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'S ARMY HITMAN ENGINEERING LABORATORY COMMUNTCATIONS

SURVEY=A PILOT STUNDY (HELCOMS-PS) L

FXECTITIVE SUMMARY

Darine Mareh oand April 1983, 5 hours of voice radio traffic were col-
' Tocted at NMiational Trafnineg (NTC) exercises in Fort Trwin, CA, The 5 hours ’
msiatod o Yive non=consecutive one-hour samples covering peak period
trattic on the command nets of two tank companies, two mechanized infantry
o i e, and one mechantzed infantrv battalion task force. Fach of the
Honrs was ibadependent v and suhjectively chosen on the basis of intellfgi-
SRR G et activityve  This limited traffic sample underwent a detailed
cuploratory anialvsis,  The resalts of that exploratorv analvsis, titled the L
Human Vavincering Laboratory Communications=Pilot Studv (HELCOMS-PS), are
desorihet in this report,

s oilaor study was conducted to {dentify hnman performance issues of
Chcticat radia communications. As this pilot study invnlves a limited i
sarple sive, it would not be advisahle to draw anv firm conclusions from
rthe ropdines Tisted below.

“he arirs surveved used their nets about 29 percent of the time, vet ;
th oxvoectnl wait tiee for o a wviven starion on net was MR seconds. This con- )
v i, the Yow usae factor enupled with the long wait time) is

St owhey man ukers try o sioultaneagas!yv o to access the net., h
|

St ion usage analvsis reveiled that within one companv the cumuala=-

Cioe plataea Tesheore net usage time tended to be inversely proportionral to
the canaoy commander's et csage tine,

The ivh dregueney of interference impacted heavily on transmission
Cicess. Dver A perecent of all transmissions were lost due to interference.

foarhle ad st atie were the ereatost interference factors. An in-depth

b o Tntertorence would he reguired te determine the apecitic natuare
teoe, caicment ooenvironment or manmade) and rhe degrece of impact on ]
et fvene i, I

Across all o qamples, AS percent of the transmissicon artempts resulted in

e un tranemissionse An oaverage of 21 percent ot nmetr asage involved

sl Cranamissions, The mean transmission Tonvth was 3,7 seconds, ;

oot gl sncceasfal transmission times and mean tranaemf ciion lengths were s
: conaiste ot qerass the five nets surveved,

oor e indivi fnal l-hour samples, the percentage o»f sueccesstal
cinie i tended to Tnerease A5 the nambher of atremprs decreased (or
v oed, the harder the users tried, the less successfnl rhev wero).
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One hundred twenty-four messages were transmitted during the total 5
hours. The range among one-hour samples was rather large (i.e., 19-30).

Messages were found to break down into nine subject categories with
command and control as the main subject in the S hours (i.e., 3% percent).

The elapscd time for messages In each l-hour sample tended to decrease
‘hen rhe actual transmission time increased. Tt could be concluded that
the longer transmission time was attributable to "doing one's thinking”
while transmitting, whereas, the longer elapsed time (longer pauses hetween
transmissions) could bhe attribu‘ahle to "doing one's thinking” between
transmissions.,

There was an ohvious disregard for proper militarv terminologv and
proper procedure words.

Fittv-two percent of all successful transmit time was involved with
call siegns and related procedures. The 52 percent included a lot of
“home-made” short cuts on the part of the users. If the users had followed
tite rorrect procedure, it was estimated that the net usage factor would
have increased from 29 to 43 percent with a corresponding expected wait
time increase from 7?8 to 49 seconds.

L~

- S . e N N ot . . R N R
. T T - - .. - St " - .. .t . -

. B -
- CRAEILVF AT ST T S W e TN L. S N SCNLD S-S S T, ST U AR T W ST W, Sy WIS W

Gl "3 G e Sl SRt Sy i St i Malle Sl MRl SD ags S i il St Sl S A S RV M St R PR et e - B S U S A .*T‘f:':":*‘r‘T




ARt i i At A~ g (A A A et AL Sl SR e o IS I8 AR AR A A Al A Aok e M e el e e Ty

US ARMY HUMAN ENGINEERING LABORATORY COMMUNICATIONS

SURVEY-A PILOT STUDY (HELCOMS-PS)

LN TRODUCTION

A briet literature review and discussions with the cognizaant offices
ot TRADUC Systems Manager (TSM) and Project Managers Office, Single Channel
sround and Airborne Radio System (PMO-SINGARS) led to the determination
that tactical radio traftic 18 currently receiving no more than a cursory
danalysia, It was further determined that an in-depth analysis of such
traftic might provide some excellent human performance data; therefore,
this pilot study was initiated to evaluate the feasibility of a detailed
Analysis leading to follow-on concentrated studies of those human factors
tipests of tactical radio communications which appear to degrade the
cttectiveness and efficlency of field communications.

IBILCTEVE

'he objective of HELCOMS-PS was to conduct an exploratory in-depth
dinlysis of recorded tactical radio communications to see if quantitatively
cupressed trends and indicators could be identified which would provide

cosaocoht o iato human performance in the field communications environment.
Howsible spin-ofts perceived were an increased understanding of user
requtreaeats, equipaent design improvements, radio procedure (traianing)

taproven-nts, and support/reinforcement of other study efforts.

Moo

vart forjaants

Ihe part icipants {a this pilot study were military personnel operating on
re five radfo nets sampled. The nets contained between 3 to 17 stations

fsee ilement 3, Table 1C, Appendix C) with normally one operator per
station.,  The partlcipants were members of an armor battalion and a
mecihan’ 2ed Infantry battalion organized to form an armor-heavy task force
and a4 nechantzed infantry heavy task force, respectively. At the time of

the daty eollection, these units were undergring near realistic battle

caditions daring schedaled training exercises at the National Training
Center (T, Fort lewin, CA. Specific unit and individual identitles have
e withheld trom this report per NTC request.
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Apparatus

{he participants used the AN/VRC-12 series of FM radio sets without
secure vofce equipment for communicatlions. Thelr traffic was recorded by a
40-channel Veritrac Model 5000 Voice Communications Recording System.
Cassette coples of select traffic samples were made from the Veritrac for
data reduction tasks.

No unlque apparatus was employed for the data reduction tasks. Time
data were obtained using a pushbutton, momentary-action switch connected to
a Hewlett Packard Model 9830A computer. The computer was programmed to
produce & printout of the time between switch activations. Narrative
traftic was transcribed manuallv,

Procedure

Tacrical vomunications from peak traffic periods were selected and
recorded on cassett. The selection included five l-hour samples from a
total of 15 hours of recorded radio traffic (Table 1), with peak intensity
at the 30-minute polat. Samples were subjectively chosen on the basis of
frrelliocihilitv and net activity during peak traffic periods. A transcript
of the narrative aud time data was produced for all 5 hours of tratfic and
then analyzed from several different perspectives (see Results and
Discussi .). A nample transcript along with associated descriptive
material are provided 1in Appendix B.

One of the .aain coastraints pliaced upon this effort was the requirement
to conduct the HELCOMS-PS without any interference to the NTC training
misston. Theretore, it was not possible to collect certain complementary
data such as radio operator traluing and experience statistics, radio
maintenince status, terraln profiles, etc. as part of the pilot study.

RESULTS AND DISCULSTON

The hasite resalts are provided in Appendix C. These results were
analyzel and then organized into composite findings discussed below. [t
shoul 1 he noted that these findings have been derived from a liwmited sauple
frame size (5 hoars) and are, therefore, not to be interpreted as
conclusive. They du, however, polnt out those aspects worthy of further
investipzation in follow-on studies.

A tlossary i o iaciuwded in Appendix A. Notes of explanation are also

provido I in the Results and Discussion section where necessary. Taole 2
tlso contains a description of a4 message and its elenents which the reader
should he tamilfar with before reviewing the findings described below. !

For a4 complete dbsoassion of radio telephone proucedures sce FM o J4-1

Combat Cowmanfoationas o] ST7-180, Infantry Communication Data, Us army
falaatry sohonold P Heandng, eor i,

1




dour Four

Bn. Task Force Command Net

Alad e et dien g T I . T ———r oy
4
TABLE 1 ,
.1

Sample Size Description

: {
sample Net Used Tactical Environment 1
. - : ;
Hour Jne Tank Company Command Net Dffense A
Hour Two Tank Company Cowmand Net Oftense 4
our Three Mechs Inf. Co. Command Net Deteuse !

Offense

Hour Five Mech. Inf. Co. Command Net Oifense
TABLE 2
Sample Mussage
Traasaiss ion Purpose Messag, ot Element
i e [his s Establish radio Head ing Addressee
Capa M Dver contact. Originator
Yo This is Acknowledged recelipt, Heading Uriginator

Drlu Ree oaver confirms radio contact. Addressee
T T Papa 490 Transmit information Text Subject
ae Bave  aadde Matter
e, antact oon
Shies tive Deer.
Vet
i s Aalu K&, Acknowledpe receipt of [ext Subject
L Doowvon subject watter and re- Matter
T I R S A TS quest tor additional
information.
o e weatl tve. Response to anory fext and sading  Subject
at. terminabe nesage. Hatter
Sion=0Otf
b
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Definition of Terms (Message Elements)

Tactical radlo communications involve a simple message form with a
minimin of elements:  originator (caller), addressee (receiver), subject
matter, and ending. A complete message normally consists of several
transmissions. A sample wessage {s shown in Table 2; it iIs treated as 4
single nessave containing one subject that is categorized under the title
“"Struation Report.” The sample message could have tacluded numerous text
transmissions regarding enemy contact or transmissions related to other
categories such as casualties, exact position location, or eneny
fatellisence.  The sample nmessage could have Included some unsuccessful
triasmissions (f.e., exhibited {nterference) and were, therefore, possibly
repeated.

#¥or the purposes of this report, a complete message is detfined as Tan
exchange of transmissions which ends when one or both stations voluntarily
stop the exchange of transmissloas for reasons pertinent to the subject
1atter.”  This would mean a message would be ended by the term "out™ (for
exaaple) rather than by some technical difficulty.

Fipgnre 1 illustrates the structure of a message with the time elements
fdentitted.

Findiog:  Net Usage

Usape factor was defined as the percent of time that the net was
accupled toe all transmissions (to include unsuccessful ones) during the
sample period.  The utilizatfon factor for the five l-hour periods ranged
from 23.3 ta 35.7 percent. The average usage factor was 29.2 percent or
about 18 winutes per hour. The expected wait time for a caller to access a
net. wis 2% secoads. Calenlattons tor the expected wait tine derivation are
described 10 Appendic D.

A subjective analysis of the sample traffic indicated that peak
period, edtsted within the one=hour sample ot "peak perfod traftic.” This
tact Twelped to explatn the relationship hetween the seemiugly low usdge
tactor resalts and the relatively nigh expected wate tine. 1o other words,
1ot ol periods were found where everyone wanted to communicate at the
same time.s This phenomenon was !l o apparent In the considerable amonat of
intertercence tonnd (discussed later in this report).
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Jamuing:  Vac renderiag of g radio signal unintelligible or fuefiective by

the tei:herate Introduction of electrical signals.

Override: The neatcalization of a radio signal by 4 20re powertul radio

S'i.','ll'i.

Stoati.: vistarbing ertects produced i radio receiver by atmospherice or
vaorioas aitural or omanmade electrical iatluences.

laterter - Tacidents:  The number of times interferceace occurred daring
e soaanle Ulae.
Thiertervuce Factor: The percenc ot Ul PHhes tnal TTrTAnSmIsSslons wWery

fatertersd with lfuring the sample tine.

ol e rophone: The deoression of toe push-to - ol (PIT) switeh ot an

volivee alcropnone; asdulation.

Cociint et Tatantry Task Force: A s o oarcaatacd torce comprised of
=l el tarantry and tank companies. "t natt dlion sized with the

arep onderance of compantes belu, uechoviced vy,

focnanioot iafantry Task Team: A tisk organized team of aechanized
totantry oand taax plattoons. It is company sized @it the preponderance of
clatos e beiay wechanized Intantry. "

O

Mees s Sov taoupht or idea expressed brietfly in plain, coded, or secret

P crepared tonoa form suitable for transmission by any means of ®
uwitri i uae A proper aessage consists of three parts: heading, text, .

et e aarts are subdivided into componea's which are further -4
Lobdivited Pt elenents. (See the example on page 7 of the report text.)
Uoness e is o couprised of several transmissions and uormally ends with the

Spocedire wor b o

R TR

e D jec t Gategorizat o The grouping <! nmessages by subject
Gt ery dae., osition location, {atelligence, comaand nd conetrol, etc.

L oens Rt Me aber of sncecesstul messapes transmitted during ‘
I tl e 1
i Lo Papsoc b Time: fhe time traon the Sepiananinyg of the tlrst 1
U AEEIEVE I oo to the ending of the last transai=stoa T 1 nessage.  Licludes i
S et b Lraansais s iuas . }
|
ey S o Traeer T total o tame ased Dnocoaplet iy he transaissinos ,
IS Ll . , ]
T T dooeo et dachude time between toansalssionas., )
oo e ppins e mean Ciae o seconds roegquired to complote the !
[ o oresnitred daring the saaple tiae. -

P CoTined The miad aan and amaximom nessage Cimes darioay e
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GLOSSARY

"ritial Address: Procedure words used by the originator of a message to
{iolude the call sipgns of the addressce ind the originator ("Sierra 36,
tnis 15 Sterra 267)

Subsequent Address:  Procedure words used by the respoading statfon ("This
is Sierra 36" or "Sierr. 36").

Armor Task Force: A task organlzed force comprised of tank and wechanized
infantry com;anles. It is battilton sfzed with the majority of coapanles
belng tanks. .

Armor Tisk Team: A task organized team of tanks and mechanized fnfantry
alatoaoas. It is company sized with the majority of platoons belayg taaks.

ymvowd and qugrol Activities: Activities at a unit level that were

_——— e e - —— .-

cenerated at another level; i{.e., a directive frow the hattalion commander
miy regulre rolly transmissions at the company and platoon levels.

Endiag:  Proc-dure words used to indicate that the transaltting station has
completd 1 statement or terminated a message ("Over,” "Out,” "Roger,

PR

over,” “Roger, oiat,” or "Wilcou, out™). "Wait"” is sometimes used for the
purpose it taplies.

fxpected Wait Tiae: The amount of time a given station on a radio net 1is i
expectel 1t walt to use the net.

1
Idiomatic Dialogue Patterns: Any dialogue trends in segments of the user k
population which adversely impact on transmission effectiveness. )

Tadio transmissiouns. The Oxtord American Dictionary defines laterference

in a nore limited sense as the fading of recelved signals becanse of stacle )
or nnwanted signals. The dicrionary definftion was not applied in this 1
reporl 4s it fails to account for all factors; e.g., terrain and vehlcle g
movement May also cause interfercace.

Inter{ecence: Natural or mianmade factors which interrupt or interfere with i

Background Noisa: Intrusive sound that intecrferes with received or i
- -

recorded electronic signials.

Broken/Cut: Not complete or full; interrupted or discontinued radio
3ignals which reander a transmission or awessage to be incorrect or
unintellizible.

AN AL ot

Garble:  Aa error ia transamission, reception, encryptioa, or decryption
which renders a4 message or transaission incorrect or undecipherable; 1
alrteration or distortion that creates 4 wrong lmpression or a change in

neanin.

[
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3. Analyzing concurrent command net samples from several levels of :
commind to evaluate the effectiveness of reports/directives passing up/down .
command echelons.

4. Analyzing station workload conditions where multiple net
iavolvement s required.

In addition to the specific objectives noted above, the results of
this pilot survey have indicated that the effect of net discipline, call
sizn structure, and radio operator procedares should receive further
evaluation. Of these, call signs and assoclated procedures are considered
a priority candldate for further study as they were found Lo consume over
50 percent of transmit time.
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Ew = 28 SECONDS

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

Figure 8. Call sign time.

This large expenditure of traasmission time that is dedlcated to call
sizns supgusests that improvewents in this area are warranted. To support
this suggestion, a time analysis of the call sign procedures was made
replicing the "homemade” word short cuts used with correct radio operator
pcocedures.  The result was an estimated increase of the net usage factor
from 29 to 43 percent with 4 corresponding expected wait time increase from
20 to 49 secoHuds.

CONCLUSTONS AND RECOMMENDATIONS

[n this pilot survey a detailed oexploratory analysis of a limited
voice radio traffic sample was conducted. It 1is concluded that the initial
survey results {ndicate that further siafilar eadeavors wsould be oeneficial.
"aine the tvpes of traftic performance parameters described in this report
recnaaended polnts of analysis in future endeavors might include the
Followin:

l. Analyzing jamaing effoctiveness.

2. Analyzing the impact of Misstoa Driented Protective Posture (MOPP)
tor conditions on communications eftfectiveness,

18
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A detatled review of the transcripts was conducted to determine to
what exteatr, 1f any, peculiar language patterns or words are in practice;
e.g., geographical slang or citizen's band (CB) jargon. Only seven such
cases were found in the total 5 hours. This was not considered to be
particularly significant, especially since they were isolared cases. The
teras used in those cases were exsamples of noastandard wmilitary torainology
which are described above.

Omitted Procedure Words: An examination of the 5 hours of tralfic
revedled that transmissions did not always include the address and ending
perocedure words.  Table 5 provides o recap of omitted procedure words in
siccessful transmissions. 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 (163H353+352) of 1,163 equals
the S5~hour total for successful transmissions). Thirty perceat (352-
1,163) ot the successful transmissions had no address and no ending.

TABLE 5

Categories of Interference by Percent

Hour #1 Hour #2 Hour #3 Hour #4 Hour #5
Garble 67 73 80 4 10
Jverride b 0 0 2 22
Broken/Cut 9 8 20 20 29
Static 18 6 0 68 5
iami e 0 13 0 0 3
dyckeround Noise 0 0 0 6 31

“all saigns: The time required to transmit c¢all signs took up a
sivnit Deant portion of usage time. As 1llustrated in Figure 8, call sign
tive (Fes) consumed 11 percent of the sample time. Even more

o antly, o eall osign time represented 52 percent of the successtul
"rvoaealssion time (Ts).  This wonopoly of transmission time by call signs
io partic-alaly signlficant considering the fact that the call sign
procedare s abserved were frequently abbreviated, followed nonstandard
practices s and were sometimes disregarded altogether.  This disregard for
valtl o sipas appearced to present only minor probleams during periods of light
wtivitv or low traffic denslty because of voice famlliarity; however,
durlng periods of intense activity or high traffic density some confusion
resulted and even wirranted queries about who was traasaftting.
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TABLE 4

Message Subject Matter Categories

Citegory Net Net Net Net Net
(Hour) #1 (Hour) #2 (Hour) #3 (Hour) #4 (Hour) #5

# 7 # A 4 # % # %
Command and Control 18 47 11 26 16 46 5 16 9 36
Intelligence ) 16 11 26 4 11 9 28 3 12
Position Location 4 11 4 9 7 20 3 9 3 12
Situation Keport 2 S 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 0
Fire Support 3 0 0 0 1 3 0 0 0 0
Communications
Instructions 0 0 0 0 0 0 4 13 4 16
Totals 38 100 43 100 35 100 32 100 25 100

vote:  Total for vach net could exceed the message success rate because <ome
messages addressed more than one of the specified categories.

5 % CASUALTY REPORT
(PERSONNEL)

5 % COMMO INSTRUCTIONS

1 % RADIO CHECK

1 % FIRE SUPPORT ——4&
REQUEST

n%
CASUALTY REPORT
(EQUIPMENT)

34 7
COMMAND AND
CONTROL

b et er cateraries: Five-hour total.

Rt AR S *hi S B ettt Sl AR Angt nd il A A Sad Mgy CAMC I A A BTGP SOV ACE B0 S e S st sbi ot ANEE e S N SR nd sher s une cesmar ot

Ialia g




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
concerned command control activities and when combined with the
intelligence 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 be 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.

Aaode b &0

Finding: Dlalogue Patterns

Nonstandard Practice: The 5 hours of traffic were filled with
nonstandard 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.

1. "Your dime.”
2. "Goin down the road.”
3. "bavid, do you hear me?”

4. "You were walked on.”

Examples of ambiguous or nonspecific comments include (complete
verbatim transmissions):

L. "Edge daround the coruer.”
2. "Move forward a little bit more.”
3. "Goin down the road.”
4. We lost anything yet?” 4
5. TContact, contact!” ‘
Ulrection and distance fagtructions frequently included "right” and
“lett,” Tup” o and "back,” and "a little bit” or "more.” Confusion and
repeated transmissionsg were generated by such terminology in situations
whoere riaght meant east to the originator and west to the addressee and
where Toa et te bie” meant 100 meters 1o the origlnator and one vehicle

length to the addressee.
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transmission atteapts and the interference factor had little iampact on
transmission success. However, a better explanation would be that
transmission attempts and the interference factor tended to cancel each
other; l.e., those sample periods that had the greater interference factor
forced & greater number of transmission attempts to achieve the sane
quantity of success. If the latter interpretation of the figures {is
correct, then the next phenomenon to be questioned 1s why did all of the
sample hours peak at relatively the same successful transmission quantity
level? That phenomenon 1is 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 (circumstdances where a microphone was keyed but no
volce transmission followed) occurred 115 times in the 5-hour total. These
appeared to be mostly an abbreviated signaling procedure application or
vut-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 19-3N per sample hour. The mean message
transmit time was 19 seconds with a range of 3-75 seconds. The mean
nessage 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 1in each one-hour sample tended to
decrease with an increase in actual transmission time. It could be
concluded that the longer transwission time was attributable to "doing
one's thinking” while transmitting, whereas, the longer clapsed time
(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 #3 and #5 were probably higher
than evidenced on the recordings. The recordings 1included one-way
conversations. That 18, in a two-way conversation, one of the statlon's
transmissions was elther not recorded becausc of the distance or terrain,
or the transmissions were blocked out by interference. The other statioa's
transmissions were recorded and it was clearly obvious, by the nature of
the recorded transmissions, that a complete conversation (message) had
taken plare. such one-way conversdallions were not counted as successful
messages {n the analysis.
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TABLE 3
Successful Transmissions and Time Factors J
g
Hour Hour Hour Hour Hour Average !
# #2 3 # #5 )
3
.9
Number of Transmissions 276 196 200 245 246 233 j
Mean Traasmit Time (Sec) 2.6 3.8 3.8 3.2 1.2 3.3 ol
Range Transmit Time (Sec) 1t-16 1-26 1-21 1-14 1-112 k
100% .
90 — 84 ?
80 — T?
[ '_.
50 !
40
30
20
10 4 7
o ~
HOUR HOUR HOUR HOUR HOUR
SAMPLE HOURS ]

Bl SUCCESSFUL ATTEMPTS (% OF TOTAL ATTEMPTS)

I
(] INTERFERENCE FACTOR (% OF SUCCESSFUL AND UNSUCCESSFUL |
TRANSMISSIONS INTERFERRED WITH) :

Firare 4, Snecessful attemptys versas interference factor.,
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. Finding: Station Usage

Station usage 1is 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 statlion usage was 3 percent. Some stations were identified that .
were known to exist in the net but d1d not transmit at all during the
sample period.

oAt

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's performance evaluation.

.
s W W

i
K
"
K
i
d

(gt g

Finding: Interference

The high frequency of interference lmpacted heavily on transmission
success. Five hundred twenty interference incidents onccurred 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 anoise, 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
the interference factor decrecased.

Finding: Transmission Rates

For the total 5 hours, there were 1783 attempnts to transmit and 1163
successful transmissions, Table 3 shows that the number of successful
transmissions and the mean transmission time were rather consistent across
the five nets surveyed. This Is iInteresting in light of the previously
noted transmission attempt and {nterference factor sample-hour variances

filustrated in Figure 4. To better illustrate this point, the data shown ;
in Table 3 and Figure 4 have been reillustrated In Figures 5 and 6 to
better depict their relationships where it would appear that variances in l
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ELAPSED TIME: - >

NOTE: TOTAL MESSAGE TRANSMIT TIME = T) + T+ T3 + T4+ T

Tignre 1o Message structure time factors.
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Procedure Word: A word used within i trangmission or message (n accordance

with proper radio~telephone procedures; l.e., "Over,” “Out,” "Roger,"

"Wilco,"” etc.

Sample Time: The amount of time from the first to the last transmission of

a recorded segment of tactical radio traffic.

Station Usage: The percentage of time the radio aet was used by a given

station during the sample period.

Transmission: Coherent modulatioa on the carrier signal of 4 radio net

through an Tactive microphone; [.e., one with the push-to-talk {PTT) switch

d=pressed.

Successful Transmission: A traasmisslion that 1is completed without
interference (or without sufficient (nterference to preclude completlon of
the transmission) prior to releasing the PTT switch. 4 successful
transnission is normally endal with the proper procedure word "Over”™ or
"OQut.” To be successful, a transaission does not have to be acknowledge:d.

Jisuccessful Transaission: A transmission that is not completed prior to

releasing the PTT switch. Normally, some form of interference precludes
the completion of the transaission.

Successful Transaission Time: The amount of time a radio net was used

(occupied) for successful transmissions during the sample tine.

Mean Transmission Length: The mean of times used in completing the
successful trausmisslions during the sample time.

Transmission Length Range: The mintmum and naxinaun successful transmission

ttaes during the sample time.

Usage Time (Net): The total time that the radio net was occupied for all
transmisslons (suCCPssful and unsuccessful) during the sanple tine.

Usage Factor (Net): The perceat of time that the radlo net was occupled
for all transmissions (successful and unsuccessful) during the saaple flas,
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APPENDIX B
®
- RADIO NET COMPOSITLON, DIAGRAM, AND TRANSCRIPT EXCERPT

- MECHANIZED [NFANTRY TASK TEAM (COMPANY)
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RADIO NET COMPOSITION, DIAGRAM, AND TRANSCRIPT KEXCERPT

MECHANIZED INFANIRY TASK TEAM (COMPANY)

P~ SN I TS dn

TAB 1: Radio Net Composition

Py

1. Stations Normally on Net:

Call Sign station . i
:; Zula 84 Deputy Commander ]
] Zula 42 Executive Officer fi

Papa 49 1st Platoon Leader :

Sierra 49 2nd Platoon Leader

Mike 49 3rd Platoon Leader

Zalu 66 Fire Support Team

Zulu 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 5erygeant
Papa 49 Romeo Asst. Platoon l.eader, lst Platoon
: Papa 99 Tank #3, lst Platoon
b
" 3. Stations Not Fully Identifled:
al
- Call Sign Remarks
F_ 96 No prefix. An APC or a tank.
[ .
| 89 No prefix. Unidentified. Referred to
¢ once. Not in CEOI.
3 32 No prefix. Tank or APC #2.
s
b 24 No prefix. Unidentiflied. Referred to
f. twice. Not in CREOL.
r
| 26 .
¢ Y
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TAB 2: Sample Radio Net Diagram

Mechanized Infantry Task Team (Company)

Ist Plat 2nd Plat 3rd Plat Fire Support
(Armor) (Mechantized) (Mechanized) Tean
Slerra
49

Company
Command Net

(Zulu)

Commanding
Officer

Execut ive
Off icer

Maintenance
Officer

Net Control
Station

Figure 1B. 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
fecling 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
them.

Zulu 84, Papa 49.
Zulu 84, Papa 49.

Ziu'u 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.
Roper, they're approximately 200 meters east of Deer, over.
Can we get out to Deer without getting our lunch et?

Sav last again, over.

27
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Can we get to Deer without getting chewed up?

A1l T have is three track vehicles, T don't know {if they have any
dismounted AT capability, over.

Break 96, 84,

You need to et 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, 1 have dismounted on the ground with AT.

Roger, over,

A6, B4 give me something out on Neer. DNismounted enemy.
95, 42.

95,

Roger. This other Victor from that same element 1is going to need a
voltage regulator.

Roger, let me get these other elements up here.
95 this is 42.

95.

Rower, T am advised this Victor you're moving up. They know your
. sign, they're going to continue to watch for you. Tf you see someone
o waving frantically and vy ur're passing them, stop, come back up to them,

() This is 95, are you golng to continue moving forward? Roger, T'm way
i _ 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 vou want the hig Victor T have with me to move up to your location?
S Negative, continue to hold with you. Tt's maneuverahle enough in here, we

® can move him up 1f necessary. T'm going to go ahead and move up now.

Keved mike

R4, Sierra 49,
SR
E' Zulu 84, Sierra 49.
:; N Zulu B4, Sierra 49,
[
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Zulu 84,
Be advised now we got a 1/4-ton with the orange flags, over.

Sav again, you cut out.
One quarter ton Victor with orange flags, over.

Roger, that's thelirs, that's indirect smoke coming in.
b, R4,

66, 84, over.

hH, B4,

Stuff's going in Deer.

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

Break, Papa 49, 84,

A9, Zulu R4,

49,

Sitreps.

Roster, enemy track vehicles had turmed about headed east, hreak.
T still have dismounted on the ground.
Keved mike,

Fast?

sottheast.

Snath,

Keeved mike, two times.

whole world
are talking

intel from the other net. It seems that the
other side of Jones., Back in that hole we

' .
T'm ottt ins

Paofust o oan the

hont .

Kover, we're sttting just north of Jones now and then there's - 1 don't

seo aav o vehicles at all, over.

! Rover, Intel tells me there's ahout 40 Hr 50 bhack up in there
;n"\-'(‘! AU,
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Edge around the corner and take a look up in there.

‘

LRI ahan) V‘r ARG
’ CRE A

The element's coming forward to my location?

Again.

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

I'11 start moving them forward. Are you around the corner?

B b e s g e e
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EXPECTED WAIT TIME DERIVATION j

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. T1f a
caller, when attempting to make a call, is blocked because the net 1is 1in
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 constidered not idle and
generates calls at rate zero during these periods. The distribution of the
time durations of messages was assumed to be exponential.

ZCopper, B. Intrnduction to queuing theory, (2d. ed.). New York: McMillan
Publishing Company, Incorporated, 1972,
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The ecquation used to generate expected

follows:

ISR vl i B

wait time ({E(W)}] 1is as

n-s-1
F(W) = ::0: PR S
]:
n!
PO () = o,1, ~--,s-1)
Jt{n=-j)!
where: P. =
! nt .
(n-3)! s! g!”S
[~ -1
s-1 n
n! n!
© k! ({n-k)! (n-k)!s!s
| . k=0 K=g —
-1
u
a = -
Y
1 3600n
Y -
N
n = Total number of stations
s = Total number of nets available to the stations

.
-
i

Average messane length

(seconds)

Averane time hetween calls generated 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 walting time that is
too low since we know that the net was used for both successful and b
unsuccessful messages. A more realistic E(W) is obtained if the bhlacking 1
effects of all messages are factored in. This requires a knowledge of the g
number of unsuccessful messages and their duration. UIinfortunately, this k
information was not available. However, an approximation was made to
introduce the additional blocking effect due to usage of the number of . i
successful messages per hour to the point where it reflects the usage of b
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, 1
represents the total transmission time for transmissions associated with i
unsuccessful messages, The average transmission time per successful

message was 17.75 seconds. The number 427 divided by 17.75 yields 24, the
3 number equivalent sucessful messages represented by the 427 seconds of
unsuccessful net usage. Adding the 24 equivalent successful messages to the 4
28 observed successful messages gives 52, This is the second value of N
for which an F(W) was calculated and is helieved to produce a more valid

v

™

) ¢ E(W) since it accounts for total net usage. !
i 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 1D, The
. calculation results used to obtain expected at wait time are shown in Tabhle
2D.
TABLE 1D
Expected Wait Time Nata Elements
Hour #1 Hour #2 Hour #3 Average !
' Number of Stations 9 9 8 9
e Message Success Rate/Hour 30 27 26 28
N Total Successful Message
Transmit Time (seconds) 395 520 577 497
Total Successful Message
Flapsed Time (seconds) 1163 950 865 993
Mean Successful Message .
e Elapsed Time (seconds) I8 .8 35.2 33.3 35.8

Total Usage Time 934 947 840 924 1
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TABLE 2D

Fxpected Wait Time Calculation

Successful Messages

Equivalent Successful Messages
(Incorporates the Blocking Effect
Attributed to lInsuccessful Message
Time)

Number of Messages/Hour (N) 28
Number of Nets (s) 1

Mean Message Length (u -1 )35.8 sec,

Number of Stations (n) 9
-1 =(3pn0)9= 1157.14 sec.
K R
A= M = .N3094
vy -1
p .73229
E(W) Soconds 12 .44

52
1
35.8 sec.

9

(3600)9 = 623 sec.
52

05756
.52756

27 .85

Total U'sage Time; 924 Seconds

Averasre Trarsmissicn Time Per Successful Message: 497 = 17.75 Seconds

7]

Total Fguivalent Successful Messages: 924 = 52,06 (rounded to 52)

17.75
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