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ABSTRACT

A great G2al of researcn has been conducted in the fast
29 years corncerning the use Of volice zZ=2COoChition eguilpmernt
with computers. The goal of this research has been to
iZprove the man-zachine irterface. ¥ith the Lreakthrougw
fron discrete to continuous voice recojnition techknolo3vy in
ne 1970's, a large step towardi that J2al was taken.

This thesis atteppts to show that continucus voice
recognition technslogy can be &ffectively asgliced in a
hignly interactive, computar-aided warjazing environient.
Thrcugh aralysis of the strictly-Zormatted coazzand syntax ol
the Naval Warfare Interactive Simulation Systen (NWIS3) axnd
use of ccmmercially available, innovative, continuous szeeckh
hardware and software, a new input meliur was created for
the users oi that wargaue. Ihe true 2ffcctiveness of this
arpsication of voice recogrnition tecanology must still ke
tested. Plans for such testing are ceing aade and, to that

aa
extent, the thesis olrjectives are partiy net.
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I. INIRODUCIION

As conrputer science Las advanced into the eri of huran
interactive d2sign, cne technology waich Las raceived
increasing attention arnd has already demonstrated many grac-
tical results is that of speeca recogaitiocn. It Las the
poterntial to vastly chanje the state of marL-machire interac-
tion by allcwing humans to use thelr 13d2st natural
coraunicatiors output mode, s;eech, and tnus Zfreeirny thnex
froa the constraints of the Keypoard. Thls thesis is
concerned witn the agrlication of spe<ch recogrnitior tech-
nology to military wdargaawlng, specifically a cozruter-aided
sinulation cf the naval warfare enviroanaent <0NOWL as thae
Naval Warfare Interactive Simulation System (37ISS).

Because comruter-aided wargames erntail a very high dejres ol
humar interactiorn, they are excellent candidates for agppii-
cation 0of vcice recogrnition tecanology. The reszainder of
this chapter will cover what speeca recognition techrnolojy
is and can do, describe a specific ixplexmentation of this
technology in a product naned the Verbex 2000, irtroduce
N¥ISS i1a wmore detail and close wita a summary of the thesis
okjectives.

A. REVIER CF VOICE RECOGNITION TECHNOLOGY

1. 3Sereril

In the discussion of automatic speecn recogritior,

ti.e distinctiorn between recognition ana undéerstanding is
ine

[N

sometimes urclear. W.A. Lea [Ref. 1: p. 40] Las defi
ac

(f)

£

O

voice recognition by rachine "J3jenerally as the or 3
transforaing the contirnuous hLuzar acoustic signal irto

discrete rerresertations wihich may ze assigned proper

(%)




meanings and which may be comprehended to affect responsive

behavior." For the rurposes of this thesis, the process

wili be urderstood as the conversion of human Speech into
recognizable text, i.e. words and syacols. Due to idiosync-
racies of tte human veocice, as exhibited in such individval
variations as sex, race, geographic origin, aje, enotion aad
nunercus other factors which iampact the human acoustic
signal, this is by no means a simple tisx. Hachine uniecz-
standiny c¢f speech, c¢n thie other pacd, is a cics=2iy related
activity waich follows recogritiorn and appiies artificial
intelligence to invoke parsirnj ruies and to make logical
inferences Irom tae semantic corntent of the spoxen (recoj;-
nized) message. This task is also very difficult as nuaas
kr.ow from daily experience (not sc witn recojnition whict .
generally taxea for granted). 4dhile speech recogrnition : .u
urderstanding are not separate funstions for tne nunarn (w2
often use semantics to recornstruct/conplete a senternce we
did not fully hear or listen to), tiey have tenjed as
coaputer techaoiogies to develop in e parallel but partly
separated fashion. [Ref. 2]

It aas lonj been racoghized that sgeech is the
Lunar's highest capacity, most natdral output communications
channel. FHowa2ver it Las only teen during the past thirty
years tanat it has been possible to create macaines which
tegir to take advantage of this fact. In terms of Luma:n

input to computers, the keyloard aas kad superior speel,

error correction capability arnd ovsrall versatility. How
iony; the keyboard will retain this superiority is opea to
debate. ~hlrealy commercial word r2cojnizers nave been
eff=2ctively used for such jots as pacxage-sortinj systeas
and inspection and gquality corntrol, wasre xejtoards or
nameric keypadls served before. Military uses include
cartogragphy, coaplter-assisted traiaianj of air trarfic
controlliers and aircraft cacipit comamunicatioans.

[Ref. 3: p. 28]
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These uses oi speech recognitioz techaology nave
benefited froa several advantagjeous properties inkerent i:n
speech input to machnines in addition to aigh speed ani natu-
ralness. Autonatic speecn recognitioa 1s uniae ia its
ability to free the user's miad ani eyss for such tzsiks a
viewing jrarchics screens or other decision aixds in & cczkani
post, overseeing an cyerations center, or just re c
a data source witaout having to reacva the eyes +
€eLsure the correct xey 1s being struck. Wnile srxilled
typists can read froan a t
rapid rate, such pro v
éeal oI training. 3y couzpari
voice recogrition ejuipaent ca

A furtner alivantags o
is nobility. With a ligntweight, wirel
set, a vrerscn is zree to roanm apoat anld
duties, such as an air trafiic controlier zonitorin: rada:z
screens and speaking simulitaneousl; to piliots and 2achiae,
either fcr transcript purpd>ses or to contrel navigation and
laniin; aids. TFinally machine access can se controllied
tarougn spoken codeword autherntication using voice reccgni-
tion in ccobiration with a speaxer versilication systed.
[Ref. 4]

2. Continuous Ycice Zegaosonition

-

Historically, aizost all comaercizal agplications of
voice recognition technology Lave fallen in the catejor;
knowr as isclated (discrete) word recogaizers. ZIypicaily
this class of speech recosnizers has Jeanonstratad thne

ablliity to recognize limited vocarpularies (up to 300 woris)
g €
each word or 1tterance (strir; of words constrained to a

specific tireiraze such as 1.5 or 2.0 secconds). The pauses

provide rcurndiries for the Dachine processing of tae veice

11




message and aliow the machine to "catca up" to the specaxer.
Discrete speech recognition detracts Zroz the naturalness o2
human speech and imposes an artificial constraint on tkhe
speaker which requires trairnirg to adapt to such a sgeaki.g
mode.

Sparked by the five year, 3515 nillion researca
effort of the Departzent of Defense's Advanced research
Frojects Agency in the mid-1970's krcown as Speeci Inder-
standing Research (Arsfd SUR), the recognition of continuois
speech W7as rroven possiple in the laporatory. As otiaer
advances in microconputer and memory tecanolocies cane
acout, the rirst comrercial contizuods veice rezognition
products rave come onh the market in tas past three ryears.
While speaker-derendence and liaited vocatulary (300 or so
words) are still the rule, clearly naturainess is enhance

é
ne

«Q

as well as irnput rate whenr cortinudus speech is used. ¢
can continucusly speak at & rate of about 150 to 300 woris
Of more ;er kinute, rut when words must be individually
separated by pauses, the rate dropgs to less tran 128
(usually tc arouni 5C to 30) words ger ainute."

[Ref. 1: p. 66]

Ir general, contiruous voice rscoynizers rely orn the
defirition cof grammars to limit the nuaber of words frorm
which the zmachine zmust choose &t any instaat based on previ-
ously recogrized words. & granmar is a representaticn of
tne allowable word secuences in a state diagraz composed oi
nodes rerresentiny a woré or grLoudp OI #40rusS and the [possilbic
transiticns between the nodes. While it has teen skhown taat
finite state granmars canrot properly caaracterize major
subsets of English sentences, unless sentence complexity is

severely linited, they are gjuite approgriate for applica-

tions iivolving strictly-ioraatted sejuences of words.
[Ref. 1: p. 52)
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B. VERBEX 3000 SPEECH APPLICATION DEVELOPMENT SYSTEH
{SPADS)

Cne product in particular wnicah resulted froa contirnuous
voice work of the 1570's and wanicu is the basis for this
thkesis is the Verbex 3000 voice ter..nal, marketed ry a
subsidiary of EZxxon Corporation. The Verkiex 3C0C [Fef. S:
p- 8] "is a continuous spsech, voice data entry terainal.

It can orerate as an inpat/output peripneral that adds voice
entry carpakility to cther computer systexs or, in soaz
applications, as a stand-alore data Landling systea. It is
desigred for use in industrial and coaazercial environ:2ants
with either nigh or lcw noise lievels, and allows operatcrs
to input data and commandas ia a naturally spokern strean of
nunbers, words, or phLrases, witnout pausing." With its
maxiaud aumdber of four speech processirg bcards, the Verhex
3909 can recosnize ufp to 360 different words spread over as
many as 20 grammars.?! A Zinite limit to jrammar size, Dased
on total nuzber of words and coaplexity oI the node tran-
siticn network, is rnecessary *to alliow the device to remnain
"real tipme" in terms c¢f coaputation speed and zmemadry (stored
voic . patterns) reguirements. Thus tae total application
may involve up to 360 woris, but at aay instan* the recog-
nizer is dealing with only a subset (gramaar).

The Speech Applicatior Cevelopument Systea (SPADS) is a
hariware/software adjunct to the Vegxbex 3300 voice terminal
which allows the user to program tae voice terninal to rua 13
particular application. In other words, tae design aad
definiticn c¢f graamars, the coatrol orf transitions Letween
jrarmars, the processing of text outjput, and the desijn oif
the terainal's visual and aural interiace (feedback) with

1Tnis information was obtained at a SPADS training
course attended by the aqtnor and conducted by dc. Trndozas
Dluennd O, Verktex Sernior Software duvlgee-{ 7 I 9 Novermtier
383, ufure refererces to tnis souf: siaply ke
aenoted "3PADS Training Course'.

-
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the operator are acccunplished through SPADS. Verbex lLas
designed SPADS so that Verbex 3000 users can write their cwa
applications and update tanem as reguired vice purchasing
customer engineering services from Verkbex. Currently in
beta test status (as delivered to ipPS), the SPADS is
intended to be user friendly such that the building oZ
applications and grammars is done through aeau-driven
editors. A procedure must be written in the ascal prograa-
ming language to control the application. Verbex supplies
aboat 20 predefined functions to ease this process.

C. BAVAL WABPARZ INTERACTIVE SIMULATION SYSTEM (NWISS)

As noted earlier, the candidate system for application
of continuous voice recojnition technology was the NWISS
developed at the Battle Group Training Computer Support
Facility within tne Naval Ocean Systeas Center at Satn Diego.
Per the NWNISS user's manual, NAISS "is a real-tiame, man-
interactive, discrete event, tiae step coaputer-aided
simulaticn of the naval wacrfare enviroaznent. . . .ZOor the
purpose cof supporting the traizning of seanior naval oificers
ir. force-level tactical decision making and manajement in
command and corntrol."

In addition to JUCSC, the NWISS is resident at the NPS
Wargaming Aralysis ard Research laboratory where it is used
prinarily to introduce wargaming to studeats and to expose
thea to tactical, force-level decision maxing prodliems in
coamand and control. The NWISS supports a two-sided (Blue
vs. Craage) scenario irn waich opposing sides can define,
structure, and dynamically controi forces with the support
of ar umrire-like function called Control. YMormally, at
N?S, the Zorce building and structurinj phases are accor-
piished ty the instructor and the stuilents bkegjin the waryame
phase with a predefined scemario and force structure. (Tre

14




most often used (at NPS) set of scerarios is based on opera-

tions in the Sea of Japar. Since the autaor's NWISS experi-
ence was as a Blue player, this thesis uses the Blue Zforce
levels and rames from the Sea of Japan scernario set.)

During the wargame phase the two sides must pcsition and
ejuifp their forces and sensors to be ready for whatever tle
scenario entails, staying within tne rules oi engagenment,
ard to engage the oprosingy forces in conbat when appropri-
ate. The NVISS can support various "views"™ of the action,
representing the current tactical situation xnown to a user
through the various sensors organic to his coatrolled force
elenents. Thus thne Rlue side may for exangle coasist cf
several views representizy different warfiare comazanders.

Typically a player has at his disposal an alpharnumeric
display capable of showing various information status
toards, a color graphics display showiny force positioans
(¢ith Naval Tactical lata System symbology) and sensor
information superimpcsed over a map of the area of opera-
tion, and an alphanumeric terminal for entering the fplayer
commands. Via keyboard, the player nay ernter strictly-
fornatted comnands to change the sraphics display
characteristics, to eguipr ané move rorces, to control
sensors, to engage eLemy forces ari, iz gyeneral, to conmmard
ard control the pattle from his view. The alphanumeric
terainal can also be used to send ard receive messages
Fetween plajyjers (views) of the same siie and/or Control.

The purpose of this trief description of NKISS is to
provide a sense of the system's overall capapility anad, aore

inportantly, to emphasize that, as currently coniigured at

i
NES (but not NOSC), all input to the J4ISS froa its players
is via keyboard. Although a fair degree of user rfriendii-
ress has been incorporatei such that proapts and heip for
entering the next field of a command are readily provided

and only encugn characters rneed te typei to guarantee

15




unigjueness, and errors are easily corrected, coammand entry

can still be a laborious, error prone, time consumirg task
for many users. Precise antry of force names, weapcn iden-
tifiers, latitude-longitude, bLearings, ranges, altitudes, et
cetera is required and errors are not always easily forgiver
by dWI1SS.

D. PURPOSE

The predecessor to NaISS at NP3 was the wsarfare
EnvirorLzental Sipulator (¥2S), also dzveloped at §OSC, vwith
mary of the saine capatilities as NJ4ISS but to a lesser
degree (particularly in systeum respoans< time). In 1981, .
J. ¥cSorley published his master's thesis at NPS on thae
subject of using voice recognitior technology to run WZS.
Using a discrete voice recoguizer (Threshold 600), e
compiled a set of typical 7ES coamands and conducted an
experiment with 12 subjects of varied typing abilities and
voice (microphone) exgrerience to Geteraine which input
medium was superior. Based on lengthy statistical analysis
oL speed arnd arror results, McSorley [Ref. 6: p.65]
concluded thnat "the subjects were anle to input FES coamands
faster and with Zewer total errors using the manual typing
mod=2 thap with voice mode." Since McSorliey's subjects were
using discrete voice and had an average typing ability
tetter than 35 words per minute, the rasults are not too
surprising.

2. 1Thesis Cbjeciive

One reasor for summarizing McSorley's work is to
Show taat interect in applying voice recognition technology

to coapiter-aided wargames is not new. Such wargames are

16




W—mm ——
) LY

Ve

highly interactive and nence invite attempts to improve tre
interaction (and the participants are usually willirnj
subjects in new or experimental undertakings). Givern tlLe
inherent advacntages to voice input stated earlier, it secezs
only patural to want to apply speech recoygnition teckunology
to a wvargame such as NWISS.

The more cogernt reason for reporting dcSorley's
results is to establish the grounds for this thesis: to

make use orf the progression from discrete to contimnucus

volce recognition technology and build a voice input mediua
to NWISS which has thke potential to compete eifectively wita
the keyboard both in speed and error results. iiith sach an
irput mediun, NWISS players will be able to sperd their time
more profitakly in mcnitoring the Jrapnics display and
status bcards and in comnanding ard coatrolling threir fcrces
with more natural voice commands as opposed to being tied to
a teyboard. However this application oI continuous voice
recognition technology is not intendei to, nor can it,
completely replace tle player's alphanumeric xeypoard.
Pather it is intended to substantially iaprove the zan-
macaine interrface £or N%ISS and alliow the player to ferrorz
all but a very small part 2£ Lis input with voice vice tae
keyboarad.

Given the commercial state of the art (as rerre-
sented ty the Verbex 3000), the challengye is to thorcughly
scrutinize the subject application (L7ISS) and so 3esign
granmars and a grammar tracsition network in soltware such
that grarpar voundaries (which tend to be "discrete") occur
in places where natural pauses OCCUr OLF wLere the user cau
te easily induced to pause with miniamal disruption to sgeech
patterns.

Thus tne purpcse 2f tnis tnesis is to show tnat
continuous voice recogynition techrnolojy can be eifectively

app.i€d to a computer-aided wargawe tarcough demonstratiorn or

17




the software design frocess
ating instructions (Chapter
' Blue player coamands, force
cetera for the Sea of Japan
words or symbols) have been
overlapping) grammars in aa

Frocess.

(Chapter 2) and the user's oper-
3). To be precise, the NWJISS
nases, weapon identifiers, et
scenario (totalling about 15)
placed into 10 different (but
applicatioa whicin uses akout 800

lines of Pascal to control the network flow between grammars
ard restructure textual output to ¥WISS reguirements. The
application is designed to be user friendly and rejuire a
minimum ¢f player involvement with the mechanics oi the

18




II. SOFTWARE DESIGHN

As noted ir Chapter 1, the ap,lication of contiruous
voice recognition technclogy rejuires careful study of tae
man-machine interactive process being substituted for or
supported. In the case of NWISS, such guestions as the
following must be answered:

e Where will natural iuput pauses occur?
e What feedback or prompting will the user reguire?
e VWhat means nust ke provided for error control?

¢ How must the data be structured for the host computer

and what special data characters, if any, are needei?

e How will the overall process pe controlled, particu-

larly in the time domain?

The answers to these and other reiated guestions leadé to the
initial design of the graumars and the application control
program. Tbuis chapter will define the NWISS reguirerments in
terms of input command syntax and data structures, descrite
tae grammars which resulted from tie design process, and
provide some insignts to the structure of the appliication
program code.

A. NWISS REQUIREMENTS

1. Command Syntax

There are aprroximately 37 coanands which the NWISS
player can issue to forces urder his coatrol for maneavering
and launchirng platforzs, controlling sensors, and ergagszéent
(Ref. 7]. 1In this pafper these are referred to as "FCa"
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cormands of which about 23 are used with any freguercy at
NPS and have been included in the continuous voice recojni-
tion application (see Tabie I). There are approximately
apother 20 commands an NWISS player can use to control the
graphics display characteristics, obtain bearings and accoz-
plish cther actions [Ref. 7). Agairn these 20 conmmards are
not all used at NPS ard so the 10 commands used most often
have been included in the voice application and are
addressed later. The primary reasous for excluding unused
cornands are granmmar and application code efrficiency and
reduced user training time:; these desijn factors and otkhers
will be addressed throughout this chapter. Jhat follows now
is a dJescription of the jeneral syatax and soze exanrples o

Hh

these cormands.

TABLE I
Permitted NWISS "FOR" Commands

ALTITUCE DEICM dISSION SPEED
BARRIEP DEETH ORDERS STATION
BINGO EUCON PZRISCORE SUBFACE
BELIF FI&E PROCZII TAKE
COUKSE LAUNCH E30C WEAPONS
CCTEEF LCAD EEFUEL

a. YFOE" Comaands

The prinmary JVISS comaand syntax is juite singls

and consists 52f the followiny standard format:

FCR <addressee> <comzand> [TIHZ <start-minate>] <Ck>
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where
1.

the following conventions apply:

Capitalized words are command keywords which nay be
entered in abbreviated form (enougu letters to insure
uni jueress).

Lowercaise words inside parentheses are prompts froax
NWISS received when the space or escape character is
struck after the preceding field.

Lowercase words inside arrows are comaand arguments
which nust be specified precisely.

Keyworis and arguments inside bracXets are optionai.
W"FOR <addressee>" is not rejuired for subsequent

ccmaands directed to the saae addressee.

Some specific command forzats and examples are shown in

FCE <addressee> AITITIDE <Iieet>
WFCR VAO24 ALTITULZ 400"

FCR <addressee> CCVER <track #>
"EChR MP60O4L COVER ESOQ2n

FCR <addressee> PERCCZEC 2CSITICN <latitude>

"FOR KiOX PROCEED POSITICYN 36=3I9N 134-55E"

FOR <addressee> FIEZ <nunber> <naae> TORPESC (at)

"FOER CMAEA PIRZ 2 MXu8 TCRPEDO (at) 250306

<longitude>

{track %>

Figure 2,1 Examples of "FOR" Command Syntax.

Fijure 2.1 where <CR>, carriage-return, is assuazd ancd

"TIME™ is nct used. AsS convention #4 iaupiies, tne keyvword
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"TI4E" and its following argument are optional: most player
comnands are entered without specifyiny a desired game tine
so that execution by NWISS occurs in real time.

The "addressee" and "rorce-name" fie¢lds have the
same domain, i.e. all legitimate force-nazes are specified
in the NWISS force-building and scenario definitiorn fphases.
For the Sea of Japan scernarios, the addressakle 2lue forces
number 9 ships, 1 shorektase and potentiaily 100 aircraft
(aircrait do not nave callsigns assigned and hence are not
addressable until launcheld) . Adircraft callsijns cornsist of
2 alphabetic characters followed by 3 digits whereas ship-
names ané shorebases may be abrreviated to tze first 5
characters, e.g. RATHEourne. In additioa, task« force desig-
rators may be used to address collective segments of tae
Blue forces or individual units (mot aircraft). Thus "FOx
1.1" catches the entire Blue tasx jroup includinj all
aircraft while "fOR 1.1.0.0" catches the Kittyhawk rut not
Lher aircraft. Other than "1.1", tnese designators are
selicm if ever used and are in a seass reduniant. TFor tnat
reason plus a technical problem wita desfining periods as
part of ckject nazes in the Verbex 333), only "1.1" is
peraitted in this application. See Tavle II for all allow-
able force-rnazxes.

. "LAUNCH" Coamnand

The longest and most Giflicult "FCR" coamand to
learn nhow to enter properliy to NWISS is tuat rfor launching
aircraft. Akility to correctiy lauanch aircraft is of ccurse
indispensable to game play. To avoild too much complicaitica
ar.l te in ccernformity with how the comnaand is zost often
used, 1ts simplest syntax wili be Jiscissed and is shown
telow:




TABLE 1l
Sea of Japan Scenario Blue Force-names
Ships Aircrait Shorelbase
KITTYhawk MP600-608 MISAna
KNCX SH100-103
LOSANyeles VA000-033 Task Group
MCCCFnick VEQQ00-005 1.1
OMAHA VE100
RATHBourne VYF000-019
SPRUAnce VH 000-005
%ICHIta 7K000-003
WILSOn vs000-009
VT 000-003
VW 000-003

FOR <addressee> LAUNCH <number> <aircraft-type> (evert naume)
<name> {ccurse) <degrees> (speed) <Kknots> (altitude) <feetd>

Upon accegtiny this "Iirst-level" coamand, NAISS responds
witn the prempt MFLT PLAN:" on a new line. In theory the
user may now specify any of akout 25 comiands applicable to
aircraift. Fowever the normal N2S practice is to provide a
WMISSION®" for the aircraft, "“LOAD"™ the aircraift with exgen-
dables, possibly specify a "PEQCEZIED 2053ITICN", and signiiy
tuhe completion of tae launch coanmand wita "STGCP". Ixcept
for "STOE", any of tle other coamands is followed by the
froapt "FLT PLAN:" on a naw line. Tfigure 2.2 shows a

conrplete launch command.

(8}
(7]




"FOR KITTY LAUNCH F14A éevent nanc) F14A1 (course)

210 (speed) 50 (altltu
FLT PLAN: "MISSION CAP"
F1T PLAN: "PROCEED POSITICN 36-3010 137-45zn
FLT PLAN: "LCAD (equipment) 2 PAENX 2 SPAR 2 SWDR"
FLT PILAN: "STOP"

e) 2090

Figure 2.2 Example of Complete Launch Comzand.

c. Graphics Display and Other Comzanis

In addition to the "FOX" coaonands, there is a
large repertoire of comaands for controlling the character-
istics of tne NWISS graphics output. 1In general, the
geographical acea of operation can be centeredi about any
force-name, track, or position specified and its radius can
Ye made as small or as larye as desired., An xmark, circie
or grid (set of concentric circles pluas 12 lirnes of kearing
spread 30 degrees apart) can be pliacel over any force, track
or position. NWISS generated lines ol pearing (LOB) for
passive sonar or ESM (electronic sensor) may be erased or
turned back on. Finally there are other aon-grarhics
comnrands for executing a preplanned laincn (tkhe Sea of Jagan
scenario provides five "canned" Biue laaack plans which
allow the player to get many aircraft up at once), or
obtaining bearing and rarnge irnformation, or overrriding trle
NWISS generated NIDS assignmernts for frierndly, neutral or
erneay platforms. Figure 2.3 shows exanples of some of these
contands' syntax together with an exanmple.
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2LACE (a) g?gLE (around) . FORCE {force-nane>

ACK <track #>
POSITION <lat> <long>
(radius) <nautical-amiles>

“PLACE (a) CIRCLE (around) FORCZ MP®04 (radius) 60"

CENTZR (plot at) FCRCE <force-naame>
TRACX <track #> )
EQCSITION <latitude» <longitude>
WCENTER (plot at) FORCE KITITIY®
<CTIRKL-F> <plan-name>
"<CTRL-F> F14STRCAE.PRE"
BEARING (and range froa) TFORCZ <force-raae>
TEACK <track #>
P20SITION <lat> <ionj3>
{(to) FOKCE <force-name>
RACK _<tracx %>
PISITION <lat> <longy>
"BEARING (and range £from) FORCEZ KNJ{ (to) TRACK BS004w

DESIGNATE (as)

WLESIGNATZ (as) ENEMY BUOO7™

Figure 2.3 Graphics Display and Otaer Player Compands.

-~

2. JNFISS Data Requirements

As shown in Figure 2.3, execution of preplanned
lauaches is accoaplished witkh a "control-:i" followed Dby tre
pian rame. Of greater importance is tine "contrsl-k" char-
agcter with wnich the EWISS player may cancel any commarnd

rior to its cozplete entry and acceptancz by N¥WISS. Ther=




are word and character erase rfunctions also in NWISS but
they are rot pertinent to a continuous voice application
wnich outputs buffered strings of Jata vice keyboard chac-
acter py character output. This means tnat the outrut freo
the voice recognizer must be at least syntactically correct
ard thus in conformity with thne syntax examples shown alove.
In general output strinys aust :ave spatial separation of
comnand keywords and arguzents and spaces aust be Kefpt out
of digit strings wnich are meast to be countijuous siace
NAISS can interpret intervening spaces as cozpletion of tae
fieid (e.g. launching an F14 at 5 vice 5000 feet). Another
requireaent is to sigriryv conpletion of ccazand =ntryvy oy a
<CR> (carriage return).
B. GRAIMAR DESIGN

1. Qverview

As noted earlier, ten Jrammars have bezn defiped for
the NWISS continuous speech applicatioan. %While tae
strictly-rorpatted structure of the NUYISS coamands cozrined
with the Verbex upper linit on granmmarc size helps to deter-
mine the overall grammar desijn, there are nuazerous factors
to consider in kuilding the software (ooth grammars and
Pascal procedure) for any application. Accorlin; to Vertktex

{Ref. 8: p.60], tue c¢ranmar design gjoals are:
e to improve recognition accuracy
e to aliow for feedkback
® to allcw continuity of speec:h
e to allow natural pauses
s to reduc: respornse time

e to allcw error correction
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e to reduce storage rejuirements

As with most sets of goals, tuere are some incompatipilities
among then and tradeoif decisions must be made. TIhis
chapter sectrior will briefly describe the Verbex tools used
to define grammars, describe the major grammars built for
NWISS in detail, and, wherever appropriate, (discuss granmmar
design gecals and tradeoffs vis-a-vis tae NFISS application.

2. Yerpex Grammar Decsign Iools

a. Verbex Standard Notation (VSl)

In a takeorf on Backus-Naur Form (3NF), Verkex
kas created a very lcgicai ani undarstandalkle mesans for
definiry grammars which must £irst be described in order o
define tae UYWISS grarzars. The basic eleaeat of VSE is tkhe
okject, which may be eitier simple or complex. 1A sicple
ovject is a word that the user actuaally speaks. A coazpoand
ocject is a category, or group of objects, ani is so denoted
by placing a period in front of it., Note that a corpound
object can represent a grour of coapound olbjects as well as
simple okjects. Aithin a compound object Zeficition, altec-
native objects are arranjed verticalily and consecutive
objects are arranged Lorizontally. Taus to define a
compcund object which is usel in every N7ISS jraamar, we

write

WONOVNEWN O

to represent the fact that any one of the ten 2igits may te
spoken waerever .digit appears in a higaer level compourd

otject or graazzar definition. Thus
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.course ::= .digit .digit .digit

could suffice as the VSN definition of a compound object
used freguently in NWISS. It may be noted that sometimes a
course may ke specified with oniy 1 or 2 digits. VSUH
defines optional objects with brackets. Herce a better
definiticn cf course mright be

.course ::= .digit [.digit] [.digit]

to allow such variation. However this defirition of
"course" implies a time constraint: tha Verbex 3000 will
corsider the above striny to ke coaplete after the first
digit plus a hali-second of silence. Taous the user needs to
know this so taat, if a course is to be s;ecified with 3
digits, it is spoken as a continuous string without pauses.
The tradeoff here is whether users wust enter "course" as 3
digits always (in which case the Verbex 3000 waits urntil its
timeout threshhold, agproximately ons ainute, to receive all
3 digits) or whether they can enter "course" as 1, 2, or 2
digits with no intermittent pauses.

Finally VSN allows an unsp2ciiied azount of
repetition of the saize object through use o the "+, In
NWISS, aircraft altitudes can vary by several digits in
length. Thus the following definition

.altitude ::= .digit+

accorpiishes the sane task as several coansecitive, tracx-
eted, identical objects. Agaia, Lowevaer, there is the saiue
tine constra’int inposed on the user as above with crackets:
no internittent pauses. 0On tke other hand, a user could
speak digits contiruously up to the Varpex 3000 buffer licit
Of 258 digits2 with the above definitiorn.

- - D - > - - ana - -

25pALS Training Course
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According to Verbex [Ref. 8: p. 64], "a gramnar

is compiete when every compound object included irn its defi-
nition has teen completely defined in terms of simple
objects. There is no limit to the numoer of levels this
defirniticn can take, nor on the scope of complexity of any
level." To see how this definition appliies, the VSH defini-
tion of the WNWISS granmar "positioa" is showa in Figure 2.4.
This gramzar is cornfusing at first 3lance since it seems to
provide for botn latitude and lomgitude kat without speci-
fying waich. That is precisely the joz oI tne applicatior
code: it wcrks in cohesion with the graamar design and
calls Position twice for recognition, tne first time with
the prompt "LATITUDE" and the second time with the promrnt
"LONGITUDE". Here drammar efiiciency is achkieved because
toe application code takes advantaje of tae natural pause
which occurs between latitude and lonjitude expressicns.

Positiorn ::= "1} .dijit .3ijit [.@micutes] .directior
CONTECL_X

.2inutes ::= - .odigit .digjit

.directior ::= i «digit ::= g
2 2
3 3
13 . u
.6digit ::= ) 5
1 6
2 7
3 8
m 9
5

Figure 2.4 NWHISS Position Grammar.




Witk that understanding, we may note that

Position has an optional complex object, .aminutes, whkich the
user is required to begin witn the sentinel "dash™. Since
NWISS reguires the dash from the keyboard as well, this dces
not seea turdensome. Less coaplexity and greater accuracy
are achieved with the object .6digit 3efined as part ol
.2inutes.

Note also that CONTROL_K is an alternative in
tnis gramzar as well as all other NWIS3 gyrammars: tie user
may cancel tne NWISS command at aay point. dore rationale
for the CONTROL_¥ will appear in tae discussion ol the
graarar Nwisgraml1, Further, the Veriex will output N, &, Z,
oL ¥ in accorldance with the voice sSigjnals which the user
trains for thaose symtonls, In other words, tne user 2aay
train and sreak these as "North", "Soutn", "Zast" ard
"iest", TFinally, note that the graamar will rnot prevent
incorrect expressions: oLe could easiiy say "123ua" for
latitude or "95S" for longitude. The grimary purgpose of
graamar definiticn is to define what can be saié legaily.
Preventing illegai expressions is a "side" benefit wkick, i
pursued too far, can cost too nuck in coaplesity, a supbject

Ci the next saction.
. Verber Granmnar Editor

he Verbex 3000 SPADS uas a aernu-ldriven
facility, called GFIZ, for c¢reating gramzars which is lasic-
aliy user frisndly. %With GRID, the desigrner inputs potern-
tial yraamars for an application in V5S4 Zorm, pushes the
S21DS "application generate" function kev, and sits Ffrack.
The result, 1f the gramnars are rnot too complex, is a
conpiete appiication less the Pascal control code. 1In otner
words, Z2ADS autoaatically interprets the GRID-built VSH
file ard builds recogrition instructions rfor the Verkex 3309

tellirng it when and where to look for acoastic inpat
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including long and shcert silences for the grammars in thaat

application. It also creates all thke files necessary for
user voice triicing ard testing of the grammars.

Feyarding complexity, SPADS ge.erates a repcrt
for eacn grammar which states the numper of individual words
in that grammar, the percentage of machine vocaculary
capacity that total represents, and, mnost importantly, a
deterrcination of the grarnar's complexity expressed as a
percentage of machine capacity. Complexity is based on roth
number of words and rumber of ncde traansitions in the
grammar. As tails cozplexity rercentage rears 100, the
Verbex 3000 ability to remain "real time" is reduced
[Ref. 5: pp. 72-75]. Eowever SPADS generally (in the
author's experience) will not generate a grammar with
coaplexity higher than 90% for the maximunm capacity amodel
3000 (four speech processing toards). Tiae formula used by
Verbex tc corpute complexity is too cuabersone to describe
here and is fully explained in [Ref. 8]. However there are
taree izrortant factecrs in the computation:

1. Total nucper of distinct siaple objects or words ir
tte graamar;
2. Total number of words that aay occur as the first
werd of a legal path tLrough the gramaar;
3. TLe averajze lenjzth of all possible patas through the
grammac.
7o provide sore yardstick measure ol coaplexity for compar-
ison with other graamars, the report for tne granmar
Fosition is:
Total vocibulary is 16 woris
Vocabulary is 5% of capacity
Coaplexity is 41% of capacity.
The average path length is the major factor in the
complexity of the Position graammar. Most of the NWISS gracz-

mars fall in the 40 to 69% range for compiexity.
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a. Nwisgranmi

The first grammar from which the Verbex 3000

attempts to racognize NWISS commands is Nwisgram?1. This
grammar is called in for recognition by the Pascal arplica-
tion code as soon as the previous command has been output to
NWISS. 1Its parpose 1is to allow the user to begin any legal
N4ISS coamandéd and then, based on tae recognitiorn result,
allow the applicatiorn code to call in the next appropriate
grammar. The number of ways that one carn kejin a commard
are Lnuz2rous:
FOR <adiéressee>
Graphics commard x
Other non-grapghics comaand
"FOR" command without "FQI <addresseed!
(when girected to same addressee as berfcre
Based on trial ani error experience, these reguirenents are
too large to be nandled by any single grauwmar on the Verbex
2000. Using two or more grammars will not solve the prchlen
since at any instant cnly one can te recogrized and there is
ro prior kxnowledje as to wnich is needed. The only rossidle
solution is a cozpromrise with the rejuirements:

1. Elimirate the possibility of Lbejinning a "FOX"®

ccamand without the "FOR <aldresseed>®W, This szers

only a slight inconvernience to the user. |
2. Create a sentinel for graphics coaranis 30 that a

serarate graarar can be callel 1n upon recogniticn ol

the sentinel. This was dorne using the sentirnel word
"display". Hence the user aust say "dispiay" and
tause for a half-second before entering any graphics
comnands. This is an incorvenieace but in practice
the author nad little difficulty ian adapting to it.




3. A thiril possilktility is to divorce "FOR"™ frou
<addressee> so that the user is reguired to fpause
after "FOR" while the application loads a dgraauar
containing all the Blue force-names. This was tried
and proved difficult as it violates the rule of
placing grammar boundaries where natural pauses
occur. "FOR KITTY" is much Rore natural than "FOE",
pause, WKITTYW,

Another desigr guesticn was hLow to Landle the
“control_f" for executing predefined 2lue launch plars.
Should the user say "corntrol_f' or some more uearningful wori
such as "execute"? The latter alternative was chosen as
being €asier to associate with plans and not teing confused
with the other contrcl character, "control_k", used for
cancelling commands in mid~stream. This character is guite
proainent in use in NWISS, has a distinctive acoustic
pattern, and is shorter than some phrase sucn as '"carcel
conmand". Hence "control_k" is used as it looks. 1In both
cases, the application code converts tane recognized string
to the proper ASCII output character ifor NHKISS.

Similarly, the application coue carn nake the
user's task eisier by not requiriny "pre" to ke said after
each plan name. Thus the plans are specified as A6STERIKE,
BCAP1, et cetera and the application code taxes the recoj-
nized plan name and attaches ".PKZ" to it as reguired rfor
NAISS.

The requiremeuts Zor the lwisjraanl graamar have
been refired well enough that the jraazar carn be specified
as in Tigure 2.5. AS noted edrlier, objects suco as "1.,1v
canrnot te entered intoc GRID. The period is illegal except
as the first character of a complex object. Hence the
appiication code must convert "lpoiatt” to "1,1" for output
to NWIS3. Arother applicatior code conversioa occurs with
.alircraft tecause the Vertex 3000 outputs a space between
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Nwisgram?l ::= FOR .force : 3
’ DISPLAY

' EXECUTE . preplan
DESIGNARTIE .status
CONTROL_X

BEARING TxACK
i BEARING FORCE
1 FCRCE
¢ TERACK
PQOSITION
% «Status ::= TEIENDLY .preplan ::= A6SIRIKE .
e REUTRAL 31IBASH i
i INEYY 3CAP1
. 3CAP2
.force ::= 1point1_ F14STnCA?
.aircraft
«Ship/kase
. .aircralt::= M25 .digit
.8hirg/base ::= KITTY SH1 O .4iJit
KNCX VAQO .3igit .digit
LCSAN V0 9 .diJit
MCCOR VE1 0 _ 5 77
AISaw VFO .digit .dig3it
O MAHA Vid0 0 . d1Git
RATHE VKO 0 .di3it
SEEUA Vst 0 .digit
WICHI Viv 9 .d13it
FILSO vid 0 .dijit
Figure 2.5 N#ISS Nwisgraal Gramaar. :

eacn object it recognizes. Hence "li2ed4" is placed in a
tuffer as "4p¢ O 4" where tne progyrae taen rexoves the
offending spaces prior to output to NWIS3S. Too Tany COnver-
siorns such as "1.1", ".PRE" and aircrait callsijyns add to
tne lenjth ard complexity of the application code and rctern-
tially can sliow the real time capanility of the Vertex 2300.
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Hence the effort should be made to place objects in graazars
exactly as they are to be output where possible. The SEaDS
report fcr Nwisgram?l1 is:

Total vocabulary is 49 words

Vocabulary is 14% of capacity

Complexity is 48% of capacity.
Here, by comparison, the complexity is sorewnat aigher than
that (41%) Zor Positicn, lue to the driving factor of total
nunber of worils.

r. TForce, Track, and Position

The last three objects of Jdwisgraal's top level
definition are not just objects but aiso the names of three
individual grammars. Their appearance in Hwisgraal is
necessitated by the syntax of the "BEARINGY" coamand as shown
in Figure 2.3. Becavse FORCE, TRACK azda PCSITION are used
often as cormiad keywords and tne size of their respective
argument dorains precludes lumpinj thea together or inside
some otler grammar and tae argument can be 1nade that there
is a natural pause after these keywords but before specifi-
cation cf their arguments, they have L2en specificd as
irdividual craamars. Since Position has already been evan-
ized (see Figure 2.4), the Force and Track gramzars will te

described.

Fecrce ::= lpoint1

.aircratt .0rngpoases ::= WCHSA
.ship/base ALZKS
.orngktases PETEQ
CONIROL_K VLAD

The Force graamar is quite similar to the coaplex olject
.force in YNwisgraml. The onlv Jdiifereuce is the additicu of
.OCLgLkases tecause NWISS allows th2 Blue player to request

Learings on Oranje bases by name as well as positicn Zor




convenience. Hence the redundance between Nwisgraml and

Force is considerable but necessary: one grammar can not be

devised to do the jok of both. This graamar overlap ras a

cost in terms of storage space and user traininj tiue but is

unavoidatle. Tke SPALS report for Force is:

Total vocasulary is 37 words

Vocabulary is 11% o
Compiexity is 587 o

Tane nuaber of initial path words
this coamrlexity iigure.

The Track grammar is relatively smnail and sizple

but is called quite citen:

Track ::=

[ a)

capacity

(2]

capacity.
(27)

Ea0 .digit .digit
BEO .digit .digit

BP0 .digit .digit
ESC .digit .d1igit
BUO .digit .digit

CCNTROL _K
The SPADE report for Track 1is:

Total vocabulary is 15 words

Vocabulary is 5% of capacity

Complexity is 24% of capacity.

7o see hcw the application code coaes

consider the BZARING command: whea the user says

iunto piay

MEEARIVS

FORCE", for example, a complete path tarough lwisgraami

€xists and the result is placed ir a bufZler.

Tae applica-

tion code analyzes the buifer contents anu determines that

the kufier conteats shoull ke sent uncaanged to HYISS with

space alter "FORCE", then calls in granzar Force for recoj-

is the major factor in

,

a

nition, checks the contents again for necessary cConversions,

outyuts the converted string witn 4 trailing space, returas

to Wwisgraml to see what the next <eyword in the cokmand

will Le (a choice of FQLCZ, TFJACK,
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this keyword followed by a space, calls in the keyword-
specified grammar, performs any necessary COLVELSiORLS arnd
outputs the string followed by a <Ck>. <

c. Display

As previously discussed, Nwaisyraal contains tae

sentinel "DISPLAY" to allow the agplication control software

Display ::= EADIUS .digit+
DROP TRACK
CZNTER FORCE
CENT Ex PCSITION
PLACE .what .where
CANCEL .what .waere
PLOT LOB ES4

PLCT LCB SCHNAR

g

CONTROL K
.wWhat ::= CIRCLE .#here ::= FORCEL
GRID TRACX
XMAGK POSITION
ALL

Figure 2.6 NWISS Display Grammar.

[o Y
L]

' to call in the grammar with that rname snown ia Figure 2.
The SPALS report on [Cisplay is:

b Total Vocaculary is 23 words

Vocabulary is 3% of capacity

Seviar -

Complexity is 497 of capacity.
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Airorders

BARRIER

BIN GO
CON TRCL_K

$:= ALTITUDE .digit+

COURSE .digit+

COV Ek
EACON .plan
FIRE

MISSION
ORD EES
PEOCEEZD POSITION

REFUEL VXKuUd .4digit

.Alission

SPEED .digit+

TAKE
WZA PONS FRIE

how

WZAPONS TIG4T

.Mission ::= ALY .plan ::= AEW
AIRTANKER AIES
ASH RADIA
CAF SILEN
SEAFCH SONAE
STECA?Z SUkKF
STRIKE o
SURCA? <4digit ::= 9
«now ::= AIR 2
ALL 3
ZNEMY .ereay
SU3BAARINE ~2L2ay ::= AIE
SURFACE all
SUEMAERINZ
SURFACE
Figure 2.7 NWISS Airorders Grammar.
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d. Airorders and Shiporder

These two grammars are the largest and most
conplex developed for NWISS. The difference of singular vs.
rlaral in the names is due to GRID not accepting gramaar
nanes longer than nine characters. As the namnes indicate,
there is sufficient difference between the types of orders
that aircraft and ships receive to justify individual gram-
mars for reasons of reduced complexity and increasei
accuracy. Cre of these two graamars is called from
Nwisgraml every time "FOR <addressee>" is recogrized (both
1«1 and MISAW call Shaiporder). Fagure 2.7 contains
Airorders. ©Here is the only instance of ccmmand arguaerts
teing excludel from a graamar because of lack of use at NPS
and need for =fficiency: there are actually 14 possikle
aircrat missions in NWISS kut only 8 have been included in
Airorders.

Figure 2.8 contains Shiporder. Compariscn with
Airorders shows that the two grammars have nine commanis in
cormon. SPEED is defined differently in Shiporder because
ship speeds can be narrowly defined. 1IZ ships ever go
faster than 39 knots, the grammar aust be changed. The
SPADS report for Shipcrder is:

Total Vocatulary is 42 woris
Vocabulary is 12% of capacity
Complexity is 58% of capacity.

€., launch

Because o0f its difficult aald lencgthy syrntax (see
Figure 2.2), and a large vocaltulary rejuirement Jue to tre
large numker of aircraft types which can be launched and the
largye number >f experndakles whica can oe loaced on the
aircraft, th2 LAUNCE conrmani merits 1ts own gramaar. The

launch jrammar can only ke called from Suniporder whern that
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Shiporder

s:= BLIP .on/off

CONTROL_K

COURSE .digit+
DECM .on/off
DEPTH .digit+
EMCOW .plan

FIRE

LAUNCH

OEDERS

PERISCOPRPE

PKOCEZD POSITION
R30C .on/off
SPEED .digit
SPEED .331iy .digit
STATICN

SURFACE

TAKE

FEA POXNS FEZIZ .aow
WEAPONS TIGHT

[2¢dos] o] gilael
izl
w12l
=0
i

O

Figure 2.8

comnand is stated ty the user.
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»3digit ::= 1 ¢ AEx
2 AIRS
2 FADIA
SILEXN
SCNAR
«2neay aIR SUKF
ALL
SUBMARINE
SURFACE
-— 4
NWISS Shiporder Graamar.

As noted earlier, only a
siaplified version of the command syntax is sugported in

this application and hence the grammar is smaller than Dight




launch ::= .digit .acfttype .acfttype .digit

.digit [ .digit] .wpasload

CCNTRCL_K

Lcap

PRCCEED POSITION

SICP

.acfttype ::= AEE .wpnsload ::= HARP

A% MKU46A

E2C MK 82

EA3B 4K33

24638 MK 84

F14A PHENX

F 14T SHRIK

KAED SPAE

P3C S2538

S3K $8047

SH2F S3SQ53

SH3H 55962
SWDEK
WALLI

Figure 2.9 NWISS Launch Grammar.

otherwise te regquired. For instance, the <event-name> argu-
ment can only be specified as the repeated aircraft type
Flus a single digit. The choice or "FLT PLAN" coamanis is
limited to 4ISSION, LCAD, PROCEED POSITION, and STOP. Here
is an instance where the apgplication prograa is used to save
graamar storaje space and coaplexity: the MISSION comaanl
and its eight arguments are not part of lLaunch. 1Instead the
applicaticn code calls in Airorders for recogaitior at tnat
point, provides a display message to the user (Ieedtack and
guiaance to users is described more filly in the next
chapter) asking for the mission, outputs accordiingly and
returns to the Lauach granmaar for the next recojnition. The
sade 1s true 52f the course, speed anl altitude arguments for
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LAUNCH wherein a "utility" grammar, Digits (exactly what its

name implies), is called in three times with a different
display rrompt each tibe.

The implication above is that grammar design ard
application program design are intertwined so that consider-
ation cannot be given one without the other. A further
iaplication is that the user is forced to follow the applii-
cation progran sequence of directions in entering tne launch
command. From one viewpoint this simplified syntax and
controlied sejuence cf input eases the user's job. 7From a
differert point of view, it costs the i1ser in terms of the
flexibility afforied ky the keyboard. (O course there is
always the option to increase jraamar and progjran comzplexity
to rrovide such flexibility.) The SPADS report for launch
is:

Total vocabulary is 41 words
Vocabulary is 125 of capacity
Complexity is 40% of capacity

f. Fire

The FIRE (TORPEDQC) coraand syntax appears in
Figure 2.1. In addition to torpedoes, NWISS plav.rs can
FIREZ cruise aissiles using the following syntax:

FIRE <aumier> <name> CRJISE (missile)

AT <shore-base>
EEARING <dejrees> RANGE <nautical-ailes>

"FCF SPRUA FIRE 3 HRPON CRUISE (missile) AT ALZKS"

The Fire grammar can be called from eitaner Airorders or
Saiporder and appears in Figure 2.10. Although the FIRE
conmand is much less complex than LAUNCH, it still has a
larje enough vocabulary regquirezent to merit a . .arate
graamar. As with LAUNCH, the FIRE (CRUIST) coamand is
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kroken ainto parts. Hcwever the application code does not
tranch to other grammars but simply recalls Fire until the
conmand is complete. The SPADS report for Fire is:

Total vocabulary is 26 words
Vocabulary is 8% of capacity
Complexity is 42% of capacity.

Fire s:= .digit .cruistype CEUISEZE
.digit .torptype TORPEDO
AT .base
BEARI NG .digit+
RANGE .digit+
CONTRCL_K
«.Cruistype ::= gggg§ .torptype ::= %

.kase ::= ALEKS bl
FETERO

Pigure 2.10 NWISS Fire Graamar.

C. PASCAL PROCEDURE LESIGN

Numerous references to the "appiication code'" in
preceding sections have aiready indicated what its purposes
are:

¢ to rrcvide for the control of the interactive process

Ltetween the user ard the Verbex 3090

e to control data cutput to the Lost process, NWISS.
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Hence calling the correct grammars ir sejuential order is
not enough: feedback must be provided the user so that he
knows the machine's status at all times. In part this is
accoamrlished automatically by indicator lights on the Vertex
3000 User's Console. 1In part it is acconmplished by the
system response of the host process to which the user is
inputting ccmmands. Finally, with regard to the subject at
hand, it is also acccmplished in part by the visual and
aural messages which the application program generates to
the user throiuagh the User's Console. (No aural feedlack is
used in the NWISS aprlication).

Appendix A of this thesis contains the approximately 309
lines of Pascil code used to control tone NWISS continuous
voice agrlication. This chapter section will descrite tne
Verbex predefined functions which appear repetitively
throughout Appendix A and predefirned types and explain the
reasors underlyirng the programming technigues used.

1. Verliex Predefined Functions ani Trpes

It was rnoted in Chapter 1 that Verbex has created a
library of about 20 rredeiired functions to ease tae
programzer's task. Bowever the SPADS is still in beta test
status and many of these functions do not work yet, though
they are delined. Of those that work, oniy three are uased
in the NYWISS application and are Jdefined below:

1. eccdnize (Jranzarrane, tifferniae) is the workhnorse

urnction. It tells the Verpex 3J02) to begjin
listering for acoustic sijrals matchinj; the ramed
yraamar and to place the output resualt in the nazed
buffer (of tyge "strinyg"). ALl Verbex functicas
return a vilue of type "short" to indicate success or
Zailure or some other approgriate result. Fecogrnize

can return four values: 1) voiceiln ZTeans success
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2) recognize-tad means failure 3) timeout means no
input which could be classified as recognizable cr
unrecognizable was received for approximately one
minute 4) keyradin means the recognitior cycle was
interrapted by the user from the User's Console

keypad.

2. Hdestwrite(buffernace) tells the Verktex 3000 to write
the contents c¢f the named buffer (string) to tne host
ccmputer (NWISS in this case) and simply returns

success or failure.

3. Displaymessagecleac(display prinmarv, asssage) tells

the Verbex 3000 to write the messaje (of type string)
to the 32 character display on the User's CoLnsole ani
simply returns success or railure.

Scme other furctions were invastigated bat fcuri rnot
to work. This was unfortunate as it nade the progranmirg
task for NWISS a rather tedious one in terzs of coamparing
and manipulating character striags character by character.
Nordgcourt(striag), Fordfisd (strirj), Stcingcopy(strinil,

string2), and Stringcompare (stringl, striang2) are fairly

descriptive names of functioas waich are defiped in [Ref. 5]
and are expected to work with the next SPADS software
release. Thus the Aprerndix 3 software #1ill nceé a fair
amount of revamping ir orier to tace alvantay: of these new

functions when tuhey are available.

-~

2. pProyraaaing Iechnijues

The job of tle voice application jrojraszer is to
write a Fascal procedure witkh the rare "a;;lication”. Caly
that name will sufZice as the procelare 135 ictceided oy the

S230S5 coapiler into the starndard operactin; software ior the

Vercex 3000 where it is calied at taw agpororriate tiage. The
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NWISS application prccedure in Appendix A uses a high nuatcer
of labels (35) and a proportionate number of GOTO state-
ments. This is due in part to the fact that it was rnot
possible to define functions of the predefined type "string"
such as will be available from Verbex, and in part to the
fact that the GOTO statement is efficient and saves orne from
indenting off the right side of the page in a highly nested
ervironzent which easily results when jumping from c¢racmar
to graamar. The program is 25,000 Lytes iong and hence
close to the Verbex 3000 upper limit of 30,000 bytes.?® For
this reason and to allow roca for yrowth, the comments have
been kept to a minimun but are irtended to be adequate for
the purpose of future updates and maintenance.

3SPADS Training Course
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III. USERIS GUIDE

To use the NWISS coantinuous voice application groperly,
one must invest approximately three hours both in learning
the operation of the Verpex 30J0 voice terminal and in ’
training voice patterns to the grammars. This investmert :
may be two or three times more than trat required to becore ' i
proficient at inputting NWI SS comamands from the keyktoard §
(given that one already has a fair amount of keyktoard expe-
riernce). Nevertheless, it is the author's orinion that the
icvestment in voice input will more than pay for itself in
time saved and reduced aggravation wiaea several lengthy
WISS sessions are to be played. The reasons for this
opinion have already been stated in several places in tiis
thesis and stem from the inherent advantajes of voice input:
naturalness, speeid, hands-free and eyes-free (relative to a
keyboard) input. Further it is dirficult to output mistakes
in the sense that the NWISS grammars only have "correct"”
objects to ke output and substitution errors are exceedingly
rare if a person has taken the necessary time to train voice
patterns preoperly. This chapter will move seguentially
through the steps which a prospective user oI the NWISS
continuous voice applicatiorn should follow in becoaing
Eroficient.

A. L1EARNING OPERATICN OF THE VERBEX 3000 USEP'S CONSOLE

Vercex has published 3 very readadble, iliustrated ofger-

ating manual which is called the Supervisor's Manual

[Ref. 9]. 7This manual should be sximized ané referred to
during the user's first lozin to tae voice ternminal. The
orly amplifying instructions are tanat after the systes is
rowared up and completes its self-bcot, the user should tyre
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£ s AR s St (man

nwiss/nwiss

on the Jerbex 3000 associated V1102 keyboard. This will
cause the NWISS application to be loaded.

B. EEBROLLING THE NWISS VOCABULARY

The first step in training one's voice patterns cn the
Verbex 3000 is to enicll the entire vocabularv (K¥ISS vocab-
ulary is 151 words) at ore time. This meaLs that the Vertex
3000 will automatically step the user througa ali 151 worls,
requesting €ack to be spoxen twice, occasionally three
times, to get an initial set of voice patterrs for each
word. This process should take only fiftecen winutes.

In order to rake the enrollment process 3o smoothly, the
user snould take time beforehand to looxk at the vocabulary
and decide wnat rronunciation will be given each word. As

rany of the NWISS words are really just syambols put together
to nake an aircralft type, weapor type, track numbker, call-
sign, et cetera, it is important to do tnis beforehand. Sce
Table III for a complete !IWIS3 vocabulary ordered (coclunn by
coiunn) the sime way as the Verpex 300J will present it.
Suggested ruies of thumt for pronunciation are:

1. 1In gensral, use the most natural pronuxciation whica

ccmes to aind.

2. Proncunce nunkers which appear as part of fixed iden-
tifiers naturally, e.3j. "F14id" as "F Zourteern A" or
"MKU3" as "mark rorty-eightn.

3. Do pronounce digits which appear as part of variatle
strirngs, e.g. callsigns, track auabers, tearings, et
cetera, as individual digits, e.yg. "ALTITUDZ 2500" as
WALTITJIDE two £ive zero zero™.
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4. Proncunce -, N, E, W, and S as "dash", '"north",
Neast", "yest" and Ysouth".

5. Do not use the phonetic alphabet for individual
letter pronunciation. It is not natural or neces-
sary. For example, pronounce "VAQ24" as "V A zero
two four® not "victor alpha ..."

6. Give the full rronunciation to abbreviated ship
names, shore rase names, and weapon nazes, e.9g.
“Spruance", "Iomahawk!, "Harpoon", "Sidewinder",
#Misawa. ("Kitty" is perfectly acceptable icr
"Xittyhawk") .

C. TRAINING THE GRAMMARS

The next step after enrollment is to train the NFISS
granmars. This means that the Verbex 3000 will autormati-
cally step the user through a large nuaber of triplets (3
words in a thrase). This training can be tedious especially
with the number of digits used in NWISS. However it is very
important to accomplish this training properly to get good
recognition results. (After the earoliment phase, one could
choose to test his or her recogrition accuracy on the Vertex
3000 and would find scores rarging around 50 or 60. After
the training phase, testing is automatically invoked and
should show recogniticr scores in the 30's.)

To make tnis training less tedious, the following change
Las Leen made to the Verkex 3000 schene of training: the 32
character display on tlke User's Ccnsole will ask whether it
is desired to train

ALLGRAJMAES?

The only correct resronse is NO. It wilil then ask the user

whichk graamars to train irdividually. Thais is tkhe desired
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mode. It allows the user to take a break in between gran-
mars for as long as desired. With "allgrammars", the
machine retains no memory of where one leaves the ordered

list of triplets and, in essence, a marathon training

session is implied. For this reason, and to conserve space,
the NWISS %"allgrammars" is merely a shell with but a few
entries to plszase SPADS' expectations. Training the gram-
mars individually should take about 15 or 20 rmiputes each,
depending ot size. The Digits grammar is last on the list

and may ke left untrained as the user will get to train zanmy
digits in the other grammars. However if digits ever seeu a i

problem, then it may be worthwhile to train Digits as weil

D. TESTING

§
| as the other granmars.
After each gramaar has beer trained, the Verpex 3000
will ask the user if testing is desired. This is a worth-
while twWwc-minute exercise in which the Verbex 3200 displays
| complete legal paths (not just triplets) tmnrough the graaazar
ard, after the user has spoken eaca, displays the recogani-
tion score for that utterance., Scores should generally te
in the S0's with a few 80's. Scoras in tue 70's and below
may indicate retraining is needed.
However conplete fpaths througa graazars are not complete
NWISS cozmarnds. Users should test their "reel" for gramaar
; boundaries, where pauses are reguired, by testing orn NWISS
' itself (after training all grammars ani prior to teginning

oreration). Figure 3.1 contains a fairly representative
sample of NWISS commands which the user shoula attempt.
Pauses are indicated ty "..." and proadts are inside
parentheses. '
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E. OCPERATIONAL USE

After the enrollment and training phases are over, the
interesting phase begins: actual input to NWISS. What
follows are a few suggestions to make this phase easier and
hopefully trouble-free. In general one saoulé enter the
NWISS corxmands in accordarce with the display messages
(which arpear on the User's Console every time the Verbex
3000 aust leave one grammar and call in another) ard with
the "feel" for those grammars obtained froa training the

triplets. Speech is continuous within a jrampar but

discrete across graapar boundaries. A few guidelines are:

1. A pause 1s always recguired after sayinyg "FCR
<addressee>", "DISPLAY", "FORCE, "IRACK", or
"EFOSITIONM. (dait for the appropriate display preapt
tefore continuing). 3

2. Wken speaking a field of digjits, prepare ahead of
time what they are and speak them continuously
without pausing ia the middle. However this is not

true of positions (latitude and longitude), aizcraft
callsijns, or track nuabers (i.2. FORCE, TRACK, and
PCSITION) whicnh are deiined as cfixed lengta fields
and may be entered as Jdiscretely or continuously as
desirei.

3. Simple commands which Lave only one arjuzent of
digits should Le spoken cortinuously, e.3g. "SPLED
35", “RADIUS 50", or MALTITUDEL 20390".

4, Fer the more difficult ccmaands (i.e. FIEE, LAJNCH,
BAERIER, and SIATICON) the cozxmand keyword itsels

serves as an entry poiant to othaer grazaars and appli-

cation code and hence a pause is reguired after it.




Under "LAUNCH", <event-pame> must be specified as the
aircraft type plus a single digit, e.g. "Fi4a 1" cr
WE3C2",

Cenversation with other players can easily trigger
recognition in the Verbex 3300 and cause unwanted
output to NWISS. This can be prevented by swirnging
the headset microphone away ard covering it with the
hand or pressing the "STOP" buttor on the User's
Console. This latter method is most effective acs it
stops the Verkex 3000 from listening ard is easy to
clear: simply press the "YESY" key in resporse to tie
"CONTINUE?" message on the display.

Don't panic if the above happens. M"CONIROL_X" can be

issued frou anywhere and wilil return the process back
to Nwisgram?l1 ("INTZR NWISS COMMAND PLEASE" is
displayed).
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The scope of this thesis was confined to the analysis of
NWISS command syntax and the creation Jof continuous voice
application software tc weet the reguirenments develcpel fron
that analysis. The result is that NWISS users can ingut
their commanrds using their most naturul mode of comaurica-
tion, speech, as the means of input. #hile the thesis
obkjectives are thererore satisfied in this practical sense,
wiether the higher gcal o:i achieving a truly effective
iaproveaent in man-machire interaction aas been acnieved
cannot re krnown until independent, operational testing is
conducted. At this time no ore but tne author nas traired
their voice patterns cr the Verbex 33J) and exercised the
N4ISS continuous voice application.

Hence the prircipal recoammendation is that thae H%¥I3S
voice application be used, tested, refined and izproved to
ensare that the above goal is achiesved. OCrnly throujh use
will the pitrfalls be fourd and corrected. The reguirenents,
as analyzed here, will change over tiae and be reinterpreted
several times as well. UNew NWISS scenarios are certairn to
ke develcped and reguire new force naazes, tase nanmes, et
cetera. ThLe Oranje side rneeds to aave its contirnuous vcice
applicaticn too: hozefully that will not be difficult to do
in 1lignt of this thesis. Thus, like any original software
work, the NWISS voice application will need to be acdifiej,
ir ail likelihood extensively, and toward that end it has
teen defined and organized througyh this thesis.

Sonme thought should perhaprs be given to approacking the
probtler from the other end: how shouid NWISS counarnd syctax
te chanjed to reflect the needs oi voice input? One sugges-
tior is that NWISS not nandle the incoaing data character by
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cLaracter, as from a keyboard, but instead "buffer" and
parse the entire command: the user can then "send" the
buffer if it is satisfactory or caancel it. Prompting can be
adeguately rrovided by ths Verbex 3000 in such a setup.

Some "reyuiremerts" have rot been met. In particular

the ability to specify the "TIME" of a command is not avail-

able. This is the result of a design judgment that it would
ke too difficult to fprovide and is seldom usedi. Another
lack is the ability to get help (keyboard "?") at any place
in a ccumand. The prcbiem here is that to yet the desired
effect, every grammar must have a wultitude oi legal paths
defined which end in "?"., However, witnh careful study, one
might te able to redefine some of the HWISS grazmars to
allow "help" to be spcken in the middis of a comaand where
it might most be needed. Here is a situation where fernags

NWISS modification, such as having a separate "HELP" command
whereby one would specify the ccmmand and/or command argu-
ment where help is needed, might Le easier to acconmplish.

e i i

One or two additioral granmars would be rejuired on thae

Vverbex 3000 tut there is rocm for tnat. <Creation of such
graamars woull also facilitate implementing the "CANCZIL"®
command of NWISS waich is not izpleamented currently.

There will be some who criticize tae jramazar boundaries
as either being misplaced or just too "discretet®. Either
criticisz cculi well ke valid: misplaceaments carn be
corrected to some extent but the length of pauses for
grammar toundaries will ke more difiicult. Ornly faster
processors and faster, larger aemories can solve this
pcoblem. The Verktex 3000 represents tae state of the art
(commercially) today in teras of affordatle centinuous voice
recogrition technology.

Soretire in the foreseeabie future men will talk natu-
rally to nachines and machines will talk back ia clear,

undarstandacle prose. Obviously the NWIS3 continuous voice
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application is far removed from that scenario, but it repre-
sents one of many steps which must be taken. To the extent
that computer-aided wargames such as NWISS entail a higt
degree of man-machine interaction and model the real wcrld
where military decisicn makers must make real time decisions
ir consort with a computer, they serve the purpose of
promoting man-computer syabiosis. Hopeiully this demonstra-
tion of continuous vcice recognition technology will form a
foundaticn for further study Ly others into its £full possi-

bilities in advancing the state of man-machine interaction.
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