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~-'\RMY HITMAN IKN( I NEER ING LABORATORY CONIMUNI CATTONS

Sl;RVFY-A P ILOT STIbI)Y ( HELCOMS,-PS)

FXECI'TI !E SMmARY

cn':i r oh -ind April 1 l'81, 9 hours of vol co raio traffic were cnI-

I t, it ial T ra ining (MTC) vxe rci ss in 1-ort Irwi 1, CA. The 9 hours

wi- M l Iives non-conqvstut i 'o one -hon r samples 5 Ci yer in pea1k period0(

I t- r be !Ao rn-iain! net s of two iank ennipanipes, two inoliani zed iof ant rv

"P 'Pq vd ),ne mochailzed i of nt rv bat taion task fore. c*ach of the
hon q Auslil Iv and siih Vetivelv chosen on the hasis of intellitgi-
Ki IjV I I n1 act ivi tv. This limited traiffic snilo underwent a detai led

tr iirv Anlvnis. The results of that explorit orr :,nalvsis , tit led the
It i ' iorli laboritory Commiinications-Pi lot Stiodv (MEWIMl~S-l'S) , are-

I1 i n t his re po rt .

l ,o t qstud',v wi q con ductred ton I den t i f v hu man norrform. Inco ies o f
t ic ic idi coinmni c--itlons. Acn this pi lot stud'' inv)l ves I limit ed

i',it woulId not he :udvt:;ahl e to draw any fi rm '010 i ions from

1hp ' 1'Iirivs list ed below.

or Pq survevod "sed thei r nets About 2 1 percent of tHe time , Yet-

-Ieq t iei for a gi von vtiat ion on net- wasi, !R seconds. This c-on-
t ietw iin-i.'( tanc ror coiplIed wi th to l ,1one, r ai t im-, is

-Ain, iters rr situl t:uloomfs t to moorho ne,'.

I TI Anan el lsis r(Weilt-1 that within :1n0 compaiiv the cvim"Iila-
inn In l'r not usage t imp tendod to he i nvrsely promort 0031 t oi

itI'-,i'qv or interrrio'ne imjpactel heav! lv on tr insmi Wson
0" ';q Porcett of a!ll t rinqmissionns wore lo1st hip to i qterference.

! : in it i wore tho groat ot interforonco Fact nrn;. An in-depth
vi. I o' rercewould he r.'qired- tn determinte the -,peci f ic na t (iire

e n~ v V n',ei monme nt o In unma d e) a nd tho deg ,r eeoo f tinpa ct on

;r.'p I o q;mp e, 6~ 5 percentI of thlQ transm is si1on a rtempt s re sulIted i n
itn r i-missions. An nverlivp of- 21 percenrt ot net iqsape i nvol ved

I'r 1nMli ionq. Thne m-an r ra~nqmli,iq n 1 -nrinh w "n W. qerondq.

-&"nl trriqsminslon I imsio And men!' tin rni :irn lonI'ths were
' ~ , I I , s; t lit f i ye nfet s so rvevelj

i All i vi i .i I I-h ot r qamn I o q t e n1 mnni r. t qu m"F c ci P q q t

f -d t oi lnCr': i s', t ho numbe r oi I Atr omp: is isc I ' ;1' (,)r
io hardir the users t rie d the lecss ic oesf'il t he-v wfr'



One hun-ired twenty-four nvssages were transmitted during the toti1 5
hours. The range among one-hour samples was rather large (i.e., 19-I).

Messages were found to break down into nine subject categories with

command and control as the main subject in thv 5 hours (i.e., 34 percent).

The ejan-ed time for messages in each l-hour sample tended to decrease

hen rhe actual t-ransmtssion time increased. Tt could be concluded that

the longer transmission time was attributable to "doing one'.s thinking"

wHle transmitting, whereas, the longer elapsed time (longer pauises between

transmissions) could he attribu'able to "doing one's thinking" between

transmiss inns.

There was an ohvious disregard for proper militarv termino log ai,,
proper procerlure words.

Fittv-two percent of all successful transmit time was Involved with

-a11 si i-; and related procedures. The 52 percent included a lot of
'home-mad,' short cuts on the part of the users. If the users had followed

tne rorrect procedure, it was estimated that the net usage Factor would
h)ive inicreased from 2q to /,3 percent with a corresnonding expected wait

t ine iicrease from )R to 49 seconds.

"" - . . .' . - - - . - . ' ,, - - . - ,'.i.2 ' "-



US ARMY HUMAN ENGINEERING LABORATORY COMMUNICATIONS

SURVEY-A PILOT STUDY (HELCOMS-PS)

; 'Ro ) l1 CT I oN

A briet literature review and discussions with the cognizant offices j
,)I T<AIk)C Systems Manager (TSM) and Project Managers Office, Single Channel
,roond and Airborne Radio System (PMO-SINGARS) led to the determination
that tactical radto traffic is currently receiving no more Lhan a cursory
aalgyi,;. It was further determined that an in-depth anal y,i is of such
trflljc might provide some excellent human performance data; therelIore,
rhV,. piLot study was initiated to evaluate the feasibility ol a detailed
,iail';i Il iding to follow-on concentrated studies of those human factors
i~p,'t~(t tactical radio communications which appear to degrade the

ct,-:tivenes, and efficiency of field communications.

1 he objective of HELCOMS-PS was to conduct an exploratory in-depth
i f recorded tactical radio communications to see if quantitatively

trends and Indicators could be identified which would provide
iito human performance in the field communications environmeut.

- o pin-ofts perceived were an increased understanding of user
11 jil e r,,its, equipnent design improvements, radio procedure (training)
I .pive.iiLst, and support/reinforcement of other study efforts.

4ir I i in t

I ,irt i,' tpant s in this pilot study were military personnel operating on
vke radlo nets sampled. The nets contained between 3 to 17 station
illomentt 3, Table IC, Appendix C) with normally one operator per

tit i,,'. The paarticipants were members of an armor battalion and a

, Id I ufaot ry battal ion organized to form an armor-heavy task force
J cl 'oil ,,,',1 Icfantry heavy task force, respectively. At the time of

te f.,ttt illection, these units were undergoing near realistic bat tIe
S wi, hdirin, -'chcdoled training exercisesi at the National Training
,'t,,r (' :), Fort Irwin, CA. Specific unit and individ'al identities have

wit held trom this report per NTC request.

, , : : . " 5



Ap pa ra t us

rhe participants used the AN/VRC-12 series of FM radio sets without
secure voice equipment for communicat ions. Their traffic was recorded by a
40-channel Veritrac Model 5000 Voice Communications Recording System.
Cassette copies of select traffic samples were made from the Veritrac for
data reduction tasks.

No unique apparatus was employed for the data reduction tasks. Time
daita were obtained using a pushbutton, momenta ry-ac tion switch connected to
a Hewlett Packard' Model 98'3nA computer. The computer was programmed to
produce a printout of the time between switch activations. Narrative
t raft ic wais t a1cribed m.-ntrally

To i al C -- ntnl at ions from peak traffic periods were selected an'd
recordei ori casset t . The select ion included five 1-hour sainples from a
totail of 15 hours of recorded radio traffic (Table 1), with peak intensity
,it the 3i)-Tlinute point. qamTnIes were subjectively chosen on the basis of
i-irliioihil itv and net activity during peak traffic periods. A transcript
of the' narrative and time dati wa.-i produced for all 5 hours of traffic ind
ct-~n atnalyzed from several different perspectives (see Results and

Dic-ii ).Anapetranscript along with associated descriptive

material are provided in Appendix B.

One ) t~ie .aain constraiints placed upon this effort was the requirement
to con~Ni~t tOte lIELCOMS-PS without any inter ference to the NTC traintnt
misslonc.. Thu-re 'ore, it was not possible to collect certain complementary
dlata st:jhi-a. ratdio operator triiing and experience statistics, radito
rana iniice- :irat is, terrain profiles, etc. as part of the pilot study.

Fit, has- i rts irs, ire provided in Appendix C. These results were
anaily -. I md tien organi zed into composite find ings discussed below. It
shloil I hec noted thit these findings have been derived from a limited sample
frame -ie(5 booirs) ind are, therefore, not to be interpreted as
conc lus i ccts. 'They do, however, point out those aspects worthby of further
ifiveqtid/ition in fa)llow-on studies.

:1 ,1t),,;,ry iilu, ini Appendix A. Notes; of explaniat ion are also
rrvfdi I in thef Re-otilt, tud Ds mt Section where necems.try. TaI e 2
ii,;,) aot iis des, ript ion of a mes;sageo ind its elenents, ahich the reader
hi I 1w i' vi lfir wilt before reviwfiig tho ffindings describedL belIow.

For a 'et i 't of rid!() telephone- procedure', see!F''

auitit itmt I-t I t'i ju ST 7 -180, Infaintry Gommunication Daita, PS A r -,

it~~ .y . .~ . . .. .i .t .e. .



TABLE I

Sarnple Size De'Scripiton

~~dnp le ~~Net Usod c c iEvrowlt

tfour. k)ic Tank Compainy Command Net Uf eI un;e

lor w.Tank Company Comind Not 0 1 enso
Iicr 1 ir~ eQ erh. In[U. Co. Comtiand Ne rOc Deese

Aour !-3nkr Bn. Task Force Command Net Off e Ise

1lour Five Mech. Inf. Co. Command Net of fense

TA BLEF 2

Sample Mossage

Ir S'-1i sis to I Purpose Me s l Ur EleuliL

'.Ui s Estab] ish ridto llenA i li; Ad Ieskc

V .. c conLtact.- Irtf).i -it t-

Ip I i). I'h i i Acknowledged receipt i1( l;1 d i Ig t Or i gi ito

) - ,conf I irms radito contact .Addre- see

IPA.~h9 Tranismit inforinit Lou Te x . nb j e (t

h k'' c 1I ~ t Ma LY r

8 I 4 A c knowl edpe rece 1 pt o lxtSbject
VW ' Ub jec t iaiLter and re- Mat ter

; I%(11 t' qjuest for -diioni
i oforinat ion.

w" ivf;.. :?itn~ to : t'xL and i*',d ug Subject

it. term Agt' .- - 1;; t L e V

i *-0t 1



Definit ion of terms (Message Elements)

Tactical radio communications involve a simple message form with a
mi~im of elements: originator (caller), addressee (receiver), subject
matter, and ending. A complete message normally consists of several
transmissions. A sample messige is shown in 'Fable 2; it Is treated as a

single mnessage containing one subject that is categorized under the title
"Situation Report." The sample message could have included numerous text
transmissions regarding enemy contact or Lransmissions related to other

caregorie4 such as casualties, exact position location, or enemy

initellig'ence. The sample messag ' could hove included some unsuccessful
trtnsmisq oins (i.e., exhibited interference) and were, therefore, possibly

repeted.

,'r the purposes of this report, a complete message is datimed as 'an
exc hange. f transmissions which ends when one or both stations vo lUt artly

,; t y !hie exchange of transmis ins for reasons pertinent to the subject-
1tt 1,r.' This would mean a message would be ended by the term "out" (for

e0 x :1',) rather than by some technical difficulty.

-igire I illustrates the structure of a message with the time elements
I dent II led.

Findi . : Net !s ige

Usso K, factor was defined aq the percent of time that the net was
,n'ctyieA foir all transmlssions (to include unsuccessful ones) during the

sample 1w'riod. The utilization factor for the five 1-hour periods ranged
fron 23.1 to 35.7 percent. The average usage factor was 29.2 percent or

about IH ninutes per hour. The expected wait time for a caller to access a

not was 2'4 'econdi. CalriI[,tlonn for the expected wait tine derivation are
des:ribed in Appendi 0 .

A oh ,.ctve nwalysis uf theu sample traffic indicated that peak
per l.A P.-:lt,., within the ,nc-hour .,,ijple of "peak period traffic." This

tct i .l-,,. to 'expi in the rlationhip bet.wee"n the seemingly Low usage

ftt or ra.'-;illts i d the relatively hih vxpeLtel atr i ne. In other words,
* 1,,r I i,. i were found whr-* everyone wanted t cen"WaI cat.e at the

.ti r ie. Th is phenomenon was H o ipptrent in the coilsiWer.thle amount of
interterewce 10011d (discussed lWt,r Iln this report).

.~i



Ii,~f' re Iid tor i ag t tf a I t ig a Ji 'i o it i ot It( ecrt ivt b y
[it, i ' I).rk i nt roduct in.i o C eIe ctr i it '

()v,rIrv : l t ht it oraiL i zit. t i f I r~if jo fno j, ow1), I , r e po we r til ra, to

t tr b i I,;u!t ec L- produced i ,.I rad I) ren-e. r by atmin p li c'

r or ii3mi t vlect ctI :iLI i nf tI I,, :v

L. t,rr. lc i don t s: 1h2 n..:nh-r '.f ti mi tefo occiii-red diii-i

r t' ii,, Lit Iti -i iii' t hs iti j c) w r c

ti r Task Fort t *, rct pmr to oe

' I LI t llt rV jild t A 11k C( rp, t1 1 1 oLl f i o si)ze1; 1 -d With 1 t le

I 'Ic of o nlpoii 1 e s be i. l~ it IclhI III V

c 11 1 i I tot r y [.ask Toeaim A t I or_ i 'i oa o IT,0f non 11, [ i Z t- d

ii~~~~hi I i z{ -p-itoi t t - t~ ~ if L1 rc y4 ~V eoioaoo

-A'in r W'uotp Ii t ty in plin, coded, or sec(:retL
P. Ir I 1 fti fo()rmi siujti hIot- fo r trI -i t ii - to by my1 noons of

N\ 1,roprT tlessage c-onI) it s o f LthrI r pt 1, rt heaid i iig , tex t,
i'lni i t -~ rt L .Irct s uhd iv id td I Ito0C comn 1 i' s wh Ic h a rc Fu1ir the r

-h, 1 4, Tie H It. (tthe exa inp e on 1)~; 7 t the report- teYt.)
m r -t d o t seve r,.. i: trinot iss ion-- .1:1 iormal ly ends with the

teo or i /,, ol T I: o r 00 p i I V Tt'S saa b,1o y so Ib j ectL
r J 11 1 'It Iooa Lcii I LteLI L 'tfICC 11.11-Ai~ M! ori II tiiro I e tc.

k tin K ii P r Vt ii~ce st~il flcs-i..;., trusit durn

-'Iic t ittlo r ii i t t.1 to'i ii i n o f LIe t i rStL

2 t r tI 'Alt i Itlo r o~i;-i i isa o tid

I.'I um ,- lI l l t t aso i111 h-o-p.'i L 2  tr it IsCAmi

I, e I If t I, It iot sec'wd 1k. ra t)i q 1)i1.
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GLOSSARY

i t-il Adl!ress: Procedure words used by the originator of a message to

I -,lie the call signjs of the addressee ind the originator ("Sierra 36,

t-ii i, Sierra 26")

SubeIJnrt Address: Procedure words used by the responding station ("This
is -ierra 36" or "Sierr 36").

Armor Task Force: A task orgaitzel force comprised of tank and ,iechaiinized
.,tfattry comianies. It is battilion sized with the majority of c,)npanies

hoti.; tmnks.

Armor Fisk Team: A task organized team of tanks and mechaniz,,d 1ra ,i.ry
,1' 1,05. It is company size,] with the majority of platoons being aks.

- ,,-id iid Control Activities: Activities at a unit level that were
eirited at iother level; i.e., a directive frow the battalion commander

,r ,lre r ) , trrin misst,)ns at the company and pl.itonl levels.

End;,ig: Pr,)cr, hire words used to indicate that the trasmitting station has
,:,)mpte .l i -t itement or terminated a message ("Over," "Out," "Roger,

over, "Roger, ,it, or "Wilco, out"). "Wait" is sometimes used for the
p)rpsu it apie .

.xpected Wait Ti,': The amount of time a given station on a radio net is
expe.tri l 1 1 a~it" to uise the net.

Il-inmatic Dialogue Patterns: Any dialogue trends in segments of the user

populait)n which adversely impact on transintission effectiveness.

Interference: Natural or m-anrmade factors which interrupt or interfere with
rad -ansissions. The OxforA Anerican Dictionary defines iiterference
In a nore linited sense a.; the fading of received signals becii, e of static
or i w;irted signals. The irLonary definition was not applied in this

report as it fails to account for all factors; e.g., terrain and vehicle
moveneerit nay also cause inter fer-,-ce.

r ack und Noise: Intrusive sound that liir:,r[eres with received or

recor,hlt'1 electroumic signials.

Broke,/C, : Not complete or foIl ; interrupted or discont inued radio

w;i; 4hich r,_nder a transmission or iiessage to be incorrect or

G;:rhlf': An err,r ii transmis,3ion, receptio., encryption, or decryption
wht h renders i ; 's,,s' ge or tran';nisston incorrect or undecipherable;
ml ,.rmtLion or distrtioi tat creates i wrong impression or a change in
Tie mn i .i,,

22
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3. Analyzing concurrent command net samples fron several levels of
coimiand to evaluate the effectiveness of reports/directives passlig up/down
counilld echelons.

4. Analyzing station workload condition- where multiple net
involvement is required.

In addition to the specific objectives noted above, the results of
tlis pilot survey have indicated that the effect of net discipline, cal t

iA- r trcture, and radio operator procedures should receive further
evltiIiLL b. Of these, call signs and associated procedures are considered
a priority candidate for further study as they were found to consume over
50 percent of transmit time.

195



29% T
2%Ts

Ew = 28 SECONDS

Tu = USAGE TIME Ts = SUCCESSFUL TRANSMISSION TIME
Tcs = CALL SIGN TIME Ew EXPECTED WAIT TIME

Figure R. (ill sign time.

This Large expenditure of traisnissIon time that is dedicated to call

igns suggests that improve ent i:i this area are warranted. To support

li'i suggestion, a Lime analysis of the call sign procedures was made

rep ic iig the "homenade" word short cuts used with correct radio operator

pcocedlir,-s. The result was an estimated increase of the net usage factor

from 29 to 41 1 er,*2lt with a corresponding expected wait time increase from

20 to 49 sec BIdS.

')NClUS[LNS AND RECOMM NlAT[ONS

In this pilot survey a detailed xploratory analysis of a limited
voie, radio traffic sample was conducted. It Is concluded that the initial

irv,-y results indicite that furthe r si i i i.ir ideivo r ' 4ould be oeneFi ial

, the t vpe ot tr;if fi c performance parameters described in thi 7 report
r', ,, ,d, d po t st ; of ana lysis in fato re endeavo rs m ig ht inc lude the

1 . ,\ n a l y z i~ j ', lI ,I ,,l i i 'i , ' e f I , , r i v --e s s .

2. Analyzing the impact of Ai -;-;to, )rtented Protective Posture (>1PP)

tor cod, r I t O .ns on Co onM rii t c ,ii ,ii t iv,!nes,;.

.. . .



Sdet iled review of the transcripts was conducted to determinlne to
what exteit, if .liy, peculiar langtiage patteros or words are iii pract ice;
e.g., geographic.al slang; or citizen's band (C11) jurgn. Only seven such
cAses were fouil i a the total 5 hours. This was not cons iL, re, to be
particularly signilflcant, especitally since they were isolir e.t -ases. The
tloriqs used in those cises were eaunplts of ions tandard mi Ii i ry t-- riuii,)Logy
which are desc r i bed ihove.

Omitted Pructehtre Words: An examlnation of the 5 hours of trif fic
,tiled that transmissions did not always include the address and endiilg

prd,),',dtre words. Table 5 provides .i recap of omitted procedure words in
>.','ss ful trainisnn sqions. The data provided in the table showed that 76

percent of all successful transmissions in 5 hours of recorded radio
traffic included procedural errors (i.e., 879 (16-Y+358+352) ot 1,163 equals
tiie 5-hour totil for successful transmissions). Thirty percent (352-
1,1h3) ot the successful transmissions had no address irid Io ending.

TABLE 5

Categories of Interference by Percent

Hour 01 Hour #2 Hour t3 Hour #4 Hour #5

67 73 80 4 10

w , 1 (d, 6( 0 2 22
iir,)k, ri/rut 9 8 20 20 29

.ItIt ic 18 6 0 68 5

0 13 0 0 3

ck,'r,,Iind "ois 0 0 0 6 31

" St 1 6 The tine required to transmit call signs took. up a
i,,lI nit portioi of usage time. As illustrated in Figure 8, call sign
i ( cs) consumed I I percent of the simple time. Even more

I ' , ,'ill sign time represented 52 percent of the successful
,t I, I ioi t in (Ts). This uonopoly of transmission time by call signs

ilr iltily significant considering the fact that the call sign
) ), ir.. , lhs rv,:ed were frequent ly abbreviated , followed nons andard

)r iv , ,.-, a~ind wer., sonet ies disregarded altogetiior. This disregard for
! . I i.; ippearo.I to present only minor problens dtiri i" periods of light

t('tivitv ,r low triffic density because of voice famrtliartty; however,
drrln, periods of intense activity or high traffic density some confusion
r,, ,- l I ,md even w rr tnted querie tbout who was tr, is li tii'

17



TABLE 4

Message Subject Matter Categories

C itegory Net Net Net Net Net
(dour) #1 (Hour) #2 (Hour) #3 (Hour) #4 (Hour) #5

Command and Control 18 47 11 26 16 46 5 16 9 36
Intelligence 6 16 11 26 4 11 9 28 3 12
Position Location 4 11 4 9 7 20 3 9 3 12

Situation Report 2 5 4 9 4 11 6 19 5 20
Casualty (Equipment) 7 18 5 12 3 9 3 9 1 4
Casualty (Personnel) 0 0 7 16 0 0 2 6 0 0
Radio Check 1 3 1 2 () 0 0 0 0 0
Fire Support 0 0 0 0 1 3 0 0 0 0
Commun cat ions

Instructions 0 0 0 0 0 0 4 13 4 16

Totals 38 t0 43 100 35 100 32 10 25 100

Noi e: Total for each net could exceed the message success rate because ,m..,
messages addressed more than one of the specified categories.

5 % CASUALTY REPORT 5 % COMMO INSTRUCTIONS
(PERSONNEL)-

I % RADIO CHECK

1 % FIRE SUPPORT,...-,REQUEST

11% 34%
CASUALTY REPORT COMMAND AND

(EQUIPMENT) CONTROL

INTELLIGENCE

St0r ,t 'f . TI ~ i ivf-hollr total.

S - . • " i . . . . - . --:



77 -7 47 --

Finding: Message Subject Matter

Message subject matter results are shown in Table 4. The 5-hour
composite is depicted in Figure 7. Over one-third of the subject matter
concertied command control activities and when combined with the
fito[[igence category, these activities made up over half of the total.
Specific nets were found to devote a greater percentage of their times to
varying subjects. For example, Net #3's station location reporting
occurred twice as frequently as the other nets. This appeared to he caused

by the tight control exercised by the company commander which was in a
static (defensive) situation in contrast to the other units which were
involved in fluid (offensive) operations. One would normally expect less

position location reporting in a static situation.

Finding: Dia logti Patterns

Nonstandard Practice: The 5 hours of traffic were filled with
lionstandird terminology, procedures, and call signs. Transmissions also
frequently lacked specificity and contained profanity.

Examples of nonstandard terminology, procedures, and call signs are
listed below. Each example was a complete transmission.

I. "Your dime."

2. "Goin down the road."

3. "David, do you hear me?"

4. "You were walked on."

Examples of ambiguous or nonspecific comments include (complete
verbitln transmissions).

1. "Edge around the corner."

2. "Move forward t little bit more."

3. "Goiri down the roid."

4. We lost anything yet?"

5. "Contart, contact!"

0Ifrct ion and 1tiit1, Instruct ions frequently included "right" and
""up amid "bck," aid "a little bit" or "more." Confusion and

r rui-,missious were geuivrit d by such terminology in situations
wtre ri. ;mi meant ,,tst to the origin.itor ind west to the addressee and

Il tI I,: hit" meiaint 1(00 metatrs to the originator and one vehicle
lmgrh to the addressee.

15



transmission attempts and the interference factor had little impact on
transmission success. However, a better explanation would be that
transmission attempts and the interference factor tended to cancel each
other; i.e., those sample periods that had the greater interference factor
forced a greater number of transmission attempts to achieve the saae
quantity of success. If the latter interpretation of the figures is
correct, then the next phenomenon to be questioned is why did all of the
sample hours peak at relatively the same successful transmission quantity
level? That phenomenon is possibly the saturation level for a single
channel queue of the characteristics involved. A larger sample size would
answer the question.

Finding: Keyed Microphone

Keyed microphones (circumstances where a microphone was keyed but no
voice transmission followed) occurred 115 times iii the 5-hour total. These
appeared to be mostly an abbreviated signaling procedure application or
out-of-range transmissions. Keyed microphones were not counted as

transmissions.

Finding: Message Rates

One hundred twenty-four messages were successfully transmitted during
the 5-hour total with a range of 19-30 per sample hour. The mean message
transmit time was 19 seconds with a range of 3-75 seconds. The mean
nes:;age elapsed time was 34 seconds with a range of 3-226 seconds. As
shown in figure 1, elapsed time includes both transmission time and time

between transmissions.

The elapsed time for messages in each one-hour sample tended to
decrease with an increase in actual transmission time. It could be
concluded that the longer transmission time was attributable to "doing
one's thinking" while transmitting, whereas, the longer elapsed tLime
(longer pauses between transmissions) could be attributable to "doing one's
thinking" between transmissions. The latter appeared to be the more
effective practice because it provided better security and reduced power
consumption through shorter transmission times.

The message success rates for hours 03 and #5 were probably higher
than evidenced on the recordings. The recordings included one-way
conversations. That is, in a two-way conversation, one of the station's
transinissions was either not recorded because of the distance or terrain,
or the transmissions were blocked out by interference. The other station's

transmissions were recorded and it was clearly obvious, by the nature of
the recorded transmissions, that a complete conversation (message) had
taken pla4-e. Such one-way conversations were not counted as successful

messages in the analysis.

4]
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TABLE 3

Siiccesful Transmissions and Time Factorq

Hour Hour Hour Hour Houir Av e rase

#1 #2 it 3 '

Numhr'r of Transmi ssions 276 19q6 2()0 241, 246 233

Mein Trainsmit Time (Sec) 2.6 3.8 3.8 3.2 3.2 3.3
Ranigt Transmit Time (Svc-) 1-16 1-26 1-21 1-14 1-112

000/-

90 -84

8 0

70
62 62

*60 56

* 50

4340 3
363

30 
3

22
20

10 7

0
4HOUR HOUR HOUR HOUR HOUR

SAMPLE HOURS

SUCCESSFUL ATTEMPTS (% OF TOTAL ATTEMPTS)
* ~ INTERFERENCE FACTOR (% OF SUCCESSFUL AND UNSUCCESSFUL

TRANSMISSIONS INTERFERRED WITH)

r~ ~r, ~r'ce~';tl1ittptiver-ou- intorforonre factor.



20-

lB 18 EJHOUR#[
16 - HOUR#2

14 - HOUR#3

I- 12
z
w 10

*0 10 9 9
wa-. 8 T 7

6

0--
COMPANY PLATOON COMPANY MEMBERS

COMMANDER LEADERS (CUMULATIVE)
(CUMULATIVE)

STATION
PFgmire 2. Station usage.

BROKEN /CUT

6%

STATIC

Flir.. 'I. lntorffer o: Fivp-hour total.*



Finding: Station Usage

Station usage is the amount of time, expressed in percent, that a

particular stati transmitted on the net during a sample hour. Station
usage data were computed only for the first three sample hours due to the
cost of data analysis. The high for station usage was 18 percent. The
average station usage was 3 percent. Some stations were identified that
were known to exist in the net hut did not transmit at all during the
sample period.

Figure 2 shows that in two of the sample hours the company commander
and platoon leaders used the net approximately the same amount of time. In
the third sample hour, however, the company commander used the net much
more than anyone else. Reviewing the narrative traffic, it was found that
this particular company commander gave a lot of direction and exercised
strict control of the net, but received very little feedback from sub-
ordinates. If permitted, in future similar efforts it would be interesting
to compare such statistics to the unit', performance evaluation.

Finding: InLerference

The high frequency of interference impacted heavily on transmission
success. Five hundred twenty interference incidents occurred during the 5
hour total. The interference factor (number of interference events per
transmission attempts) ranged from 7 to 43 percent for individual sample
hours with a 5-hour average of 31 percent. Interference included garbled
words, broken transmissions, overrides, static, background noise, and
apparent jamming (see Appendix A, Glossary, for definitions). Figure 3
shows the categories of interference In percent for the 5 hours of traffic.
Since the types of interference could be attributable to any of several
factors (i.e., equipment, environment, radic/telephone procedures), no
specific conclusions could be drawn. Without a more detailed study of
interference, one could only speculate about the specific causes of the
interference. For example, garble and static could have been caused by
equipment or the environment. Override and broken (interrupted)
transmissions could have been caused by human error or equipment.

The percent of time that all transmission were interferred with is
shown in Figure 4. The percent of successful transmissions increased when

4 the interference factor decreased.

Finding: Tr;-.!i nission Rates

For the total 5 houirs, there were 1781 attemnts to tranqmit and 1163
successful tr:nsmissions. Table 3 show, that the number of successful
trai ;nlssions and the mean Lransmission time were rather consistent across
the five nets surveyed. This Is interesting in light of the previously
notel tra,lsmission attempt and interference factor sample-hour variances
illustrated in Figure 4. To better illustrite this point, the data shown
in Table, 3 and Figure 4 lhv- been reillustrated in Figures 5 and 6 to
better depict their rt'lationships whure it would appear that variances in

K
" -- " - ., .,, ' llt.%. .....-. , ,. . . . .'. *.. ,nr,.i,



COMPLETE MESSAGE

TRANSMISSION: T I T 2 T3 T4 T 5

TRANSMISSION TIME: 1-*.I -i4 m

TIME BETWEEN
TRANSMISSIONS:

TOTAL MESSAGE _ _ _ __ _ _ __

ELAPSED TIME:

NOTE: TOTAL MESSAGE TRANSMIT TIME - T, + T2 + T3 + T4 + Ts

i , , I. M (, i , ,'t ru ct ur, t i me ; o:-- rs.

I-.', - o. -- ," "" -.- .i.'i ,i.. ' .I .. "i''i. " .i-"-.-... .- .: - "'-. -.- "-'"-,.,... .--. , '----



WI

-Procedure W'rd: A word used with ia .i tranismission or message in accordalice

- with proper radio-telephone procedtires; I.e., "Over," "Out," "Rogor,"
"Wilco, etc.

Sample Time: The amount of time from the first to the last transmission of
a rocordod siegment of tactical radio trafFic.

StationUsage: The pe-rcatage of time the rai o aet was used by a given
statiorn dur~ing the sample period.

*Transmisson: Coherent modulatioxi on the carrier signal of a radio 11et

toirough an active microphone; I.e., one with the push-to-talk (PTT) Switch

Successful - Transmission.: A rrmlsmission that is completed without
tinLerference (or Without sufficient Interference to preclude complet til of
the transmission) prior to reieaisIng the PTT switch. 4, successful
transuiission is normally etulel witl the proper procedure word "Over" or
"out. To be successful, a trainsflssion does not hive to be acknowledged.

U isuccessfui Triai-ioission: A tranfsmission that is not completed prior to
Ireleasing the PTT s-witch. Normally, some form of Interference precludes

the conpletiori of the trai~i-;si 33oa.

Successful Trais~nissiori Timre: The amount of tiie a radio net was used
*(occupied) for s ,iccessful transmissions during the sample tfiae.

Mfean TransiissitonLefl&th: The mean of times used In co-npieting the
- successful transmissions daring the sample time.

-Transmi-sionLenthRange: The mtiiimum aiid *niaxinin suiccessful transmissioni
ties during the sample time.

Usage 'Time_(Net) Thel tot i time that the radio nlet was occupied for all
transmissions (succeSsful and unsuccessful) durinig the ;,iiple tiie.

Usage Factor (Net): The percent of time that the radio net was occupied
for all transmissions (successful and unsuccessful) during the siuiplo r!..
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APPENDIX 8

RADIO NET GOMPOSIT[oN, DIAGRAM, ANDi TRANSCRIPT EXCERPTI

4FIc;iA,41Z/E ) INFANTRY TASK TEAM (COMPANY)
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RADIO NET COMPOSITION, DIAGRAM, AND TRANSCRIPT EXCERPT

MECHANIZEO INFANrRY TASK TEAM (COMPANY)

TAB i: i{adio Net Composition

1. Stations Normally on Net:

Call Sign Station

Zula 84 Deputy Commander

Zula 42 Executive Officer

Papa 49 Ist Platoon Leader

Sierra 49 2nd Platoon Leader

Mike 49 3rd Platoon Leader

Zulu 66 Fire Support Team

Zutu 61 Net Control Station

Zulu 95 Maintenance Officer

2. Other Stations on Net (made at least one transmission).

* Call Sign Assignment

X-ray 34 Battalion Tactical Operations C

Mike 36 lst Platoon Sergeant

Papa 49 Romeo Asst. Platoott Leader, Ist Platoon

Papa 99 Tank #3, Ist Platoon

3. St;Itions Not Fully Identified:

Call Sign Remarks

96 No prefix. An APO or a tank.

89 No prefix. Unidentified. Referred to

once. Not in CEOI.

32 No prefix. Tank or APC #2.

24 No prefix. Unidentffied. Referred to
twice. Not [i (Eh [.

I



TAB 2: Sample Radio Net Diagram

Mechanized Infantry Task Team (Company)

1st Plat 2nd Plat 3rd Plat Fire Support
(Armor) (Mechanized) (Mechanized) Team

Company
Comnmand Net 8

(Zulu)

Ex e-ut i ve Comma~nd ing

i Of fice Officeee

Net Control

St at ion

Figure lB. Radio net diagram.

TAB 3: Radio Net Transcript Excerpt

Sierra 49, 84. If you get the change go on out, run like !@#! and get

on Deer if you get the chance, but be careful of our left flank. I got a

feeling they're going to come at us from out in the -- (cut) feeling

they're going to come from our left flank once we get out there, so watch
t hem.

Zulu 84, Papa 49.

Zulu 84, Papa 49.

Zt-lu 84, over.

Roger, we have 'em on Deer, and in front of Deer. Dismounted, also 3
track vehicles, break. One BMP, one T72 and one unknown.

Say again their location.

Roger, they're approximately 200 meters east of Deer, over.

Can we get out to Deer without getting our lunch et?

Say last again, over.

27
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Can we qet to Deer without getting chewed up?

All T have ts three track vehicles, T don't know if they have any
dismounted AT capability, over.

Break 96, 84.

You need to get up here where you can get me some shots on Deer real

quick. Come on up, there are some good spots up here for you.

95, 42,

*.-" Zulu 84, Papa 49.

* Zulu 84, over.

Roger, I have dismounted on the ground with AT.

Roger, over.

66, 94 give me something out on Deer. Dismounted enemy.

95, 42.

9s.

Roger. This other Victor from that same element is going to need a

voltage regulator.

* Roger, let me get these other elements up here.

95 this is 42.

)5.

Roger, I am advised this Victor you're moving up. They know your

sign, they're going to continue to watch for you. If you see someone

waving frantically and v)ur're passing them, stop, come hack up to them.

This is 95, are you going to continue moving forward? Roger, I'm way

behind the action right now. T need to continue forward. These, this

Victor is right at the foot of this main hill mass moving along our route.

Do you want the hig Victor I have with me to move tip to your location?
Negatwiv, contlnue to hold with you. Tt's maneuverable enough in here, we

O can mov, him tip if necessary. T'm going to go ahead and move up now.

Keved mike
r

84, Sierra 49.

*_ Zulu 84, Sierra 49.

S.Zulu 84, Sierra 49.

r 28
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Zu11 84.

Be advised now we got a 1/4-ton with the orange flags, over.

Say again, you cut out.

One quarter ton Victor with orange flags, over.

Roger, that's theirs, that's indirect smoke coming in.

66, 84.

66, 84, over.

66, 84.

Stuff's going in Deer.

Again, you're just, bleeping, that's all.

Br,-Ok, Papa 149, 84.

4 q, Zulu 84.

49.

S i t rops.

PRo(ter, enemy track vehicles had turned about headed east, break.

I ,till have dismounted on the ground.

Keyed mi ke.

FEast ?

S(t th , sonltheaqt.

'K '. Imike, two times.

I ' , t i ,, inLel from the other net. It seems that the whole world
i i t rl th(, other side of Jones. Back in that hol, we ire talking

we're sitting ju;t north of Jones now :and then there's - I don't
;i,,v vohicles at all, over.

Pwver, Intel tell, me t here's ahoit ) )r 5n back up in there

29



Edge around the corner and take a look up in there.

The element's coming forward to my location?

Again.

The rest of the element is coming forward to my location at this time?

I'll start moving them forward. Are you around the corner?

0

0
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APPENDIX D

EXPECTED WAIT TIME DERIVATION
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EXPECTED WAIT TIME DERIVATION

The model used to generate expected wait time was taken from
"Introduction to Queuing Theory. "2 The model assumes that each station
independently generates calls at random with rate # when idle. If a
caller, when attempting to make a call, is blocked because the net is in
use, he waits as long as necessary to use the net. When a station is

either using or waiting to use the net, it is considered not idle and
generates calls at rate zero during these periods. The distribution of the
time durations of messages was assumed to be exponential.

2Copper, B. Introduction to queuing theory, (2d. ed.). New York: McMillan

Publishing Company, Incorporated, 1q72.
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The equation used to generate expected wait time IE(W) is as
fol lows:

n-s-i -1
F,(W) =(+l) Pi=0 +

n!
a P (j o,l,---,s-1)

who re: P.
wre an (j = s, s+l,---,n)

(n-j)! s! S

- n-1

s-! n1 k + k0- a k-s

T- k!I(n-k) ! (n-k)!s!s
k =0 K=s_

-1

a

3600n
Y-

N

n Total number of stations

s =Total number of nets available to the stations

-]1
' = Averaqe message length (seconds)
-1

y = Average time between calls qenerated at
a given station (seconds)

N = Total number of messages sent per hour
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Calculations were made for two values of N. One value of N was the
total number of successful messages. This calculation implies that the net
was used only for successful messages. This gives a waiting time that is
too low since we know that the net was used for both successful and
unsuccessful messages. A more realistic E(W) is obtained if the blocking
effects of all messages are factored in. This requires a knowledge of the
number of unsuccessful messages and their duration. Unfortunately, this
information was not available. However, an approximation was made to
introduce the additional blocking effect due to usage of the number of
successful messages per hour to the point where it reflects the usage of
the net by both successful and unsuccessful messages. The total net time
for all transmissions and the total net time for all transmission contained
only in successful messages were known. There were, respectively, 924 and
497 seconds. The difference between these two numbers, 427 seconds,
represents the total transmission time for transmissions associated with
unsuccessful messages. The average transmission time per successful
message was 17.75 seconds. The number 427 divided by 17.75 yields 24, the
number equivalent sucessful messages represented by the 427 seconds of
unsuccessful net usage. Adding the 24 equivalent successful messages to the
28 observed successful messages gives 52. This is the second value of N
for which an E(W) was calculated and is believed to produce a more valid
E(W) since it accounts for total net usage.

E(W) was calculated for the average of hours #1, #2, and #3. For ease
of reference, the necessary data elements are provided in Table ID. The
calculation results used to obtain expected at wait time are shown in Table
2r).

TABLE IlD

Expected Wait Time Data Elements

Hour #1 Hour #2 Hour #3 Average

Number of Stations 9 9 8 9
Message Success Rate/Hour 30 27 26 28
Total Successful Message
Transmit Time (seconds) 395 520 577 497

Total Successful Message
Elapsed Time (seconds) 1163 950 865 993
Mean Successful Message
Elapsed Time (seconds) 38.8 35.2 33.3 35.8

Total Usage Time 994 947 840 924

4!
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TABLE 2D

Expected Wait Time Calculation

Equivalent Successful Messages

(Incorporates the Blocking Effect
Attributed to Unsuccessful Message

Successful Messages Time)

Number of Messages/Hour (N) 28 52

Number of Nets (s) I I

Mean lessage Length (,u -1 )35.8 see. 35.8 sec.

Number of Stations (n) 9 9

-l =(3600)9= 1157.14 see. (3600)9) 623 sec.
29 52

a= =  .03094 .05756

P .73229 .52756

F(W) Soconds 12.44 27.95

Total tls:W, Time; 924 Seconds

,verace Trai'qmissicn Time Per Successful Message: 497 = 17.75 Seconds

Total F,iivalent Stuccessful Messages: 924 52.06 (rounded to 52)
17.75
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