Ic-c-ado o b s t a c l es  iii c- Oluid combat situation.

_ _ _ _ _  
I 
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CHAPTER IV

CO ~JC LW310 ~~ AND RECOMMENDATIONS

CONCLUSION S

Based on the above discussions it is concluded that :

1. Thc LOFR system demonstrates a marked superiority

in kind and de~ roe over its HIFR counterpart to acquire

t argets of miliLai~y interest in foliated and built-up areas.

In open areas both systems perform equally well.

2. At present the ranging capabilities of HIFR sys-

tems are superior to those of comparable LOFR systems.

3. In open areas , the high mast and large antenna

of the LOFR system make i t  susceptible to enemy observation

and subsequently neutralization or avoidance.

4. The LIOFR system is much less v-ulneral4le to spurious

radio frequency interference than its HIFR counterpart.

5. Advanced electronic design permits the LOFR sys-

tem to better cope with and adjust to degrading external

environmental conditions, thus increasing its inherent

;icquisition capability.

6.  LOFR systems experience substantially fewer false

r larms than comparable }IIFR systems.

7. Operators using IJOFR systems are able to correctly

i dcjltifv targets at a rate of better than three to one

over their HIFR counterparts.
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fl. 1,OI’~ ~‘:~~~m:~ j’c-r’mit operator~: to discern false ,

~:purious t a r ,~e L n  moi q~i cI;iy and accurately in uncontrolled

~r~as than HIFR : ; y . ; L c ’ ns do.

9. LOFR systems enhance the human factors aspects

normally associated with tedious H F R  operation by concomitantly

reducing operator fatigue and increasing his productive work

span.

10. The LOFR system’s simplified method of operation

and repair reduces overall training requirements for operators

and repairmen. It expands the Army’s potential manpower pool

from which these personnel are drawn. It also facilitates the

integration of LOFR systems at maneuver levels comparable to

or lower than those of currently fielded HIFR systems.

11. HIFR systems are a standard item of equipment in

the Army inventory whereas there are no plans pending to

introduce a LOFR system into the Army inventory.

12. The foliage penetration LOFR system enables the

commander to better observe more of the battlefield than its

line-of-sight dependent HIFR counterpart.

13. The LOFR system provides the commander with the

preemptive opportunity to detect and engage hostile targets

in foliated or built-up areas before the enemy can bring its

direct fire weapons fires to bear on friendly formations.

14. Of the two systems considered , the L1OFR system

offers the best practical solution to optimizing the Army’s

ground surveillance radar capability.
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1~COMNL~NDATIONS

It is recommended that:

1. The U.S. Army reexamine its current position on

ground surveillance radar application by investigating the full

p o t e r] L c11 off ered by low frequenc~ radar technology.

2. The U.S. Army place its priority effort into

developing low frequency radar systems to enhance its future

battlt’field ground surveillance radar capability.
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