|
Final Report — Volume 1 Covering the Period | September 1962 through 29 February 1964

RESEARCH ENGINEERING AND SUPPORT FOR TROPICAL COMMUNICATIONS

Prepared jor:

U.S. ARMY ELECTRONICS LABORATORIES CONTRACT DA-36-039-AMC-00040(E)
FORT MONMOUTH, NEW JERSEY ORDER NO. 5384-PM-63-91




{

{

- w%ﬂ&w TR D S Y

L3

e o

Fmdi qy ~-Molhnz & l Covering the Period I Septersber 1962 through 29 Februaty 1964

e

F ¢o2—31 Fs m

.RESEARCH ENGINEERING AND SUPPORT FOR TROPICAL COXKUNICATIONS . Velume. 1.

?’5
Prepared for: '
U.S..ARHY ELECTRONICS LABORATORIES _ COMTRAGTIDA.36-039-AMC-00040(E) VZ??FA
FORT MONMOUTH, NEW JERSEY ORDER NO.-5384-PM-8337 gr,,l y,a 14
PR&C NO. 64 ELN/D-8034
ARPA ORDER NO. 371
‘ (Zé)smwma
‘ Approved: D.R. SCHEUCH, EXECUTIVE DIRECTOR
| ELECTRONICS AND RADIO SCIENCES
. o -~ - L IIimimot o e
i‘ - -
%
i
;
- SPONSORED BY THE ADVANCED RESEARCH PROJECTS. AGENCY
i |
%
: - ‘ Copy No. .‘
(22 2.500)




C o ——— e e

) _ PARYIOUS PAGR VA3 BLANK, THEREFONE WAS NOT FIINED

PREFACE

fhis report summarizes work complsted and work under way during
the period 1 September 1962 through 28 February 1964»on-Sonteast

~DA=34=DB9-ANE~00040-t1Y . ) The effort duscribed in this report involves

1" ~;. \ an investigation of radic comminication problems of concern to Project

AGIIE.

‘e W
7

Owing to the joint working arrangements existing between Thailand
; 2 Ministry of Defense personnel, the U.S. Advanced Research Projects
314 ';}.;” Agency Fieid Unit, U.S. Army Electronics Laboratory personnel, and
e 9 ; i U.S. Axrmy Signal Radio Propagation Ageacy personnel, overlapping and
N joint working parties are assigned %o technical problems. An attenmpt
ha; been made in the report to properly give credit to the many organiza-

tions involved.
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I HISTOKICAL BACKGROUND

During World War 11, United States militaxy forces oparated exten~
sively in tropical areas, therehy gaining considerable prnctiéax experi-~
ence in communication problems in tropical forests and jungle areas.
Unfortunately, the pressure of military objectives limited sclentific
exploration into many of the specific prohlems that arose. Sizable gaps
in our knowledge of communicatior in qumibrial roegions remained. The
prosent-day interest of the United: States in assistiné and promoting the

development of netions in theése regions has revived interest in communi-

cation problems and capabilities there.

Under Project AGILE, the Advanced Research Projects Agency (ARPA)
of the United States Department of Defense has been conductiag various

programs that provide research and enginéering support to enhance the <

capabilities of friendly local forces in remote zreas of potential or
actual conflict and to benefit the United States through strengthening
those countries, deriving guidance for the conduct ot remote aArea opera-
tions, and determining requirements for related rosourch aud development.
Special emphasis has been given to the problems of communication in
southeast Asia, where this portion of AGILE has been identified as SEA
CORE, an acroaym for South Rast Asia Communioation Research Program.

The friendly and cooperative working arrangement existing betweon‘
Theiland snd the United States has. resulted in joint study of tropical
communication ; vruléms by staff members of the Thailend Ministry o2
Defense and agencies of the United States Government. Several years ago,
a Joint Thailandéwnited States agency called ‘he Combat nnd,Dovelop-nnt
Test Center (CDIC) w;, established to conduct raalistic tests of military
bardvare and to foster rasoarch on many subjects in & tropical environ-
ment. The cnm was staued by personnol from tihe Thailand Ministry of
Defense and fiom ARPA. Support was obtained from nany*additigynl Thai-
land and United States sgencies. Under ARPA guidance, the United States
Amiy Electronias laboratory (USAEL) undertook the support.of communication
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research in Thailand, Stanford Research Institute, under contract to
USAEL, has implemented the various inv.stigations concerning communica-
tions. In early 1964, the name of tha joint Thailand-United States

agency was changed to the Military Rusearch and Development Center (MRDC)Y
to hetter describe the function of thée organization, -

* Except in direct quotation, current nomenclsture is used in the follow-
ing sections of this report.
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IX FAGILITIES

A. lntroduction

Early in the SEA CORE program it was contempisted that an elec-
tronics laboratory would be established in Thailapd as soon as practicable,
with a staff conducting research Jointly with Thai personnel. Office
space, necessary storage, and housekeeping services were to be provided,
and & van-mountéd C-2 vertical-incidence ionosonde was £6 be coliocated
with the leboratory by the U.S. Army Signal Radio Propggation Agency
(USASRPA). It was anticipated that the laboratory proper could best
be configured in vans fabricated and equipped in the United States and

then shipped for 1mmediate emplacement and operation.

Considarations of availability, reliability, stabillty, and price
indicated that it would be advisable to~fugnish'ag,indepeﬂden3\pgwere
generating capability, at least for the iaboratory and sounder. Trans-
portable van and power-genératiuz capibilities also seemed desirable to
pernmit field experimentation rcmote from the laboratory. It was antic-
ipated that suitable office and storage space with contiguous land area
for the laboratory, antennas, C-2 lonosoade, and power generators could

be leased in or near Bangkok.

B. Site Preparation

In December 1962, a field site survey was conducted for the purpose
of locating a suitable site near Bangkok for an oloctronici laboratory
and support activities. Mr. W. R. Vincent of SRI and Mr. Howard Kitts
of USAEL participated in the survey.- Msjor John Kranz, the onsité repre-
sentative of USAEL, assisted in liaison with the Thailsnd Ministry of
Defence, the ARPA Thailahd Contingent, and required‘local business organ~
izations. The” Jansky & Bailey Corporation had undortakon a survey of
Thniland for remote propagation test sito:, for & oonp.nion program
under the direction-cf ARPA and USABL, Their -experisence and krowledge

of Thailand were helpful and minimized tho work required for the SRI
SUXVeY. A suitable location was selected near the northern edge of

3
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Bangkok, where a three-=story Chinese~style store building existed and

.

adequate rice-paddy land was available. ’ L

An advance party of SRI personnel arrived in Thailand in February
1983 to complete lemse arrangements and start site preparations. Since A
a rice paddy is flooded in the couise of & yenr, i% was necessary to
place rock fill in part of the arpa to creamte an elexatéd surface to
rpceive‘the van compiéx-and furajsh wprkinz 8r ce. Concrste pads and
iﬁundutions were required for the laboratory and sounder vans, the ‘sounder
tneenna; and the power building. Rock f£ill and topping were also fe*
quired to imprové‘gnd create roéd and parking aress. The‘power building
and shelters for Thai guards end drivers were conytxuctgd in thy form ol
sheds. The power buillding includes space for a small shop and storage
of mechanical equipment. Support equipment and diesel'gpnefdtors to
furnish 60-cps power to the Vap complex wers received duriug February,

and the generators wers installed after completion of the powsr building. -

Wood poles were set in the rice paddy for sntennés, snd & caiwalk was
constructed tOvéiye access whew the nHaddy is flcoded. The van area with
laboratory, power building, mobile shelters, and a wire tgr?e;can'be
seen in Fig. 1. .

The building for offices, which can be sesn in the distance in
Fig. 1 and in a closer view in Fig. 2, had origindlly been cénstructed
in the form of five adjoining three-story modiles, with solid walls
between and separate staircases in each module. It was n‘éét:&r& to open
doorways between the modules--to give free access throughout sach tlobr--
and to floor over the stairways in each of the-tarse contrnl nodulos.
Other work was also required, including finishing, wiring, lighting, air
conditiouing, and plumbing.* The upper floors are now occupied by
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* In Thailand it is normal business practice ior the lessee to make
nécessary chianges in buildings and property to meet hixz nceds. ‘Hence
tHe construction and installation work was doiie. through contracts with
the United Btates Navy Officer in charge of Construction, Southeast
Asin (loosdly known as OICC) and with local contrtctorl.zal‘woll *s
by SRI perscanel, -
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offices; one grounli~floor module is used for reception; and the remainder
ol the ground flpqr provides air-conditioned étorag,e of electronic parts
and equipment. Electric power, 50 cps, is furnished from the Bangkok
distribution system. ‘

In addition to site preparation in ﬁBangk,ok; arrangements were made
to establish a remote communication testing ares about 275 miles south-
south-west of Bax;ékok, near Bang Sgphaﬁ. Some shelter was already avail-
able there (a hunting lodge owned by a Bangkok businessmaii); this was
improved to serve as a hoadduﬁriers. Several temporsry test buts were
mﬁétmqteds cf locally available miterisls, over a 23-mile span Withi n

~

-1 heé.viiy ’fo_i-:ested ares. A typical hut is shown in Fig. 3.

C. MRDC Electronics Laboratory

Siﬁaitgneously with i:;i_p site survey, plans wore made &t SRI-Menlo
Park for the laboratory -configuration, laboratory test ﬁuipnnt, and
auxiliary equipment. The ;gbdratory proper was designed to take the
form of three sir-conditioned vans "connected in the form of a tee, as
ghown in Fig. 4. Four field shelters transportsble by 2-1/2-ton truck
were also provided. The air-conditioned field sheiters were @ipped
with work benches, relay racks, and storage c@biuets. An estimated one-
year supp;y of electronic parts and supplies was specified. Owing to
the extensive construction and procurement of equipment requj.red_ to pro-
duce the Ig.boz‘jgts:.@g facility, the USAEL cbntx"acted vith the Electronics
Defense Inborﬂ“csry <EDL) of Sylvania Electric Products to accompiish
this task. Thics separate shipments were made from EDL to Thailand,
including: ‘

(1) T-van laboratory complex

(2) Power-generating equipment

(3) Test equipment and supplies

(4) Porteble shelters for field operation.

Three views of the laboratory interior are shown in Fig. 5. The trans-
portsble fiéld shelters can be seen in Fig., 6, The lg‘tgontory units,
mobile test shelters, test equipment, power gonentors/,'g-md other




FIG. 3 PHOTOGRAPH OF A TEST HUT

() R,
. . ’ A
« > ‘ ¢ T
> kY
e o v
< « R % -
| . s ~ N
% 4 Il
. ¢ N .




. T "
u L]
o
. \ ~
~ . - } ; (-] v
_ | 3
. ‘ | ’ m ’ , W‘ ‘ N §
%3 « . ol “‘.\. o - W
Yy : ’ , , !
. & 3 4
. g -1 o. i
. \‘ R - R “. ~ ”
1 - - T }
L 1 - , i
L | n : m | < T *»
© N ' M . ﬁ
| " :
. K A d .O M
PNy N ﬂ M |
: u 4
x |
o | R m
7 3 .
- {
] 5| & WA
’ i
. , - . . X
158
b
» L3
T e T e e L
v, . . N ¢ .o ,u - “



FIG.6 MRDC LABORATORY COMPLEX AND C-2 IONOSPHERE
SOUNDER BUILDING
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- materiel were shipped overseas by air and water during the period February
through May 18863 and wu installed as they o rived,

Durlug the :lnitj.tl poriod of 4the contiact, arrangements had been
mde hetwesn ARPA, ‘USAEL, and USABRPA to send a C~Z vertical-incidsnce
sounder ‘to Bangkok. The USASRPA put into excellent coud:ltion * van=
hourad C~2 "sd\iﬁ'dor, :hippod the sounder to 'rhanmd, aund provided two
eulisted men to operate the soundor gnd to acule aata. Prior to the
arrival of the sounder van, a small area was filled; a concrete pad vas
provided for the van; & base énd suitable guy anchors were constructed
for the sounder antonnr ‘nd the antenns tower wag erocted. Close coor-
dination mng thosa conccrned resulted -in the 0-2 baeouinz operaticnal
very soon after :l.ts arrival.

Atter port:lons of the main buildinc had been made habitable in the
early spring of 1863, some lab: “atory activitias wers started. The
building, laboratory facilities, and outside vm'k wers coupletod during
the aui-or of 19633 a full schedule of laboratory activ:lty was then ini~
tiatod. The Electrouics laboratory was dedicated in formal openinz
ceremonies on 4 October 1963. The remarks at the opening cprenouies by
Major General Singchai Menasuta, now Comménding General, MRDC, and by
MNr. Tho-u Brundage, Director, ARPA/RDW-~T, lnd the response by Air
Chief Marshal Dawee Chullasapya, Chief of Sta:t,, Supreme COl-and, are
reproduced in Appendix A.

The major laboratory equipment proyidqd is listed in Appendix B,
including Go*nrﬁuent-‘-turnished equipment and other equipment added sub-

sequently.
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III ‘WORX ACCOMPLISHED DURING THE RIPOR‘I‘IN PIRIOD--TASK I '

A. Introduction

The operations analysis effort during the period co@cr_:éd" by this
report included some investigation of relevant !actornl, including Thai
spesch implications, but was largely devoted to plénuing cf work aud
preparation of material to be submitted for the approval of higher Thal
authorities. This effort was essentially complete when imstiuctions
were received to revise the task and -subtask state&aﬁt‘s that ‘had been
prepared. The revisions required dwelt more on -omphasis i‘nd\nodo of
presentation than on substance, and, accordingly, the itgrﬁtl”proviéuily
prepared is presented in this report. It remains largely indicative
of the approach to be followed.

At the beginning of the projsct in September, 1962, it was planned
that the initial operations analysis effort would be on the order of
one to orie-and-one-half men. In November, 1962, the projéct principals
decided that the operations anaiysis effort should be minirsl and largely
held in abcytnce until completion of the Il.ctmnicn lnbontory. 00-
mencing in February, 1963, some work was begun to gather bcck:rouud
dats (upproxintoly three man-months of effort were oxpondod)f, while
commencing in March approximately three man-months were devoted to the
question of the implications of Thai speech in regard to communiocations
int-lligibility. In May, two staff sembers were sent to Thailand for a
SEATO maneuver. Approximately three man-months were expended. Work
again became minimal until late September, 1964, when a project tesm of
five operations analysts was desiguated. The team members made ssveral -
field trips and undertook bibliographic (i"ésehrch for background :l;ufox;-
mation, preparatory to transfer to Bangkok. They arrived in Thailand
in November and December of 1963. The months of December, 1963 through |

‘Pebruary, 1964 were devoted to preparation of a program plg_n to be sub-

mitted for higher-level approval.
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B. Obljoctivc:

. Communications-orienteud opérations resesrch in accordance with
guidance ‘and the Technical Guidelines of July 1962 (as modified by
agresment at the time of exocueio‘n of the contract) is required by the
follnwing statement ot 'ruk I objectives.

"This task has for its major objective the survey analysis
and evaluation of the capmcity reliability and limitations
‘ ) of existing indigenous military commnications in the. geo-
S graphic area of interest to the CORC,* t6 include such re~
S lated capabilities for communications as are considerad
) appropriate by the Director ¢f CORC.. . Another objective
< of this task is to carry out special assignmeuts related
’ to those above. -Special attention shall be given to pro-
viding short-term fesdout of solutions to the above probleu,
ie., qu:l.ck-ﬁxu v

)
g e

While the program objectives of Task I have been variously stated:
SR in the references cited, they may he generalized and ruﬁ:uio& 13 tqfi‘!,byl::

< (1) Determine the requirements for communications capabilities
to - permit effective counterinsurgincy operations by Thai
forces.

(2) Compare the comminlcations capabilities that are available
or planned with those required, to determine what additional
capabiutieg».ue required. )

T (3) Provide the design and analysis for field omrimtation,
‘lnto‘ru’tlng, the data from Task II, that will demonstrate
in the operational environwent the effectiveness of defined
- capabilities and establish operatiomal requirements for
RDT&E programs..

T

For completeness, the comminications assessment and deteniuti_.on'

1 : of requirements must include those co—;uni@tions required in support of

the command and control functions from the Supreme Commander, down

--  through the various command echelons of the military and paramilitary
torao;; .to the remotest outposts and horder patrols. lloreover, the sup-
port of military command control at all echeloas nut bo-onvisa.aod during
various levels of conflict, -to includs enemy infiltration, subversion,
pcniwﬂrnis’tnci. susrrille action, and insurgedcy on increasing scales;

T ;N
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attacks by irregular external forces; snd invasion and/or aggression by
organized unitormed enemy forces (i.e., conventionkl warfare).

”

C. Over=All Method of Approach
1. General . o =
In this research program, operations analysis is to be conductad "

in concort with the associated technical investigations of Task II.

This will assure the proof of concepts; techniques, and materisl in

field expefiments, from which communication requirements can be derived.

In the following pages, the Task I effort is described in terms of sub-

task program elemeuts. The work to be performed can bé categorized as

follows.
() Ogentir.mal Environment

This will consist of:

(a) Studies to determine the operational factors attoct:lng
communications within the various eénvironmeénts in Thai land.
‘Later extension of these studies may be made to cover

i, Southeast Asia.

('b)) Study of the interrelationship of the four main factors
of the environment--i.e., political, military, economic,
and socicoultural,” with initial efforts directed to-
village and -district level envirouments,

(2) Capability Aualysis
This c;teéory will include:

(a) Analyses of comminications capabilities and techaiques
on & system basis, to assess such factors as thelir
;touibinty, costs/time characteristics, patrformance
within operational constraints, and over-all effectiveness

(b) Analysis of component and functional relationships of
the systems in the context of their operational use

(c) Examfization and assésgment of performance speciftications

(d) Isolation of the time delays inherent in cossmuniuvations
opsritions in parametric values related to mission accom~
plishments, operational tactics, and counterinsurgency
tochniqms.

* Maximum use will be made of data and results from other associated and
related operationa analysis efforts at MRDC-ARPA/RDIU-T much as m, ste.
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i
- !ﬁ . (3) Cogpurttive Research
e Inc].uded here will be:

(a) Selectlon of aspects of the oporationnl environment that
prove significant for the- evaluation, and investigation : .
related o pertin¢ t environmental conditions in Thailand:
(extended to Southeast Asia at a later date), where insur~
gent operations have occurred or may occur .

-f '3- ' R (b) Determinstion of the operational environnentil'ditterénces,
' ’ if any, that might be expected to alter the conclusions
reached in the initial svaiuations

(c) An attempt to construct & generalized model applicable to
,thg different environmental situatious.

» x
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(4) Experimental Design and Analysis

‘TheAtinal,citegory will consist of:

PR

(a) Study snd definition of the objectives of field experiments
in operaticnal and technical terms

(b) Design of tests taking into account those factors uncovered
\ in other areas of the research effort

{c) Outline of the anai&tical basis for tests, and the types
and quantity of data required

; (d) Delineation of criteria and establishment of the form of
¢ ‘ _ ‘data analysis expected to produce the level of coniidence
\ reéquired. ‘
E (e) Design of formats for observation forms, questionnaires, g
: ! and logs that will allow systematic treatment of the data 2
‘ entered thereon

(£) Construction of simple models of -factors affecting experi-
_mental design, where appropriate.

o Sefa
'
b -
o

69 ikt

o

2. Subtask Scheduling | ¥
o It is apyarent from a brief review of the subtasks that they are ‘
interrelatad and constitute interdependent segments of the overall Task 1
study. Much of the research effort anl needed data are applicable to
two or more subtasks, which can, in certain phases, be conducted simul-
P , tanséously. In other instances the findii} or results of one subtask

5 y " are required in order to continue the work of the second., For example,

‘ the raaults of Subtask 2 (Survey of Existing con-unicutions) must be
fairly well oompleted botoro an evaluztion can be made in Subtask 3
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(Estimate of the Communications Situatiom) of tho adequacy of ihe exist-
ing systems to support the current stratogies and E’ont*ingomy ﬁ;uni. :

3. Types of Data R_o_ggircd , L
o

The types of data used iu these studies includea or is dérived : ' - . ,'\,\_

MY ot g ol -3 SRV TR

~

”
Moy o ¥
o SRR

from the Tollowing:

(1) Information, together with. illustrative ulpu, indioating -
current and potential threats, aml.ynn of such thresti,
aad the probability and magnitude of' various levels of BN
contlict : R
(2) Information, along with maps and diuuu. mdiostin; the: .
sixze, number, types of units, missions, and tu'ritorul
organization of the respective military -and pol.ic- forces

(3) Descriptions and disgrams illustrating the: ccmnd con~
trol structure of the Thal military and police forces 1

(4) Diagrsms and date indicating the military poncc and non-
military fixed and sémifixed ommunications networks and \
their terminals ia the various military, md police hud- ' .
quarters, and/or other communications centers : ¥

(5) Manusls, directives, and verbal statements concerning S
normel and emergency communications pmcodurn and |’

practices

(6) Discussions with comniuttons officisls comcernidg = C L .
responsiveness, capacity, reliability; and linitations - 3

(if any) in equipments, systams, and procedures; and
personnel needs

(7) Observations and data gathered by MRIC and other personnsl
during Thai military, police, sad SEATO t:lold tuts.
exercises, and maneuvers

(8) Review of lists of oquipunts available to or almnod for
the Thai rorou.

=
g ! § 4, Collection of Btggrwnd Infomtlom
Trips were made to various facilities to obtatn *ﬁntomt:lon on tho 0

subjects of counterinsurgency operations, proml omnintton. and tho
technical spplications of various mnioatiom oquipunu. The visits

inolud=d:
(1) Army Eléctrouic Proving Giounds, Ft, W

Rl e e el o S RN

RN ot P s, 2 Gt 3 i

L]
.
s 0w s oo gyl

The prucedures and format ‘for initiating sud Wm mm

evaluation tests of communioation equipment sad dystems vere o~
viewed. The sppnoation of these prooodum by the ntutt at




N,
5 ~ - ’
NN "N}
' - \:\" ) o . ' i
USA!?G was dwoustnt‘)d ‘ua ebriattnu oh thg Army iactioal - ; 5 B
_radio interfersace studies ami experiments in pmm.. ‘t .y Y §
““that.time, Special instrumsentatica was smployed to deter= - L R
_wine the relative performance levels of voice oomsuniocation w78 S -
I oireuits. This special mtwt was not. oonsidered to be = . - .
v miltable Tor use in the experiments propossd for Southesst: . - -
Asin beosuse of the cust as well &s the mctodﬁ mintom.noc R |
. disiculties. MR A k
3 ; (2 mm Magters Ceater, ¥t. Xorth Can 5 L
¥ - - NS S - /Q;; . L
The cemunxcation proceduros used hy mrioun typos of P a) - g
special varfare teams were dimtud/wnﬁ the: z;:stmtom Lo Tt :
and officess of the Ceuter ax well ag represeutatives o2 - . o o
. teams returned !m various points, -The ‘ekperiences of I PR«
i ' these teams were obtained from a large spect ¥m of situax et 2 N
_ tions, FAnglug. from World Yar 1f - through Korez aad Vietasm, - ° o N
D Feld expediency measuiis in oqui.punt aad’ opomtu( pro~ = . s T
L cedures showed soke variation (attributable to tiwe, au«. SoLa N
aud. yroup mission). . , L s

S (3) -Ajrborne Elsctrenig and Special ?hrfl!"__‘bﬂxﬂi J"tQ Bragx, s
Worth Corolim e o

———

The pvmnu Sntorvi:dnd oxpreuscd a. dnu'o to hav. iaao- . . S e <> /
Y

L vations that would subinge. the performsnce of existing. = . .3 F el L
UL . operatioml- oquigun.n. .Considerably intarest wus bem‘ - . o ‘;f/{}) :g? ' ;
- ‘ directsd -to the developwent of a low-oost, lightweight,.. . . AR |
o " portaole, high -tﬁtﬂlgmy antenws fo. jse with . NS e :
s o mobile ~1m:x~ula0 eveil approaches ur. usder comsiders~ .. Q’ A
PENE tion, thatv could in wxe&m in the Southuest Asia P S
b i operatious. Of particulaz-iioto was the "fishing reel®™ oL G
\ ’ antenna that could be rapidly set up or dismentled. Alao. LTl A g
E .xpcrihonta were belag conducted with doublet antennas o CE
placed st different heights above: the ground. = .. 4T ’
Southeast Asia 1
A survey trip vas made to’'Thailand to obimc omiosnon AR )
¢perations and procedures in the HEATO maueuvers of 1923, S 1
- Operating difficulties were disoussed with field' TICOPS . o P 5 ‘
o . {pcimarily USA) wi R rnpoot to the asnsuver as: “11 a8 o v - W {
i <3 ' routire operationz,  The communicetion Mumnt- for . . o u. ;
e .couaterinsurge, ¢ ~perutions (st various levels) were . SRR % N \
¢ o reviewed with ARPA perucanel an wot and mmgmto S R, ‘ ,
o “ N studies discussed. /( el !
¢ A visit vas made to tae Mar Kest land Yoroes, British R T !
. Commouweslth, Singspore,.to vhtain. information ou the - = 7 .0 - N
| procedurss uded by British Forces dur&at past mtor- N i
z “é 1mrgmyoporatiou. ' BEARREEEIPRENY - T
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@5. Apﬁravals

°A1thou¢h B genernl averall approval has been received by the
I.Diroctor, ARPA/RDFU~T, for undertdking the»taskw/of the SRI contract,

it i- neceanary to obtain the uppraval of the Commanding General (lljor
«Goncx;l Singchui Hon:suta), Kilitary Research -and Developmanx Center, -
and the Su reme. Command, Thatitnd, 1or sach individual subtask. This
Qapprovul 1§ raquired in order to visit various. militury headquerters,
‘otzices, fﬁcilitias and units, observe milttary exercises, conduct ex-
'porimonxg invol@zng Thai military personnel, and obtain access to essen~

- till documents and data. Subtask 1, Small Unit and Patrol Communications,
o was approved by the Supreme Command on 22 August 1963.,

D ‘Concébt, Ogggnization and Status to Date, by<Subtask

< The Iolx‘?ing dizcussion of Subtasks 1 through 6 outlines the areas
‘ot,ggsearch 1nvestigatlon and analysis. As these studies progress, it
mg\/Je necessarxrto modify or add to the content ot these areas.

1. Subtaék 1--Sm111 Unit Patrol cbmmunications

> The- territorial borders of Thailand are, for the most part, adja-
cent to-existing or potential reservoirs ot communist insurgents, remote
from the center of Thai population and industry, and nearly devoid of
modérn coﬁmunicétion facilities. The detectien or prevention of insur-
- gent dctivify along these borders is the responsibility of small units
of Bordér Patrol Police, with Army un:ts‘in rasarve support. Sincé the

effectiveness of sction against.insurgents g*ﬂhraiiy increases greatly
with the speed with which it can be applied, it is obvious that a means
of providing timeiy communications is essential to the efficient and
effective performance of these small unit patrols. It is the purpose
of this study to investigate how modérn communication technology can be
applied.ta improve the performanca of the border patrols in sateguarding
the Thai borders against insurgent activity.

/‘:
- “/Z/ .

Vo

* gubtask 1 has already been angroved.. The work initiated by
Dr. &, Barber, ARPA/RDFU, is being continued.
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a. Phases
The study will include the following phases:

(1) Developmeént of a detailed definition of present
’ patrol activity, the definition to cover environ-
ment, threats, goals, techniques, and’ resources.

{2) Study of modern communications technology apdithe
postulation of potentially advantageous innovations

(3) Calculations of the costs and prospestive returns
from the postulated innovations and the identifica-
tion of those which ave potentially practical -

(4) Conduct of pilot field tests to. assess the cost and
worth of the proposed innovations

(5) Formilation of recommendstions supported by the
tests and appropriate to the resources available.

b. Status

The research program for this subtask has been outlined and

studies are being made of current border patrol activity. The obgerva- .

tions made during field trips to Border Patrol Police Units are being
evaluated,

2. Subtask 2--Survey of Existing Communication Systems

a, Obaective

The objective of Subtask 2 is to compile a catalcog consisting
of descriptions of the physical facilities and operating characteristics
and capabilities of military, paramilitary, and other goveranment or

private fixed and semifixed communications systems.

b. Approach

To obtgin the necessary data to evaluate properly the cape-

bilities of each system, it will be meressary to:

(1) Determine the items of data to be gatiiered
(2) Design the catalog formatr and Jdata collation system
(3) Identify.and locate the various fixed systems

(4) Obtain permission and visiv the departments, agencies,
or firms where necessary data may be obtained
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{6)

Te

Visit various field installations, as required, to
oktain additional datsa .

Obtain, record, coliite, and catalog dsta.

Scurces of Data

' Data spurces will include consultation with Officers in Charge 7

of Communications, and réfersnce to the records of‘coniuniputions for

the various Ministries, Departments, and privatu business firms.

d. Types of Data Desired

The desired data may include o¢ be derived from:

)
(2)

(3)

(4)
(5)

6)

(7

e.

Route map and circuit diagrams

System design specificatious--e.g., cable, cpen
wire, microwave, carrier, SSB;, FM or AM, number of
channeis by mede (vo™ ‘e, teletype), multiplex
schemes (FDM, TDM, SSB)

Modes of transmigsion--e.g., Morse, C¥ telephone,
teleprinter

Type and make of equipment

Points of interconnection with other systems and
alternate routes

Maintenance practices

Operating and maintenance personnel requirement.

Personunel Required and Sstimg;ed Length of Time of Subtask

One MRDC-Thai Officer (preferably with a good techaical communi-
cations background) and two Operations Analysts {(SRI) wiil be needed for
a period of approximaiely 6 months. It is expected that. for much of the
time these individuals will make visits to pertinent Taai officials and

communications installations.

-

Results Expected From This Study

" : It is sxpected that the resu.ts of this study will:

(1) Dovelop & central catalog of existing communications

gystems of Thailand

(2) Develop & pfbcedure for obtaining, recording, and col-

NN T

* lating data on existing and future commuaications

systems to include modifications and extensions
therseto
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(3) Provide a ready source ol information on the re-
sources in comsunications systems available in
Thailand in the event of pational emergency.

g Status B e

Subtask 2 has beeén outlined and the initial field trips made
to various private and governmentzal organizations concerned with comsuni-

cations are being analyzed.

3. Subtask 3--Estimate of the Commmication Situstion

a. Objectives .

The first sbjective is to review the military strategies and
contemplated operations of the Thai Armed Forces against possible threats
and military emergencies at various levels of conflict and assess the
adequacy of the existing and currently planned commznications system tc

'\“\ v

support them.

The second objective of Subtask 3 is to:determine additional
requirements for communications systems and operations to adquataly
support such military strategies and contemplated operations, Qith
special emphasis on strengthening Thail counterinsurgency ctpgbitiiieg.

b, Apgrqach

The research effort will include the tollow}ng steps. First,
a review will be made of the strategic Estimate of the Yituation, This
includes:

(1) The threat analysis-~current and potential threats

to the security of Thailand froi internal and/or
external sources

(2) The composition, organizationm, agsigned missious,
and rules of the respective Thai wilitary and police
forces

(3) The territorial crganization of Thailand for national
defense; the current deployments and dispositions of
various Thai military and police units

(4) The command-contrxol organizaiibn, gystem, and normsl i .
channels for exercising the command: function from the
Supreme Commander down to small tactical elewents

22
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(5) War or con..ugency planning--i.e., the plans proposed ~
_for the deployme..s and operstions of Thai military )
and police forces at various levels of threat or

conflict.

&

Second, & review will be made of the existiug and nonmilitary
communications systems, utilizing the information and data obtained in
Subtasks 1, 2, 4, and 6. Particular attention will be paid to those
communications for command and contrel from the highest to lowest mili-~

»

t

tary schelons.

Tkird, an evaluation will be made of the adequucy of the
exi;tinz and currently planned communications systems to support or
reinforce the strategies and planned operations of Thai military forces

, .
Y A » .
N
. » . "
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P

in £%e various postulated threat situations.

) Fourth, conclusions sand recommendations will be derived. These
will indicate both "quick fix" and long-range sclutions, and the rela~ |

tive urgency or priority for action.

e

c. Types of Data Regquired

The types of data to be acquired in this study will include
or be derived from the following:

(1) Statements, together with illustrative maps, that
indicate current and potential threats, analyze
such threats, and give the probability and magnitude
of various léveis of conflict “

(2) Statements, along with maps and diagrams, indicating
the size, number, types of units, missions and terri-
torial organization of the respective military and
police forces

(3) Diagrams illustrating the comsand-control structure of
the Thai 1ilitary and police forces .

(4) Diagrams and data indicating the fixed and semifixed
) . communications networks of the military and nonmilitary
’ police, and their terminals in the various military
and police headquarters, znd/or other communications )

centers

(5) Manuals and verbal statements concerning normal and
emergency communications procedures and practices

"
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Discussions with comunicctious officials conccrning «

- speed of comnic&t:lons, respousiveness, capacities,
relisbilities and deficiencies (if any) in equipments
dnd systems, s well as-in procodures and personnel.

. needs
‘7) Observations and gathering of data by MRDC and SRI

)

d.

.personnel durin_, Thai military, ponce.b and snm

oxorcues and uneuvcrs 3

Id.ats .of equipment wanable «to or phnnod tor the
Thai “Forces.

Sources of ,pcf.a

To obtain the datz and information essential for this subtask,

it 'wi-ll_. be necessary to have access to and coordinste with officidls in
various Thai Ministries and agencies and Us;ggsocj.itod agcnci ¢ that
may be concerned wiﬁz (1) intelligence and threat analysis, :# Sv;mr:,
strategic, and contingency planning, (3) military and poli_ . command-
control organization and opcrutions, (4) system planning and operations
for both military and nonmilitary comsunications systems, and (5) train-
ing of Thai Communications Specialists. Accordingly, vernission will

be necessary for access to and ~d:@sbusdions with appropriate personnel in:

‘ v Q)
. (2
)

(4)

(s)

(6)
4P

(8)

B VI T

The Supreme Command

The Army, Navy, and Air Forceés

Police (including urban, -provincis , river, and border)
TOT and Ministry oz Communications

ARPA spounsored projecta of various agencics--'e.g.,
RAC and R4AND

0ICC officials concerned with communication proj'ect

JUSMAG staff elements concerned with intelligence,
plans and operations; and with communications;
including logistics and training support for communi-
cations i |

gther Thai and US offices and officials it seems
desitable to visit -during the course of this study x

o e re

* 1t will be iecessary to vigit various headquarters, operations centers,
'~ and communications installttions in Thailand for observation, and to
participcte in field txips for a first-hand sppreciation of xhe facil-

i ities, operations, and procedures upioyod. As indicated above, the

'

security and sensitivity upects of these data are recognized, and

proper conduct will be scmpnlously observed in consulting with the
above offices and officials, -
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e. Estimats of Personnsl Required

Pecsonnel required include one full-time Thai umlitary‘ottiocr,
at least of Commander (Kwy) or Lt. Col. (Am or Air Porce) rmk, with
access to the Supreme Comnd (rs ciearwnce), and one tun-tm US opers+ 3
tions analysi; (SRI) femiliar with military st\mte:y,,nilitury operdations,
military planning at national and smaller unit lqve‘.ﬁi, and with tuotioal ’ 1*‘:

-

.
<
i

3

communications (T8 cleanncc) . R

In addition, the other Thai o:tﬁ.cers and SRI pouonnol Ouund
in Task I will contribute to this eiiort trom time to time as avausbh

and appropriste.

f. Estimated Length of Time of Subtask

It is estimated that effort on this subtask wi.. continue for
the entire length of Task I--i.e., 16 months.

g. Results Expected Froni_"l‘his St‘ilt_!x

It is expected that the results of this study will: (1) high-
light the current military communications problem areas and indicate
steps for their solution or improvément, (2)‘ provide procedures for fu- E
ture assessments and evaluations of Thailand's Communication Situation, -

aud the determination of requirements, and (3) train Thai officer par-
ticipants in the method of approach and techniques for preparing an
estimate of the communications situation, for future continuing effort.

e N % A S

h, Status

The research program for this subtask has been c_)utuuodt Hows:
ever, research activities are inactive due to the lack of ;pproval 7bj?

ISR WL -
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Thai authorities.

4, Subtask 4--Police and Military Interface

a. Objective

The objective of Subtask 4 is to establish requirements for
effective interconnection of the poliice, nilitury, o.nd othor oo-nuuica-
tion networks so that oper(tioual coordination can be achieved and al-
ternate routing effected in the event of system damsge.

. e wem 8.

N
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b - b. Approach
e Achieviug the objective will require a three-part approach to
the problem:; 7

g ) A study of the present and potential nissions, roles.
sand practices of the police and military organization
will be conducted to establish the need for an effective
interconnection of communications nstworks.

(2) A study of the present procedures and interconnection
facilities available to the police, military, and
other communication networks will be undartaken to
provide the basis for the establishmeunt of inltiel

- ' , requirements. This part will concern oversll systems

: integration and alternate routing»in ‘thé event ox

system damage.

(3) When initial requirements have been astnblished and
' system specifications have been implenented, testing
. of such intercommunications will be conduicted. The

- results of tests will be evaluated, and reports will

be prepared to include any additional recommendations
that may be indicated.

}_§;~= c. Types of Data Required

b - < Statemeits of roles and missions, and results of observation of
the practices of the police and military organizations will be reguired -
along with statements and deacriptions of plans and pronosed operations

oo including those pertaining to communications.

Experiences of neighboring southeest Asian countries with similar
problems of integrating communications networks sand in countérinsurzency
K operations will be studied for application to this subtask. The type of

> dsta required will also include those items noted in Subtasks i, 2, and 3,

R d. Source of Data

A part of the required data will be obtained in conjunction
A . with Subtask 2. It will this be necessary to visit the Ministries,

‘ Departments, Divisions, etc., noted in Subtask 2. Also, field trips
will be made to observe operations and consult with border police and
, ‘ military personnel at all command levels, In the event pi field'oxer-
‘N - cises, obsarvations will be made of operational modes and coordination

of the communication effort,

o ) . - : 26
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Reports and studies of experiences in southeast Asian countries
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will be reviewed for pertinent data.

e ) ‘@, lstinniq o% Personnel Requived
It is estimated that the following psrsounel will be required

o

x

on & full time of frequently svailsble basis, ss follows: o

.i
i
{
i
g

(1) One Thai military officer, at least of cpnnaqder,‘
RIN, or Lt. Col. rank, with access to expected
sources of data and with « Top Secret clesrance.
‘It is desired that this officer be availabie for
6 months full time,

- v (2) One’'US opérations analyst (SRI) cleared for Top

S Secret . " .

(3) Thai officers (one from each Service, and one
from the Border Patrol Police), qualified in
communications and operations for his Service,
to be consulted as required.

g 34 .
4 3
~ ‘ ’
. .o 4 i 4 i
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f. Estimoted Length of Time of Subtask

!

! It is estimated that it will take approximately 6 months to
conduct this study. <Certain parts of the study can be iuitiated at once
in conjunction with relsted subtasks, This would include the gathering
of the initial data pertinent to Subtasks 1, 2, 3, and 6.

g. Benefits to Thailand Eggectedﬂfrom the‘Fin§iggs of This

Subtask

It is expected that the benefits accruing to Thailand from

<
.ty
P e e Rt

| this task will include:

Wi

(1) Improved operational coordination among military and
police elements

(2) Improved effective interconnection of police, military,
and other communications )

(3) Improved utilization of existing facilities and per-
‘ sonnel

(4) Establishment of alternate routes of communications.

h, Status

The research program has been outlined, but is inactive due

to‘lick of approval by Thai authorities. v e - e
- 21
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5, Subtask 5-—00mnunxcutions Systems Inplicgtiona of Msjor Thai
Dialects
a, Ob ectiQe
Subtisk 5 has as its objectivas tha determination of the
hindrance to oral Thai Communications impesed by certain design character-

istics of voice connunicutions equipment employed bv the military (and
paramilitary) forces, and the spec@ficgtionAQf practicable improvements.

b. ‘Aggr_oach

The meaning of words in a tonal language such &s Thai, depends
in part upsn varying p?ich. Fsilure to discriminate differences in
pitch could, therefore, result in 1loss of inteliiwibility.

The design specifications for voice communications egquipment
for'qddern military use prppumably have evolved from stpdiei to perfact
equipmouf for thé transmission of languages oth&r than Thai that are not
tonal. Thg_possibility-exists, therefore, that presently available
equipment does‘hot embody design characteristics that are optimum for
the transmission of the Thai voice. This study requires investigation
of ‘the relationship between inteXligibility, pitch, and bandwidth t.
determine fhe potential magnitude of improvement in intelligibility at-
tainable by a more optimum selection of values for these characteristics.

Essential steps of the study will include: .

(1) Review of existing information on the composition of
the sounds of spoken Thai.

(2) Development of a valid test of intelligibility. The
Fairbanks Rhyme Test, an outgrowth of the widely used
Harvard Psycho-Acoustic laboratory Test, suggests a
type of measurement tool that might be adaptable to
the Thai language.

(3) Acquisition of the necessary equipment to conveniently
vary and control bandwidth and signal-to-noise ratio

accordingly.

(4) Measuremsnt of the intelligibility of the voice trans-
migsions of & panel of Thai personnel covering -ranges
of the three variables.
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c. Types of Dats Required :

The types of .data required include: (1) technical datu per-
taiving to the dccign characteristics of the equipments, and/or communi-
cations channels over which the tests are oonductod--o.g., bandwidth,
distortion factors, noise (internal and ambient), and others that may

o attoct circuit intelligibility; and (2) intelligibility tests (including

& word liits) and test scorings resulting from their use.

d. Sources of Datn

Data conserning tranamission churacteristicl of oquipmnnts
to be tostod wili be obtained from manutacturers or from 1uboratory ‘and
tield msunurennnts in Thailand.

Native-born Thai speakers &nd listenara in Thniland will be
used as required for spaaking, listening, and rocording data in connoction
with the Thai intelligtbility tests.

!

e. Egtimntdh of Pgrsoﬁpel Required

Personnel estimates are:

4

(1) One SRI speech enginser (to plan, organize, manaige,
and conduct the tests, initiai ly at Menlo Park,
California, and then in Thailtnd).J

(2) One Thai officer or civilian assistunt, English

- speaking, to assist in planning.und to coordinate

the efforts of required. Thai personnol.

(3) About 30 native Thai personnel, @nlisted or civilian,
as talkers and listeners for about 8 hours each.

£f. Duration pf Subtgsk

Total effort will contigue for 12 months~-about 6 months effort
in Thailand and about 6 months in ‘the US.

g. Results Expected From This Study

It is snticipated that Subtask 5 will reveal the gains ia in-
telligibility of communication with the Thai voice that can be achieved
by changes in the equipmgnx design characteristics.
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The project requirement for awuuaﬂc{:n of voice comsunication

system performance in Southeast Asia saend\nknly te be: hut satisfied
[ by the use of “'intelligibility" tests:. Thess tests have: been used fox ’
‘ _ several ysears by communication en&inoora in the US, and the \}opni&ti’o&‘
1\‘ of master test tapes in English is readily aeoonp].iahod.\b Bmusc the

“ possible transmission impairment to tonal launguages uight va.i'y in ur
§ : nitude snd. type from English, a prelinimr)’ invuﬁtu%fon of the tm:t-(
,' bility of developing a similar type vest ir Thei was bsm Tois oot
- Qopt was discussed at the U.S. Army Language School, Nonteroy, Calitornia
with Dr. Tekawa {Director, Far Bast Languege D:lvhion). Dr. ukin B ‘
showad considerable interest and provided sevsral adult male’ Th-.:l hn—- _
guage i‘nstmctors for the rcénz::iiug ol ielaétod Thai wonis.: The demon- . ..
strated interest and ccoperation suggesta: that fho requ:lrmnt for. -
speakers in the US can be partially fulfilled with tho uihtunce of f:he

o e

staff at the language achool. o -

As & result of the first visit to .he school, four texts of

the Basic Thal course were obta:lnqt and havc bnn amlyxed to dotornino
"tho relative frequency of cccurrence-of dittcmt Thai vowel tom.

‘The counting and cataloging ot thess forms have been qomlatod. Detu“-

mination of relative frequencies and cowmparison thereot »to Englgsh vox.ol
! ’ form frequoncies was bsgun. In addition, the meoi\”lincs of: :electod . \'}.
‘ Thai words spoken by adult male Thai language 1n:mctora have boen sub-
Jected to a frequency-spectrum analysis. The technique used employs a

Scnograph to produce s permanent record of the voice frequency ca@nonts.

RPN 6. Subtask 6--Human Engineering, Thai Aptitudes .
' v &, Objective. ‘ | I

. The objective of this subtask is to investigate oomnications ¢
' personnel skills and abiliiies in ardsr to determine whut 1: roqturcd C‘
for (1) equipmont design and operational procedures, and (& ) purnonnci
selection, training, and phcmnt to provide improved comgicatiou :

systems performancs. _ Co
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b Approach
The purpose of Subtask 6 is to increase the probability that

anyfmeasurqble failure in a qumunication system is not from human

Human failure includes the engineering of the equipment, the

failure.
This inves~-

capability of th. operator personnel, procedures used, etc.
tiéationrwill also include the appfaisal ai manpower availability and

training programs and facilities.

.The research effort will attempt to determine the following:

(1) The psycho~physical traits of operator personnsl that
result in substanderd utilization of foreign-made

aid Thai equipméﬁt

(2) The extent to which the hwpan resouices are sufficient
to supply the necessary gkills and abilities in the
communication johs

(3) The effects of -equipment weight on communications
performance, patrolling distance, and patrol fire
power

(4) Existing language difficilties that degrade the com-
munications within and among the military police,
‘and- other agendies ’

(5) The critical deficiencies and/or limitetions in the

capabilities of communications personnel to perform
their duties under the stresses of prolonged counter-

insurgency activities
(6) Tiie minimum trainirg reguirements.

c. Types of Data Required

Data- required will include:

(1) Communications skills and abilities among the military,
police, and governmental agencles

(2) Anthroponietric data

(3) Test pérformance scores of operator personnel

(4) Equipmént physical characteristics and operating
mechanics., :

d. Sources of Data

Most of the data will be obtained from field assessmepts and

will include:

3%
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Operating units records and performance data
Personnel records
Training school records

Operator measurements.,

Estimate of

Required personnel of this type will in~lude: One Thai officer

and one US operations analyst.

£, Estimated Length of Time of Subtask

Eight months is the estimated duration of this subtask.

g. Results Expected From This Study

Expected results of the subtask are:

Q)

(2)

3)
(4)

(5)

h.

Iden%ification of ski¥l requirements for communi-
cations jobs

Estabklishment as to what extent loss in performance
is attributable to personnel inadequacies

Training school and manpower needs

Identification of particular design requirements
for better equipment usage

Selection of tests and standards for communications
operator personnel.

Status

The research program has been outlined but is inactive due to

lack of approval by Thai authorities.

T
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IV WORK ACCOMPLISHED DURING THE REPORTING PERIOD--TASK II

A. Introduction

Discussions between SRI, ARPA, and USAEL representatives led to
the formation of a set of specific subtasks. These particular subtasks
were chosen as guidigg factors for work plans during the initial stages
of laboratory vwork. Frequent review of the value of each subtask was
intended, to permit new items to be substituted in place of less fruit-

ful -ones.

The initial list of subtasks served to focus the attention of per-
sonnel on a few specific tasks rather than spread the effort so thin
that little would be accomplished on the broad task of investigating
communication problems in tropical areas. The initial list of subtasks
is given below, followed by a discussion of accomplishments under each.

Subtask 1: Testing and Evalvition of Tactical Communication

Techniques and Devices o

Subtask 2: Noise Measurements

Subtask 3: Antenna Orientation

Subtask 4: Ground Constants

Subtask 5! Earth Potential

Subtask 6: Frequency Prediction

Subtask 7: Aatenna Terrain Effects

Subtask 8: Flutter Fading

Subtask 9: Vertical-Incidence Ionospheric Meaégrements

Subtask 105 Oblique-lnéidence Ionospheric Measurements

Subtask 11: Technical Assistance

Subtask 12: Special Investigations
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B. Subtasl: 1: Testing and Evaluation of Tactical Communication
Techuiques and Devices ‘ ’

1. Work Accomplished

Early in the contract, considerable emphasis was placed upon the
determination of the capability and shortcomings of various radio sets
for field work. Counscquently, work was started on Subtask 1 even before
the laborato.y complex was completed, Field tests of seven types of
man-pack radio sets have been counducted id forest regions of southern
Thailand, over a flat delta region near Bangkok, and in a hilly forested
area about 100 miles northenst of Bangkok. Both HF and VHF radio sets
have been tested.

The following tests have been completed, in this order:

(1) Tests on HF and- VHF sets in a forzst area of southern

Thailand
(2) Tests on HF sets over a flat delta region near Bangkok

(3) Tests on HF sets over a mountainous area northwest of
Bangkok. This series also included tests over extended
ranges up to 100 miles between terminals

(4) Tests on VHF sets over a flat delta regicn near Bangkok.

The field testing has been conducted under conditions as neerly
operational as possible. Both voice and CW tests have been performned.
‘Generally, results have been determined from a score based upon compar-
ison of received text with transmitted messages. Field tests have nor-

mally been conducted on an established schedule throughout the 24-hour day.

2. Conclusions

Since there are major differences in the performance capabilities
of HF and VHF sets, the test results from each class of radio sets must
be treated separately. Direct comparison between HF and VHF sets has
not, therefore, seemed feasible. Tha following comments summarize present
findings:
(1) Sets employing solid-state componenis are noticeably
lighter in weight, are smaller, and have smaller prime-
power-source requirements than others. No noticeable
degradation in performance was observed for the smallsr

and lighter radio sets. The smaller, recently designed
sets generally outperformed the older sets.
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(2)

3)

(4)

(5)

6)

)

(8)

9)

(10)

(11)

The frequency flexibility of the one HF set employing a
versatile synthesizer providing frequeacies at 1-ke
intervals over its range was found to be valuable in
minimizing interference effects.

The antennas used had a major bearing on set per-
formance. Of the three standard types of antennas
employed, the dipole antenna performed best; the slant-
wire antenna rated next; and the whip anteana gave the
poorest performance.

On tests using HF sets, definite diurnal variation in
communication success was noted. Early morning com-
munication was poor, owing to low ionospheric critical
frequencies during the period between about 0100 and
0400 local time. (See Sec. IV-J for remarks on C-2
sounder observations.)

Although it is difficult to achieve reliable tactical com-
munications with man-pack HF radio sets in the tropical
jungle, there are times during which communications cen
be established over rather large distances. This factor
may be important in situations where the detection,
monitoring, or direction finding of transmissions is
undesirable.

Terrain features between sites did not prove to be an impor-

tant factor in communication success when HF sets were used.

Observations on signal quality, fading, maximum propa-
gating frequencies, and diurnal variations in these
factores have led to the conclusion that communication
during ail tests using HF radios occurred via sky wave.
This wis true of ranges as short as 5 miles, the minimum
range over which tests were conducted.

There is no practical way to specify the maximum or even
the best operating range for the HF sets tested. An-
tenna patterns aZfect the received signal streungths;
however, the use of highly directional antennas on man-
pack radios is not practical and does not seem te provide
& good basis for the specification of range capability.

The VHF sets tested generally provided adeguate voice
communication through moderate forest at ranges up to

3 miles. On one test conducted in a region of extremely
dense undergrowth, total loss of signal was observed at
a range of less than one-half mile.

With whip antennas elevated 70 feet above ground and

lashed in tree tops, adequate communication was established
over a S-mile path. When both antennas were: lowered to

30 feet, communication through a moderate forest area

could not be established.

No significant range difference could be found between

the two types of VHF sets tested in forest areas.
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The above remarks suhmarize the results of tests conducted to date,
To obtain a more complete understanding of the tests, their limitations,
constraints, and -results, integested~readérs are urged to review the

reports listed in Sec. V.

3. Plans fpr Suture Work

Plans are under way to test several VHF man-pack sets over the open,
flat; delta land near Bangkok. It is believed that results obtained
here will be- applicable to other areas in southeast Asia used mainly for

rice production,

Discussions are under way concerning additional tgsting of VHF

sets in forest :and jungle areas. In addition, discuésions have been

‘held concerning the desirability of field testing several special-purpose

radio gets in Thailand.

C. Subtagk 2: Noise Neasurements

1. General %

Early in the program, it was recognized that radtb noise levels
limit the performance of field radio sets. The frequency of tropical
thunderstorms emphasizes the need for an understand%ng of the magnitude
and variations of noise levels. While considerable knowledge is avail~
able on tropical noise levels from the existing world-wide noise-measuring
network and from a wide variety of scientific explorations, several
specific problems related to the interpretation of performance of field
radio sets remain. Some of these follow:

(1) Noise level measuremenfs are required simultaneously with

the field testing of radio.sets if accurate results are to

be .obtained and if these results are to be extrapolated to
locations with ditfevent noise\levels.

(2) Field radio sets frquently employ horizontally polsrized
antennas. The existing world-wide noise measurements were
made by using vertical antennas over ground screens. No
known experiment hes related noise maps obtained from the
existing fietwork to the use of horizontally polarized
antennas., :
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(3) It is believed that most noise energy arrives at rela-
tively low angles of incidence, No known data exist
indicating that tropical vegetation could absorb more

Lo energy, thus reducing effective moise levels for rudio

sets used in tropical forests.

i~

’ 2. Work Undertaken

Under Subtask 2, an investigation has been started on the design
of an experiment to investigate a variety oi problems— “uding those

listed above. Equipment parameters and the general §pu\v,£éitions for

P R

noise equipment have been explored. Thefpossibiiity of obtaining'a
standard ARN-2 noise measuremeni equipment identical to those used in

the world-wide network has been explored.

T e Vg e v oy

To initiate a measurement program, an available five-channel VLF
and LF noise recorder was shipped to Thailand and placed in operatiom.

Various specific single-frequency noise explorations have bgen madg py

b e

- e

using an Empire Devices NF205 noise measurement set; however, a coppfe-

i hernsive program has not been tegsiblevbecause of its limited dynamic

e ey

range aad single frequency.

3. Plans for Future Work

A detailed test plan for subtask work is being prepared and will
be completed in the next reporting period, In addition, the design of
a suitable noise receiver is under way. Personnel from the Boulder
Laboratories of the National Bureau of Standards (NBS) have indicated
8 willingness to cooperate and assist in the design. Emphasis has been
given to a dasign providing data cons?stent with ‘those ohtained by the

network of ARN-2 noise receivers now operating around the world.

"’k‘"
it

D. Subtask 3: Antenna Orientaticon

1. 'Work Undertaken ~ .o

~
-

It is normal procedure to orient dipole antennas broadside to each

: other for HF communication.® Theoretical and experimental evidence

L * Reforences are given at the end of the report.
jvu« ~ e - 37
—— S e - . : S

o b s

.
MR-

Y R




s o e =

S x

e Mt i ke e -

indicates that such an orientation is not always: the best, especially

for short paths near the equator where the earth's magnetic field is

essentially orthogonal to the near-vertical propagation path. The
polarization of down-coming ionospherically propagated signals and the
differentiszl absorption between ordinary and gxtraordinary waves are
factors affecting optimum orientation of a dipole oi any linearly polarized

sntenna.

A theoretical investigation of the factors related to antéanna orien-~
tation near the magnetic equator was undertaken.? Early tests indicated
that an improved communication capability should result if all anfennns
were oriented in a north-south direction. A field experiment was designed

to meas..re received field strength for antennas with various orientations,

Initial measurements using cW signals a8 siéngl sources have been
completed on the paths between Baagkok and Ayudhaya nnd*betwqen‘Bangkok
and Nakornpathom, which are approximately 60 km due north and due west
of Bangkok. Transmissions on frequencies of 1.7, 3, 5, and 10 Mc were
employed in the CW test.

2. Early Results

Early results indicate a significant enhancement in szignal strength
using north-south antennss compared to east-west antennas for the lowsr
frequencies and little difference at the two higher frequencies. The
data have not been fully examined, so firm conclusions can not be made

at this time,d

3. Planq for Future Work

Data reduction and analysis of CW and pulse experiments will con-
tinue. It is anticipated that two special technical reports will be
required to describe field results, ‘

A revised and expanded sdition of Résearch Memorandum 5, entitled
"Orientation of Linearly Polarized HF Antennas for Short-Path Communica-
tion via the Ionosphere near the Geomagnetic Equator," is being prepared
for publication. Alsc work will continue on a report inVestigating

theoretical aspects of absorption of near-vertical radio waves in equa~-
torial regions, ‘
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It is anticipated that all field work under the subtask will be

completed duringz the .aext six-month period.

E. Subtask 4: Ground Constants

1. Work Undertaken

A progran measuring both conductivity and dielectric constant of
typical soil. “ound throughout Thailand was undertaken. The vélues are
useful in oalculating signal strengths and the effective range of ground
waves emitted from radio trausmittews. The program is under way antd
measurements have heen nade in more thaq“awdozén locations. Dielectric
constant is measured by the,wavs=fiT§’;ethod and ground conductivity ie
determined by the comparison, with precomputed values, of the measured
tieid-strgpgth profiles along radials from the trénsmitter. A map of
Tﬁailang has been prepared showing initial results; however, to,be
meaningful its publicatvion must await che result of additional measure-

meqta.

2. Plans for Euture Work

Field crews will continue to measure ground constants throughout
Thailand. Occasional repeat measurements are planned so that variations
in results between dry and wet seas-ns can be obtained. Techuniques for
the presentation of data will be examined with the emphasis on use of

simple map presentations.

F. Subtask 5: Earth Potential

1. Vork Undertaken

During the testing of man-pack radios it became apparent that &n
indicator of ionospheric stability was highly desirable and perhaps even
necessary to interpret the results. Since no means of measuring iono-
spheric or magnetic state existed in Thailand, an attempt was made to
construct a device to observe gand record earth potential.- Because of
the emphasis placed upon obtaining results of radio-set testing, inade~
quate attention was given the design and installotion of the earth-
potential gear, A properly operating installation was not obtained.
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2., Termination of Effort

Since magnetometers have been so highly developed, it appeared
that they should be used instead of the crude and difficult-to-interpret
earth-potential measurements. ‘Conseqdenfly, a recommendation was made
to drop the subtask and the small effort under way was stopped very

earlyﬂin the progranm.

G. Subtask 6: Frequency Prediction

1. General

Since in virtually all practical situations where HF field radios
are used fqr short~range communication in tropical areas, & path via
the ionosphere is utilized, prediction techpiques\can be used to deter-
mine optimum frequency assignments. The United States Army publishes
a set of predictions comprtted for ioncspheric conditions over southeast

Asia,3

Radio propagation predictions are derived from werld-wide maps of
critical frequencies and ionospheric height .* The predictiohs give
calculated average values of maximum useful frequency (MUF) and lowest
useful frequency (IUF).%:® Actual values can deviate considerably from
predicted values. An invesﬁigation of the difference between predictions
and the actual values of MUF-IUF was deemed desirable. Also, since
ionospheric maps cgvéiing Thailand have been b»ased upon data from distant
verticalﬂiﬁcidencé sounders, the presence of a nearby vertical sounder

was recommended (see Sec. IV-I.)

2. Work Undertaken

A detalled review of the factors used in the computation of pre-
dictions was undertaken with the objective of inmproving predictions in
local southeast Asia, with particular emphasis on Thailand.

Under Subtask 6, several specific frequency-predicvion computa-
tions were made by USASRPA and SRI for military exercises in Thailand.
For example, Exurcise Kitti 07 was e large-scale maneuver covering ail
of Thailand and designed to improve the aliility of the Thai Military

Forces to combat counterinsurgency problems. A wide variety of

40

L




U
R

g gy e

.

conminication problems were dealt wiih during the exercise, including

the operation of HF civcuits using AM voice, CW, and radio teletype,
Transnitter powers ranged trom 15 to 400 watts, and inany differont an-
tennas were employed. Propagation predictions were supplied by USASRPA
and SRI for circuits terminating at the locations shown in Fig. 7. Field
assistance was supplied during the exercise to instruct in the use of

propagation predicticons and assist in the;r'inteipretatiqn.

Afte® the networlk was installed, it was immediately put into opercsa-=
tional use, which made difficult the collection of accdraté performance
data. The SRI personnel available were not sufficient to cover and
monitor all major stations throughout the exercise. Normal field com=
munication logs did not provide sufficient det&il to peinmit evaluation
of propagation predictions. Consequently, no firm measure of the value

of the predictions to field operators could be obtained.

3. Plans for Future Work

Theoretical studies and the exemination of ionospheric data will
continue. Many months of ionospheric data must be accumulated before.
the accuracy of prediction techniques can be adequately evaldated. A\
C-2 data reports planned under Subtask 8 will provide the major data
base, although data obtained from all subtasks will be used.

It is anticipated that occesional special predictions for communi-

cation circuits within Thailand will be produced.

H. Subtask 7: _Antenna Terrain Effects

1. General

It was recognized that terrain and tropical vegetation would affect

the radiation pattern of antennas employed in b~th VHF and HF field radio
sets. The effect on patterns is complex, Understanding of it requires
that the radiation pattern of a field antenna e known, the details. of
the earth's surface in the immedirte vicinity of the antenna be under=-
stood, and the effect on the radiation pattern when the anterna is im-

mersed in a tropical forest be determined.
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2, Work Undertakern

While a considér#ble body of data exists enabling one to estimate
the patterns of dipole and whip antonnas,hno reference could be found
_ concerning the patterns of the widely used slant-wire antennas with
.- ; counterpoise. Consequently;~a brief measurement Jrfogram wWas undertakeﬂ

.16 measure patterns: of scale-mosél siant-wire antennas.

f:“ - . 3. Early COnc}usions

The measurements indicated that slant-wire antennas will generally
- " have a null at high and low take=cff angles. The null in the pattern at
near-verticel radiation angles raises serious doubt concerning the usabil-
ity -of the slar -wire antenna for field communication in tropical forest
. : BLEHH

‘1Far§her investigation into the characteristics of selected slant-

wire antenna designs that are in field use has indicated that the ratio

N

vetween the length of the counterpoise and the length of the radiator is
critical and if improperly chosen can result in loss of efficlency due to

~ high dissipation in the counterpoise.

4., TFuture Work

Several discussionis were held between ARPA, USAEL, and SR? -epre-
sentatives concerning the direct fui’-scale measurement of the effective
gntenna patterns immersed in a forest area. Stanford Reséarch Institute's
g "Xeledop'' full-scale pattern measurement technique is idéal for such &

measurement, It could provide direct answers to such questions as:

(1) 1Is attenuation from tropical forest affected by polérization?

(2) Is there sufficient attenuation of low-angle radiation of
antennas immersed in tropical vegetation to be a factor in
reducing the possibility of HF transmissions being
motiitored? ’

(3) 1Is there sulficient attenuation of low-angle signals to
raeduce-the possibility of direction finding by distant
enamy installations?

(4} 1Is there sufficient attenuation of low-angle signals to
significantly reduce the interference levels in HF field
redios caused hy long-distance high-power stations?
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(5) 1s there sufficient attenuation of low ngle radio noise
energy to significantly reduce receiver noise levels of
HF stations with antennas immersed in a forest?

These questions imply that advantages might result from the deliber-

ate placement of short-range HF field radio stations in dense forest areas

rather than in open fields, when such a choice is availlable. Studies
and measurements to investigate such possibilities are desirable, and
detailed plans are being formulated fox review bv USAEL_and &WPA repre-~

Ve

sentatives.

I. 5Subtask 8: Flutter Fading

1. General

The experience of NBS workers in Africa, of Voice of Amexica inve§~
tigations, and of other scientific explorations has shown that perturbsa-
tions of both frequency and amplitude components of a transmitted signal
(commonly called flutter fading) occur near the magnetic equator. Flut-
ter fading is similar to the auroral sputter commonly observed in polar
regions. It can affect the intelligibility of both voice and CW signals
from field radios.

Since flutter fading bas not been extensively studied in southeast
Aslia, little has bcen known regarding its frequency o2 occurrence and

its geographi¢ variations.

2, Work Undertakei

During the period covernd by this report, a comprehensive review
has been made of all experiments and measurements on flutter fading (see
comments on the literature survey in Sec. V), and conferences have “een
held with many of the participants in past work. Techniques for the

systematic measurements of flutter fading have been explored.

3. Reconmendation

A recommendatic 1 has been made to ARPA and USAEL that a flutter-
fading receiving system similar to that used by the Boulder Laboratoxv
of NBS be provided for Thailand.
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J. Subtask 9: Vertical-Incidence lonospheric Measurements

As discussed in Sec. II, a cooperative effort by USAEL and USASRPA
resulted in the availability of a C-2 vertical-incidence sounder housed

in a van.

1. Work Accomplished

Assistance was supplied by SRI to USASRPA in providing lgng, fill-
ing the land, pouring a concrete pad for the sounder van, crecting the
antenna tower, providing spare parts, etc. Data scaled by USASRPA tech-~
nicians have been placed in convenient tabular forms consigtent with

URSI standards by SRI personnel.

2. Plans for Future Work

Monthly data reports are planned so that long-term data can be con-
veniently available. Arrangemeuncs have been made to exchange data with
other organizations in southeast Asia so that geographic variations of

ionospheric phenomena can be studied.

K., Subtask 10: Oblique-Incidence Ionospheric Measurements

1, Background

During tb early field test stages of Subtasx 1, it becume apparent
that an oblique-incidence sounder would be a valuable tool if installed
directly in parallel with the test path. The oblique sounder would

provide:

(1) Positive rasolution, identification, and measurement of
each propagation path, through short-pulse time measure-
ments

(2) An on-the-spot real-time measurement of ionospheric
stability so that tests could be stopped during storms
or, if they were not stopped, so that data could be
preperly evaluated

(3) Positive measurement of spread-F conditions, which re-
£ * in both time and frequency distorticn of signals
pi pagated via the ionosphere, (A reduction of message
intelligibility can result from such conditions regard-
less of the type of set under test,)
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(». Comparisons of performance of various auntennas by auto-
motically switching from one to another and recoxding
the amplitude of received signal of each frequeancy chan-
nel of the sounder

(5) An educational device to demonstrate details of the nature
~f the propagation path between two locations a short
distance apart.

2., Work Undertaken

To gain some experience in the operatioa of an oblique-incidence
sounder over a very short distance, an existing transmitter was operated
at Menlo Park, Californid, and a sounder receiver was operated at the
Mountain View, California field site., The separation was about 5 miles.
Both dipole and whip antennas were employed. The terrain between the
sites is very flat and contains the built-up areas of Palo Alto and

Mountain View,
3. Results

While no conclusions concerning tropical communications were ob-
tained during the brief test, it was apparent that sky-wave transmission
was the strongest mode most of the time. Multiple-hop sky-wave was also
observed. The giround wave was wesk but readable and clearly zeparable

from the sky-wave signals.

4, Plans for Future VWork

Discussions are under way between SRI and USAEL congerning the
availability of cblique-incidence sounders for use in the forest areéas
of Thailapd. No further action can be taken until the availability of

sounders is determined.

L. Subtask 115 Technical Assistance

1, Objectives
Since the MRDC Electronics Laboratory has placed in Thailand a

modern, well equipped electronics research and measurement facility, it
was anticipated that 2 variety of small tasks would arise requiring con=-

sulting, study, or possibly equipmeni modification efforts.
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2. Activities
Exemples of activities that have arisen'are:
(1) Conduct of & test equipment calibration, maintenance, and

repair clsss for Thai military technicians

g (2) Conferences with Chulalongkorn University .staff members
to discuss their research problems and plans

(3) Occasional loan of scientific equipment to Chulalongkorn
University projects.

M. Subtask 12: Special Investigations

No special investigations of consequence wére undertaken. Since
the objectives of Subtask 12 and Subtask 11 are substantially similar,
it is recommended that Subtask 12 be dropped.
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V SUMMARY OF REPORTS PUBLISHED

All required monthly progress reports for the period covered by

this report have been submitted. These reports covered the efforts of
both Task I and Task II.

In addition to the monthly reports, Task I and Task II have jointly

-Annual Report 1 and Semi-Annual Report 2, summarizing
x~month period r.spec-

submitted Semi
work accémplrshed~durfng the first and second si

tively.

Task II has completed the Research Memqrandumé*listed below, with

abstracts, covering work on specific technical areas under investigation:

Research Memorandum 2, "Voice Tests on Man-Pack Radios in &

Tropical Environment,"” by W. R, Vincent (July 1963).

ABSTRACT

Under the direction of the Advanced Research Projects Agency
and the United States Army Electronic Research and Development
Laboratory, Stanford Research Institute conducied & field test
progra: to compare the performance of gelected man-pack radio
gets under various tropical terrain and weather conditlons.
Initial steps had already been taken to establish a Tropical
Communication Laboratory as part of-the Combat Development

and Test Center (CDIC) in Thailand. The formation of the basic
laboratory and. the sssignment of personnel were hastened to
accomplish the desired field tests.

This report describes the results of voice tests on the
selected man-pack radio sets in a tropical fcoest environment,
it will bé followed by zéports on The performance of the

sets in other terrain eitvironments,

Research Memorandum 3, "rield Tests on Man-Pack Radios in a

Tropical Environment,"” by W. R. Vinesnt (July 1962).

* i .
These repcrts chould have been issued as Special Technical Reporte;
future »<ports in this series will be called Special Technical Reports.
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ABSTRACT

Under the direction of the Advanced Research Projects Agency
and the United States Army Electronic Research and Development
Laboratory, Stanford Research Institute conducted a field test
program to compare the performance of selected man-pack radio
gets under various tropical terrain, vegetation, and weather
conditions. Research Memorandum 2 under this contract describes
results obtained in a tropical forest areca. This memorandum
contains data on all tests completed to its date of issue,
incliuding those data presented in Research Memorandum 2, so
that all test data can be available in one report and compari=

sons can he made.

Initial steps had been taken to establish & Communication Labora-
tory as a portion of the Combat Development and Test Center
(cDTC) in Thailand. The formation of the basic laboratory was
hastened and personnel assignmencs altered to provide adequate
field test crews. Laboratory equipment did not become avail-
able to support the field effort until the later stages of the
test progr--  However, the availebility of a central head-
quarters, .emporary lakoratory, and the meager repair facil-
ities and support did facilitate the field tests somewhat,

This report describes the resulis of voice and CW tests on
selected man-pack sets. Tests were conducted in the tropicai
forest area in southern Phailand, the rice paddy area of the
low delta region near Sangkok, arid the mountains about 100

miles north of Bangkok.

Research Memorandum 4, "scale-Model Measurements on a Sloping-

Wiré Antenna," by T. 8. Cory (June 1963) .

ABSTRACT

I aatll

Radiation patterns of a 1:100-scale model of an end-fed sloping~-
wire antenna have been measured, The model antenna was made to
simulate a tactical HF (3-to-8~Mc) communication antenna used
with the AN/TRC-77 radio set. Such’an antenna is of particular
interest for tactical jungle communications where near~vertical
propagation is pertinent rather than ground=wave.

The actual antenna, in addition to the sloping radiator, comes
with two 50~-foot / dunterpoise radials separated by 90 degrees
on the ground. Since the model was measured in the presence
of métal ground surfaces, the effect of the counterpoise on
the radiation patterns is not shown. Because the radistor
1tself is electrically short (0,076-0.203 AJ, the counteérpoise
A5 expected to improve the radiation efficiency and to have

a minimal effect on the radiation patterns.
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On a scale-model basis, it is difficult to be more precise about
the patterns than is indicated in this report, because of the
difficulty in scaling ground constants. It is possible to meas-~
ure the iree-space patterns of a symmetric sloping-wire struc-~
ture in free space and reflect this mathematically into a ground
geometry thnat may be controlied. This latter approach is cur-
rently being investigated, along with an experimental program to
determine the location of effective ground with respect to the
earth's surface As near-vertical radiation is of primar,  in-
terest, the geometrical optics approach of ground reflection

is expected te yield useful aunswers. Netr grazing for vertical
polaidzation, the geometrical optics technique breaks. down, and
the roflection must be considered as & diffraction problen.

The sloping-wire-antenna patterns were measured in the presence
of a plane metallié¢ reflecting ground, and in the presence of
a 25-degree conical hill, Elevation-plane patterns were ob-

tained for two orthogonal polarizationms.

Reseaich Memorandum 5, 'Ovientation of Linearly Polarized HF
Antennas for Short-Path Communication via the Ionosphere.£;3r~the Geo-

magneti¢ Equator,' by G. H. Hagn (August 1963).

ABSTRACT

This report suggests that there is an optimum orientation for
linearly polarized antennas used on short ionospheric paths
near the geomagnetic equator,. Considerstion of the magneto-
ionic theory and its applicaticn to antenna-to-medium coupling
problems indicate that aligning such antennas parallel to the
earth's magnetic field will maximize signal strength while
mininilzing polarization fading. Such orientations may inter-
cept less interference than vertically polarized antennas.

1f this is true, the signal-to-noise ratic would be maximized
and the orientation would be truly optimum, Experiments to
test these hypotheses are outlinéd.

In addition to these published repogts, several reports are currently
in varicus stages of preparation., Examples of these are (1) a revision
and updating of Research Memorandum 5, (2) a survey of the literature on
equator ial communication, {(3) a report entitled "Absorption of Iono-
spherically Propagated HF Radio Waves under Conditions Where the QT
Approximation is Valid,"” and (4) monthly vertical-incidenco sounder

dats reporxtis.
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