~AD=AQ43 739  ARMY COMMAND AND GENERAL STAFF COLL FORT LEAVENWORTH KANS F/G 17/9

LOW FREQUENCY RADAR SYSTEMS SHOULD REPLACE CURRENT HIGH FREQUEN==ETC (U)
JUN 77 P H LABAY

UNCLASSIFIED




" 1.0 e 2

I

2z s, poe

BT

=1l




FILE COPY?

REPORT DOCUMENTATION PAGE PR g B
‘-,}ﬁ‘mm‘l«\ 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
- 1 ,L \ —~

/ S U J iy

i Lo S E—————

C [ Student at the U,S. Army Command and

O UNCLASSIFIED i

SEC 4" TY CLASSIFICATION OF THIS PAGE (When Data Entered)

5, TYPE OF nepo"fyﬁmoo COVERED
LOW FREQUENCY RADAR SYSTEMS SHOULD REPLACEE Flnal }(ep-t -
‘4 HIGH FREQUENCY RADAR SYSTEMS ON THE BATTLE}R

FIELD TO QPTIMIZE THE ARMY!S GROUND ’b. PERFORMING ORG. REPORT NUMBER
SURVEILLANCE RADAR CAPA.BILITY. 4

7O AUTHOR(s)

LaB&;s,- Paul H. M.Au:rfﬁﬂ;.—vs*-
o Lt

8. CONTRACT OR GRANT NUMBER(s)

9. PERFORMING ORGANIZATION NAME AND ADDRESS - 10. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT NUMBERS

Leneral Staff College, Fort Leavenworth,
sas 66027

1. CONTROLLING OFFICE NAME AND ADDRESS ‘?- REPORT DA ?
U.S. Army Command and General Staff 10 Jund 3977
College, ATTN: ATSW-SE P

4. MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Office) 15. SECURITY CLASS. (of thie report)

H UNCLASSIFIED- i

7

' SCHEDULE e
bt 4
. DISTRIBUTION STATEMENT (of this Report)
P : ,
P Approved for public release; distribution unlimited. W,
e K
s ‘Qf‘
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report) A \*\.‘\"‘; C
O\
N

18. SUPPLEMENTARY NOTES

Master of Military Art and Science (MMAS). Thesis prepared at
CGSC in partial fulfillment of the Masters Program requirements,

U.S. Army Command and General Staff College, Fort Leavenworth,
66027

19. KEY WORDS (Continue on reverse side if necessary and identity by block number)

Ground Surveillance Radar; Line-of-Sight Radar; Foliage
Penetration Radar; Detection in a Foliated Environment;
Detection in Built-Up Areas

20. ABSTRACT (CTontinue en reverse side if neceesary and identify by block number)

“Current state-of-the-art technology provides the Army with two
distinct types of radar to accomplish the ground surveillance
mission. The first is a high frequency, line-of-sight system;
the second is a low frequency, foliage independent system. To
optimize its future ground surveillance radar capability, the
Army must, in light of monetary and manpower constraints, choose

that system which best fulfills its needs. 508 TOVOrse

Ve W73 eormon oF 1 wov 63 1s ossoLETE UNCLASSIFIED =y

e
" SECUMTY CLASSIFICATION OF THIS PAGE (Wien Date

<

o




UNCLASSIRIED !

SECURJTY CLASSIFICATION OF THIS PAGE(When Data Entered) ‘

20, This paper investigates the efficiacy of both systems toé
detect, acquire, and identify targets of military interest on ]
the battlefield. It addresses both the machine and man-machine/
human aspects of radar operation. The demonstrated capabilities
of both systems are compared and evaluated to determine which 3
system shows the greatest potential to optimize the Army's
ground surveillance radar capability. The study concludes that
low frequency radar systems are superior to currently fielded
high frequency radar systems, It further recommends that the
Army place priority effort into developing low frequency radar
systems for future ground use.

| X
| ¥

——




LOW FREQUENCY RADAR SYSTEMS SHOULD REPLACE
CURRENT HIGH FREQUENCY RADAR SYSTEMS ON

THE BATTLEFIELD TO OPTIMIZE THE ARMY'S

GROUND SURVEILLANCE RADAR CAPABILITY

ER :"/‘) .’)' 1"% "'\, ;'Y
{" * Llal ! :\ "
, Ca;;i‘éius Co




MASTER GF MILITARY ART AND SCIENCE

THESIS APPROVAL PAGE

Name of camdidate: Major Paul H.M, LaBay III
Title of thesis: Low frequency radar systems should replace current

high frequency radar systems on the battlefield to optimize the Amy's

e i

ground surveillance radar capability,
Approved by:
yer A /\‘741..1? , Research Advisor

dlﬂg s Member, Graduate Faculty

i it

E.R

, Member, Graduate Faculty

M@_ Member, Consulting Faculty

y P oA S
Accepted this day o 1977 W%@\ ,
Directar, Master of Mili: Art and Sciefee:—

The opinions and conclusions expressed herein are those of the

g individual student author and do not necessarily represent the views
of either the U,S. Ammy Command and General Staff College or any other
govermmental agency.




ABSTRACT

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 distinct types
of radar to accomplish the ground surveillance radar mission.,
The first is a high freqdency, line-of-sight system; the second
is a low frequency, foliage independent sy;tem. Because mone-
tary and manpower constraints will limit the types and numbers
of radar systems eventually deployed, the Army must choose that
system which best fulfills its ground surveillance radar needs.

This paper investigates the efficacy 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 developing low

frequency radar systems for future ground use.,
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CHAPTER I
INTRODUCTION TO THX PROBLEM
BACKG1.QUND

"The Army's primary objective is to win the land
battle-~to fight and win battles, large or small, against
whatever foe, wherever we may be sent to war."l The Army
must be capable of defeating an enemy whose offensive and
defensive doctrine stresses the maximum use of cover and con-
ccalment 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 superiority whenever the foe

3

presents himself." 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




"The key to a proper doctrine is the correct under-
standing of the elements of one's superiority and the ability

to apply them more rapidly than the opponent."7 Current

state-of=the-art technology provides two distinct types of
radar to accomplish the ground surveillance mission. The
first is a high frequency, unobstructed line-of-=sight 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.
‘h

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:

l. What are the demonstrated capabilities, limita-
tions, and vulnerabilities of each radar technology to detect
and locate targets of military interest?

2. Which radar system maximizes the man-machine
human factors equation?

’//,/ 3 Which radar system offers the best practical

solution to "seeing the battlefield?"




4, Which system deserves the Arimy's priority develop-
ment effort to enhance its future ground surveillance radar

capability?

METHODC OGY

Chapter I presents the background to the problem,
states the hypothesis, and delineates the questions addressed
to test the hypothesis. It also states the constraints and
parameters under which this study was conducted. Chapter II
presents a brief history of high and low frequency radar
development and provides a brief description of each system's
operational and design characteristics. Chapter III is a
comparative analysis and evaluation of both systems to perform
the combat surveillance mission on the battlefield. Chapter
IV draws conclusions from the above results and tenders
recommendations for future combat ground surveillance radar

development,

SCOPE

This study investigates the efficiency of high and
low frequency, moving target indicator ground surveillance
radar technologies to acquire targets of military interest on
the battlefield. The data base for this study is derived from
test reports, combat evaluations, technical manuals and
individual equipment performance reports on devices which are

representative of each technology. The comparisons, measures
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of effectiveness, and analysis use this same data base supple-
mented by the author's notes taken over a period of three years
testing fielded implementations of both technologies.

This study addresses each radar system within the
context of its primary mission: to detect, locate, and identify
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, but does pre=
sent qualitative information on the general operational

characteristics 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 built with approximately the same weight,




mobility, 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-air role which
exhibits the same ranging capabilities as the longest ranging
high frequency ground radar system.lo
3. EFEach system is operating at its full design

potential and that all operators are fully qualified on their

respective sets during the comparison discussion in Chapter III.
LIMITATIONS

Only unclassified data and documents available at the
U.S. Army Command and General 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 International Countermeasures Handbook are

applicable in this study.ll The following special definitions

of generally accepted terms also apply:




l. 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 that occur from the initial detection

of a target to the final operator determined identification

of the target by type and relative size.
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CHAPTER II

RADAR DEVELOPMENT AND DESIGN

PART ONE - H TORY
HIGH FREQUENCY RADAR DEVELOPMENT

Since its first tactical applications on the modern
battlefield, radar has played an important role in extending
the commander's ability to detect, locate, and track enemy
targets far beyond human limits. This advantage was most
aptly demonstrated in the early stages of the air war during
the Battle of Britain. The British early warning radar net-
work alerted the Air Defense Command well in advance of the
size and direction of the Nazi air attacks from the continent.
Given this advantage, the British were able to concentrate
their limited fighter forces at the critical place of battle
to defeat, deflect, or significantly degrade the attacker's
effectiveness. The radar network "multiplied severalfold the
effectiveness of our [British, limited force and lgave | the
enemy a bewildering misconception of its extent."2 Radar also
permitted the defenders to exercise highly flexible economy
of force tactics for they knew in which areas they could
reasonably take a prudent risk.3 Unfortunately our own
history provides a costly analog to the foregoing British

success. On 7 December 1941, U.S. military authorities




10
disregarded the early warnings of incoming aircraft from radar
picket stations deployed north of Pearl Harbor and we sub-
sequently paid an inordinately high price in men and materiél

N
i for that error. Accelerated development to extend this high

frequency radar (HIFR) surveillai._.e capability to the maneuver
commander terminated with the end of World War II.

Since 1945, a graph of U.S. HIFR research, development,
and acquisition activity closely resembles a large amplitude
sinusoidal wave. The high activity periods of the Korean and
Vietnam War contrast sharply with the neglible activity during
the intervening years of nonconflict. Throughout these transi-
tion periods the Army recognized the advantage of ground sur-
veillance radar and continued to develop HIFR systems for
maneuver force use within fiscal restraints. Development con-
centrated primarily on HIFR technology 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
equipments into more manageable packages adaptable to tactical
maneuver use. Changes in U.S. military strategy during the

early 1960's dictated a more balanced alignment between

6 ;
nuclear deterrent and credible ground deterrent forces. This
T situation pumped new interest into radar development and from

it evolved the current first line family of standard U.S. Army
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ground surveillance radar systems. At present, this family
consists of the AN/PPS-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 capabilities as the AN/PPS-9.8

LOW FREQUENCY RADAR DEVELOPMENT

As the level of combat intensity increased in Vietnam,
the main challenge at every echelon of command became "Find

2

the enemy." 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.lo The systems in use were not
doing the job. "Very early in the Vietnam War, U.S. forces
realized that finding the elusive enemy would tax intelligence
resources to the limit."ll The need for timely, accurate,
adequate, and useable information, especially at the maneuver
level, became critical if commanders were to be able to bring
their superior firepower and mobile manpower resources to bear
on the fleeting enemy.12

In response to this need DOD research and development
agencies in conjunction with the civilian scientific community
began to develop a wide range of surveillance devices to
extend and improve the ground commander's reconnaissance,

surveillance, and target acquisition capability in the

stringently limiting Vietnamese enviromnment. A plethora of
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variably effective prototype equipments were funnelled through

the Military Assistance Command Vietnam (MACV) Joint Research

13

and Test Agency for combat evaluation.

DOD programs, such as ENSURE and PROVOST,14 also

exploited new technologies which promised quantitative improve-
ments in the commander'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.l5 In May of 1968, the U.S. Army Elec-
tronics Command published the technical guidelines and radar
design characteristics for a man=portable foliage penetration
radar system.l6 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.l7 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.l8 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.
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PART TWO = SYSTEMS DESCRIPTION
HIFR TARGETING SEQUENCE

The HIFR is tactically emplaced on the best available
vantage point providing unobstructed line of sight (LOS) into
the area of interest.l9 Under direct operator control or in
a preset sector scan mode, the radar set incrementally sweeps
the selected area with a thin beam of radiated energy.zo In
effect, the radar electronically maps the area within this
narrow beamwidth out to its design range within LOS constraints
(Figure 2-1). The reflected returns of the transmitted
pulses from foliage and terrain, commonly called ground clutter,
are presented to the operator as bright areas on the visual
output (i.e., a scope) and as a low constant rumbling sound
on the aural output (i.e., a speaker or headset). When this
beam passes over a moving object of sufficient cross-sectional
area and radial velocity with respect to the radar, the set
automatically translates this difference in the mapped environ-
ment into a target indication. This is represented on the
scope as a bright spot or "blip" outside the shaded clutter
areas and on the headset as a distinctive change in the
doppler audio tone. Discerning this change, the operator
manipulates the set to place the beam directly on the target.

This is accomplished when he maximizes the visual and aural

target 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 constantly evaluating the visual and aural displays
to determine the type of target actected. Based on his best
Jjudgment and past experience, he makes a determination of
target type and its relative size. If this track is broken
for any reason, the operator must manually reinitiate search
of the area, reestablish contact with the target, and repeat
the target processing sequence.21 Target data reporting
procedures and alterations in the target search mode are
dictated by the tactical situation and the unit's standard

operating procedures.
HIFR DESIGN CHARACTERISTICS

Each HIFR system is LOS dependent requiring unobstruc-
ted view of the target to detect it. Any intervening terrain
or foliage feature which blocks LOS to the target will mask
the target from the radar.23

The inherent design of HIFR systems provides an
operator with the opportunity of detecting and processing
only one target at a time.

HIFR systems can best be characterized as operator
controlled radars. The operator is the key to effective
set operation.zu The set requires constant manual attention
and judgmental skills on the operator's part to successfully

4

complete a targeting processing sequence. The operator must
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devote his full attention to the system. He must periodically
make electronic adjustments to reduce interference and realign
the antenna to insure maximum LOS observation. Because of the
short amount of time a target is illumimated by the thin radar
beam, the operator must have quic.. reflexes to establish con=
tact with a possible target "blip," maintain continuous cone
tact once detected, and reestablish contact with a lost target.
Efforts to free the operator from some of this burden, such
as the installation of an automatic target alarm on the
AN/PPS=5A radar, have not proved satisfactory.25

HIFR electronic design, circuitry, and components
generally reflect the technology of the early 1960's. Because
their original design contains a balance in internal circuitry
these sets are not amenable to the addition of components
which disrupt this delicate internal balance or operate in a

2
different mode than that originally designed into the set.3
LOFR TARGETING SEQUENCE

The LOFR system is tactically emplaced in the same
manner as the HIFR except that the prime positioning considera-
tion is ground clutter instead of a combination of ground and

: 26 _
foliage clutter. The operator manually selects the areas
he wishes to search on the display using one available range
s : 7 $ W : 8
gate for each area of interest. He checks the internal

electronic working condition of the set with the built-in

test equipment (BITE) and activates the radar. The set

W
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automatically scans a 60 degree wide, 20 meter deep band of
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 within these rangc gates at better than 1,000
times a second. Stationary ground and foliage clutter 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 target direction with
respect to the radar. These alarms, tied to a specific range
gate, 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 output,
a translation of the target signal return down to human hear-
ing range, is similar to that found in HIFR systems. The
visual output is a scope and/or meter which measures relative
target signal return strength from the deployed range gate.

As the target progresses into the range gate (Figure 23,
position "A") the audio output changes in tone and pitch while
the meter readings increase in magnitude. When a target
reaches the middle of the range gate (Position "B") the meter
reading peaks and the target is physically located at the

range indicated on the display panel. The operator then
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Figure 2«3, LOFR Targeting Sequence.
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activates the azimuthal function of the set and determines

the relative bearing to the target. The reverse occurs as the
target travels out of the gate (Position "C"). From the dis-
tinctive audio doppler tone, the return signal magnitude, and
the speed with which 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 the appropriate direction from
the last contact position and waits for the target to reappear.
The target information reporting procedures described in the

HIFR target processing sequence are the same for this scenario.
LOFR DESIGN CHARACTERISTICS

LOFR systems are capable of detecting multiple targets

simultaneously. The number that can be detected simultaneously

a function of the number of independent range gates designed

into the system. Under present circumstances only one target
can be effectively processed at a time because of space
limitations of a single operator at the set. The most sophisti=
cated set fielded had the capability of detecting up to 96

: 28
targets independently and processing three simultaneously.
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In this paper, a LOFR set with two independent range gates
will be used in the subsequent discussion.

Although LOFR'!'s are capable of detecting targets
immersed in foliage they are not capable of detecting those
same targets located behind a gr..nd terrain mask, It is also
noted that any foliage the radar must penetrate reduces its
maximum effective range.29 For example, if a LOFR is capable
of detecting a target out to a range of 2 kilometers in a
moderately foliated area, it can only detect that same target
at 1,500 meters in a comparable densely foliated area.

Effective LOFR operation is a function of the target,
foliage, and antenna heights as well as the classic free air

-~

] Soty 3 30 : . ;
radar equation limitations. The only variable designers

ion is the antenna height,

ct

can influence to improve set opera
Therefore, LOFR!'s have characteristically high antenna masts
of 30 to 50 feet, Also LOFR'!'s should be employed in freont of
or at least 30 meters away from heavy foliage to eliminate
a large immediate foliage clutter roturn.bl If suitable
positions are available, such as a high promontory with steeply
falling away terrain, the LOFR can be positioned in the same
manner as an AN/PPS-5.

Although LOFR systems place a small burden on the
operator, the operator remains the Key to effective set
operation. The operator does not have to devote his full

attention to the set. LOFR's incorporate advanced design

circuitry such as balanced doppler signal processing to




utematically oplim.ne set operatiom in It an
ment. The set automatically adjusts toc T ey g &
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