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ABSTRACT

This report reviews the human factors 1ssues associated with
the use of voice technology in the ccckpit and areas for future
research are summarized. The current formulation cf the LHX
avicnics suilte 1s described and the allocation of tasks to voice
in the cockpit is discussed. State-of-the-art speech
recognition technology is reviewed. Firnally, a questionnaire
designed to tap pilot opinions concerning the allccation of tasks
to veocice 1input and cutput in the cockpit i1s presented. This
guestionnaire was designed to be administered to operational AH-1
pilots. Half of the questionnaire deals specifically with the
AH-1 cockpit and the types of tasks pilots would like to have
performed by voice in this existing rotorcraft. The remaining
portion of the questionnaire deals with an undefined rotorcraft
of the future and is aimed at determining what types of tasks
these pilots would like to have performed by voice technolcgy 1if

anything was possible, ie. 1if there were no technological
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factors in the succescsiul development of these aircraft.

In deference to the criticality of this issue research is
being cevoted to the design and optimization of the
pilot/aircraft interface 1n the LHX series of aircrart. Many
functicns will be automated based on data fusion techniques and
the wuse of artificial intelligenrce. tloreover, bused on the
assumption that the pilot's visual input/manual output channels
are already overburdened, voice interaction with avicnic systems
will be irplementec. Voice command via automatic speech
recognition will provide the means for systems contrcl and
interaction without necessitating the use of the pilot's manual
contrel rescurces. Similarly, the use of speech generation as a
means of information display and feedback will reduce the wvisual
processing load.

Speech technology, both recognition and generation, has
advanced at an extremely rapid rate in the last decade and |is
becoming increasingly desirable as a medium of interaction
between humans and computers since it is a natural and efficient
mode of communication that alsc frees the hands and eyes for
other tasks. The benefits associated with speach technology
pArticularly suggest its wuse in the helicopter cockpit where
visual and manual channel loadings are so high. Optimal use of
this technology, however, is dependent wupon whether it is
allocated to those human tasks that are fatigquing, difficult, and
distracting. 1In essecnce, the primary consideration governing the
integration c¢f speech in the cockpit must be human capabilities
and needs. Since sgpeech technology offers a new dimension in

human/computer interaction, there is a temptation to use it as a




INTRCDUCTION

Advances in technology, particularly microgrocesscr
cechnology, continue to broaden tne scope of military aircraft
missicns. Coincident with increased mission complexity and
aircraft arformance capabilities are increased demands upcn the
pilet who is required to monitor, manage, and interact with these
systens. he computer- driven multifunction display and keyboard
is the primary medium of interaction ©Letween the pilct and
various cn board systems in emerging cockpit configurations. The
multifunction display can supply vast amounts of informatiorn in
a relatively small amount of space. However, the multifunction
keyboard when it is used alone as a means of interacting with a
multifunction display places a heavy burden on the pilot's visual
and manual resources. Furthermore, no general guidelines have
been developed for information display formats that help the
pilot process this information quickly and efficiently. New
control/display <configurations are needed to fully tap the
exparnded information retrieval <capabilities profferred by
emerging microprocessor-based avionics.

The Army's new light helicopter program (LHX) planned for
operational wuse in the mid 1990's will |use highly capable
digital avionics, which will provide greatly improved performance
and mission capabilities relative to existing Army helicopters.
In addition the crewsize may be reducad to one. The complexity
of this aircraft in terms of mission and system requirements

coupled with the one <crewmember could be the limiting




mere replacement for visual/manual operacvions, such as switching
functions. Although speech technologyy can replace a switch
closure, one-to-one replacements of visual and manual cperations

may not fully exploit the speech interface.

This repcrt will £first review the human factors issues
associated with the use of voice technology in the cockpit and
areas for future research will then be summarized. The current
formulation of the LHX avionics suite will be described and the
allocaticon of tasks to voice in the c-.ckpit will be discussed.
State-of-rhe-art speech recognition technology will be reviewed.
Finally, a questionnaire designed to tap pilot opinions
concerning the allocation of tasks to veoice input and output in
the cockpit will be presented in the appendix. This
questionnaire was designed to be administered to operatioral AH-1
pilots. Half of the questionnaire deals specifically with the
AH-1 cockpit and the types of tasks pilots would like te¢ hLave
performed Dby voice in this existing rotorcraft. The remaining
portion of the questionnaire deals with an undefined rotorcraft
of the future and is aimed at determining what types of tasks
these pilots would like to have performed by voice technology if
anything was possible, ie. if there were no technological

constraints.




AUTOMATIC SPERCH RECCGNITION

Although the techrolcgy is advancing rapidly, :tate-of-the-
art speech recognition 1is still in its infancy :n  =.ay respects.
Numerous constraints are placed on the user in terms of the
number of words that may be recognized at a time, the speed with
which words may bLke spoken 1In succession, the permissible
variability in the pronunciation of each word, and the amount of
rreparation time needed to use an automatic speech reccgnition
(ASR) device in en operational environment. However, continuing
technolcgical advances suggest that by the time we determine how
test  to interface ASR and the human, these constraints may no
longer be of concern.

Before continuing with a discussion of the more complex
1ssues associated with the use of ASR in the «cockpit, a brief
functional description of this technolecgy is warranted as is th-

definition of some of the phraseology.

SPEAKER DEPEUDENT VS. INDEPENDENT RECOGNITICN

Computer reccgnition of speech can be classified as either
speaker dependent or speaker independent with the former beirng
easier to accomplish than the later. Speaker independent means
that the device will recognize words spoken by many different
speakers, based on cnly one set of templates. This type of
speech recognition is more difficult to accomplish than speaker:
dependent recognition since human speech patterns, Like

fingerprints, are unique to each individual. The trick to




accomplishing independent sgeech reccognlticen 1s to distill the

salient feacures for each word that are commen tco everv
1ndivicdual's utterance cf that word. These "universal" features
then comprise the reference template for that particular word.

It 1s readily apparent that refererce templates fcrred and used
hy only one speaker in a sgeaxer dependent systemn will be much
richer 1n linguistic content (hance yielding better accuracy)
than those templates created for use by rany speakers.

Due to state-of-the-art limitaticns in the <creation of
independert speech recogniticn reference templates, these devices
are prirarily limited to recogniticn of the digits zero through
nine and are further constrained by user dialects. For example,
an independent speech recogniticn device which uses templates
formed from typically "southern" speech will not recognize those
same words as accurately when svoken with a "northern" accent.

2 speaker dependent system reguires that =each user form one
set of templates for each word in the working vocabulary. During
the training phase the user repeats each word in the specified
vocahnlary frcm ~ne to  ter  times. The exact number of
repeticions is dependent both wupcn the particular device in use
and upon the complexity of the vocabulary. The templates are
then mairtained in the systeom memory so that during operational
use of che machine each incoming utterance ‘s compared tc these
reference templates. The template that matches most closely 1is
then chosen as the spcken utterance.

Two distinct approaches to the creation of these reference
templates have been adopted. One m2thod averages the

repetitions of each word in the vocabulary. - Typically, this




training methed requlires thrze or mcre regetitions cf each word
in the vocabulary. The resulting templates then are an
"averaged" represzntation of each word that account for sliahe
variations in the preorunciation of these werds. With resctect to

the number of repetitions noceded to create cptimal refarence
templates using the averaging technigque, more 1s not always
better. There 1s a point at which additional repetiticns cause
the templates to loss their clarity. Generally, the manufacturer
will reccromend the appropriate number of repetitions. A talance
must be achieved between too £few repetiticns (which vyields
incemplete templac2s) and too many repetitions.

The c¢ther way 1in which reference templates are c¢reated
typically requires only one or two reretitions oI each vocabulary
word. These templates are maintained separately in memory £fcr
ccmparison.

Poock (1982) has shcwn that a particular speaker dectendent
system can achieve a limited degree of speaxer independence by
having several s,.eakers repeat the vocabulary during one training
session. Because the device uses the averaging tecnnigque it
prcuuces a set of reference templates with speech characteristics
representative of each speaker. Thus, several speakers can use
the device concurrently with- .t having to load separate templates
for each individual.

For the most part, however, optimal performance in terms
of recognition accuracy will be obtained when recognition ir

accorplished by one user at a time, based on his or her own sec

of reference templates.




LA SCRITE VS, CoNNECTED, CONTINUCUZ WURED RICCZONITICH

o2 next 1ssue cf iTportance with resgect to ASR 1s that of
JlsZr oo VS, connaectad cr cecntinucus wOrd recegnitian
Cazmohilitlos., A discrete weord recognition device, whlch 135 the
Test  commen  vype currcently  availanle, will reccgnize single
uTteraances oy shnort pnrases (typilcally up to 1.3 s withcut gpause)
N Isclilation., The user must pause for a predefined length  cf
ci52 f{agrorexirately 200 ms) between each utterance. ~This pause
rogulireTent facillitates tha endpoint detection of eaclt utterance.

Connecta2d word recogniticn allows the user to input a short
strng cI words in a connected fashicen. Typically, connected
wCrd rocogniticn 13 used with the digits £for entering nunmker
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IlETCr. tha pronuaciaricn of ratazont words, a phoncrena ¥ncwn
cc-arz:iculaticn. Tor enarnle, think sboust saving "Let's goowat”
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This structured ceonmand language 1s lacorgoratod into a system Ly
the use ¢ syvntox, which represents all the walid ward seguonces
that <Cconstitulg COTMMAnis Lo an AdS?  systen. Syntax structuras

limit =h2 rurker of rossible words fcr reccgniticn - . thecse wihich
ars valid at that point in the coxmand segquence. Fcr exanple,
svntax structures nighu be vse
furncuica such as tuning a radio.
and then lock rfor 3 string of digits. Hewevaer,
the recognizer would not lcox for any '

use ¢f syntax structures, therefore, limits the number cf active
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word chcices at each point in the command seqguence. This rme
1s :learly more efficient than choosing among sl1 the woras 1in

the vocabulary at all times.
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PERFCRMANCE MEASUREMENT

There are two types of errcrs asscclatea with ASR cdevices.
Substituticn errcrs or misses ccmprise the inccrrect recogniticn

cf an utterance. For exarmple, the user says "TUNE" and the

o]

" ~
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hil

w0

machine reccgnizes the word "SLZIWw. type of error 1is tky far

the most critical in the aircrait envircnrment.

The second type, reject.ion errors, cccur when an inccocming
1tterance £ails to match any cf the reference templates iIn
memory. Most commercially available ASR cdevices have a user
selectable rejection thresnclid. This threshcld dictates the

number of bits that must match tetween an incuming utterance and
a reference template for reccgnition to occcur. A trade-off
occurs when selecting a rejecticon thresholc. with a stringent
setting few,if any, substitution errcrs will occur at the expense
of increased utterance rejecticns. Thus, the user mav have to
repeat a word several times for classificaticn to orcur. wWith
less stringent rejection threshold settings, the machine will
attempt to classify all utterances, thereby increasing
substitution errors with a concurrent decrease 1n rejections. An
optimal rejection threshold is cne in which substitution errors
are virtually eliminated while rejections are kept to a minimum.
Althc igh substitution errors are clearly the less desirable of
the two types of errors, the need to repeat an utterance
."equently can be extremely anncying.

A standardized performance mnetric for the various ASR

devices has yet to be accepted. There is currently no generally




accepted way to welght che relative seriousness of

errcr as opposed to a rejccticn errcr. Furthermcre,
method for cecmparison -f ASR devices
10
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SPEZCH GENERATICN

DIGITIZED V5. SYNTEESIZED SPEECH

Speech generaticn can be accomplished 1in several ways.
Digitized speech 15 produced by converting analog speech signals
to digital wave form. The computer records the waveforn by
sampling the signal's voltage periodically through an analog to
digital (A/D) converter and then stores it as a bvinary value.
The resulting binary data i1s then stored until needed at which
time the original waveform is recreated by sequentially sending
the stored values to a digital to analog converter (D/A) at the
same rate as the original sampling.

There is a trade-off involved with digitizing speech. The
bit density used to recreate the speech can be raised or lowered.
Lowering the bit density obviously takes up less memory but the
quality of speech 1is also degraded. Raising tne bit rate
improves the gquality of the speech until it is nearly
indistinguishable frcem analog recorded human speech but at the
cost of a large amount of memory. Trerefore, the user must
decide on an appropriate compromise for a particular application.

Speech synthesis, another type of speech generation,
typically employs a synthesis-by-rule scheme using formant-
resonators. A formant resonator speech synthesizer models the
human vocal tract and can reproduce the approximately 40 phonemes
which comprise the English language. Phonemes may be defined as
the set of the smallest units of speech that distinguish one
utterance or word from another in a given language. High quality

speech synthesis 1is dependent on how well transitions from one

1




phoneme to another are handled, eg. from vcwel to consonant and
consonant to veowel. Furthermore, accuracy of the timing of the
generated phonemic segments also contributes to the quality of
the synthetic speech. Finally, the phonetic accuracy of the
segments of speech are crucial to the production of high quality
cpeech synthesis.

Text-to-speech rules, when used in conjunction with a speech

synthesis technique, provide the user with real-time unlimited

word production capabilities. Currently the text-to-speech
software needed to produce unlimited speech generation
capabilities requires approximately 16x of£ memory. Text-to-

speech algorithms are a hierarchical ser of 1linguistic rules

and are entirely software based. When these rules are imposed on
a particular synthesis technique, they provide the means whereby
individual phonemes may be concatenated to produce realistic

sounding speech.

The quality eof speech synthesis when coupled with text-to-
speech rules is dependent not only on how well the synthesis 1is
executed but also on the particular 1linguistic rules which
comprise the text-to-speech software. Since no standards
pertaining to these rules have been created, they can be more or
less accurate phonetically depending upon the manufacturer
(Simpson, 1983).

In essence, the quality of synthesized speech is contingent
upon both the hardware and software used to generate the speech.
No one synthesis technique is intrinsically better than another.

Rather, a particular technique's success or lack thereof is

12




depencdent upon heow well it 1s executed (Simpscn, 1983). Current
speech asynthesis techneolcgy tends to produce rather mechanical
scundinrg speech. Listenrners will often perceive a foreign accent
in th2 sceech prcduced by a synthesizer. This appears to be
attributable to the fact that the rules that govern human speech
ccde are very complex and the fact that not all of these rules
are Xxnown at this tire. A

Tcaay's speech generation technology, both digitization and
synthiesis, share a common weaxness in determining the placing of
articulat:ion features for conscnants. Further research 1s needed
to determine exactly what speecii cue makes us hear the place cof

articulaticn.

PERFCRMANCE MEASUREMENT

Typically, intelligibility is used as the standard
performance measure of both digitized and synthesized speech.
There is a tendency, however, to measure intelligibility based on
single words _poken in 1isolation, thereby eliminating any
concextual cues that may aid in overall comprehensibility. Since
human communications are rarely conducted in an 1isolated word
fashion, a more realistic performance metric might be one in
which intelligibility is measured for phrases, sentences, or some

meaningful word group.

13




AUTCMATIC SPEECH RECOGNITION IN THE FLIGHT ENVIRONMENT

Although the pilot flying a high workload mission stands to
gain tremendously from the use of voice command, the
environmental, physical. and emotional factors impinging upon the

pilot make speech recognition difficult to achieve reliably in

the flight envirconment. Noise, vibration, stress, fatigue, and
workload all act upon the pilot throughout any mission. These
environmental and human effects manifest themselves to the

speech recognition device as radically varying speech patterns
for any given word in the operational vocabulary. Although
problems such as roise and user stress #nd fatigue are not
unique to the cockpit epplication of ASR technology, they are
irtensified and their effects are perhaps more critical than in
industrial or office environments. However, the need to aid the
pilot in his increasingly demanding job has motivated
considerable research directed towards overcoming these problems.

In the following section many of these factors will be examined.

AMBIENT NOISF

A major problem associated with the use of ASR in the flight
environment concerns ambient cockpit noise and the creation of
reference templates. Should an on hoard ASR system (either
speaker dependent or independent) be trained in the presence of
ambient cockpit noise, or will reference templates created in the
presence of no noise be adequate for wuse 1in flight?

Research conducted at NASA-Ames Research Center (Coler, Plummer
&

14




Huff, 1983; Kersteen, 1982) indicates that when an isolated word
ASR system is trained in a quiet environment and recognition 1is
then attempted usirg these training templates in the presence of
noise (93-100 &BA of helicopter noise), obtained recogniticn
accuracy rat?s are quite lecw (78%). Conversely, if the system is
trained 1in the presence of background noise and recognition is
conducted in that same ambient noise level, accuracy rates are
quite high (97%). These results are attributable to the fact
that when training occurs in a relatively guiet environment and
recognition then takes place in the presence of noise, tbhe
training templates simply do not reflect the neise component.
Thus, the match between the templates and the incoming utterance
is poor, yielding low levels of recognition accuracy.

Obviously, the need to create reference templates by
iterating the entire operational vocabulary several times during
flight is both distracting and annoying to the pilot. There are,
however, sevaral pcssible solutions. First, an algorithm that
continually samples background noise and incorporates this noise
into the reference template may alleviate the problem. Howaver,
there 1is currently no algorithm that can update the templates
fast enough to keep up with rapidly changing ambient cockpit
noise levels. Second, simulated cockpit noise may provide enough
fidelity that a pilot could create adequate reference templates
on the ground in the presence of this simulated noise. These
templates would then be loaded into the aircraft avionics suite
for use in flight along with other specifics. Finally, the use

of better sound proofing materials in the cockpit may reduce

18
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noise to an acceptable operaticnal level for an ASR device 1in

future rotorcrafec.

UPDATING RETERENCE TEMPLATES

A second rejor problem relates tc the length of time one set
of reference templates can be used before retraining is needed
since speech patterns change with time, stress, and fatigue.
Does the pilot need to “rain the ASR system prior to every flight
or will one set of reference templates be valid for a week or a
month given that the vocabulary dces not change? Furthermore,
will the pilot need to retrain the system on some words during
the course of a mission? The effects of strecs and fatigue on
speech characteristics are more difficult to isolate because they
can overate either singlv or in ccmbination on the pilot. Stress
levels are 1likely to vary drastically during the <ourse of a
given mission, Coes this mean that during times of high stress,
incoming recognition utterances will be so different that
accurate recognition c¢an not occur? Onc2 again, an algorichm that
updates the reference templates not only with background noise
characteristics but also with changing speech pattern
characteristics may help solve this problem. Clearly, more
research pertaining to the effects of time, stress, and fatigue
on speech patterns is needed.

STORAGE MEDIA

A more technical issue related to the use of ASR in flight
concerns the best storage .edia for the reference templates for

the flight environment. A variety of storage devices are

16
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available, such as maghetic tape, bubble memory, etc.
Furthermore, it is possible that magnetic strips like those found
on credit cards may beccme available for the storage cof reference
templates. Whatever device is ~chosen for the cockpit
application, it must be compact, lightweight, non-volatile, heat

and shock resistant, and longlasting.

ACTIVATION OF THE VOICE SYSTEM

To use vecice ccormand in the cockpit, there must be some way
to activate the speech recognition system. There are several
alternatives for accomplishing this task; however, 1little or no
research has addressed which alternative is the safest, most
acceptable, and least obtrusive. One alternative is to install a
push-to-talk switch 1in the cockpit. The pilot would have to
activate this switch with each input to the recognizer. Another
alternative would be to leave the device in a continual ready
mode, with the hope that accidental activation does not occur.
Finally, the device could be left in the read§ mode, walting for

a Xey word which signals the device to prepare for input.

COMMANL LANGUAGH

It has already been mentioned that connected speech
recognition capaviiities are becoming commercially available.
These capabilities will probably be expanded beyond the currenc
ability to recognize connectz2d digits by the mid 1990':
timeframe. Connectad word recognition capabilities (as opposed to
isolated word reccgnitica) are clearly needed in the cockpit if

workload it to be reduced, rather than increased, with voice

17




command. The nature of the command language and syntax
structure used hetween human and aircraft deserves consicderable
attention. It is crucial that the command language ke as natural
for the pilot as possible. More specifically, pilots will accept
and learn a :anguage using "pilot jargon" more easily than an
unnatural command larguacge. Additionally, cemmand sequences to
an ASR device that capitalize upon the way a pilot normally
interacts with another crewmember will be learned and remembered
better. The naturalness of the command sequence will become
critical during times of high workload when the piloﬁ has little
available capacity to remember a given command sequence.,
Furthermore, the ccmmand language and syntax structure muét be

flexible enough that the pilot can express a command to the ASR

device 1in any of several ways. Acain, this capability will
reduce any additional cognitive burden associated with
remembering a specific, rigid command sequence. In essence the

command language used in a cockpit should be designed to reduce

rather than increase the pilot's cognitive load.

RESEARCH ISSUES

Table 1 summarizes the research issues concerning the use of

ASR in the helicopter cockpit

18
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TABLE 1

Automatic Speech Recogniticn Research Issues

1. How shculd the degrading effects of background noise on ASR
accuracy be dealt with in the cockpit?

2. How long can reference templates be stored and then used with
acceptable recognition accuracy rates?

3. What effects do stress and fatigue have on speech patterns
and hence on ASR accuracy?

4. If a reference terplate requires updating or retraining
during flight, how should this be accomplished and hcw should the
pilot be made avware o©of this requirement without disrupting
nrimary flight tasks?

5. wWhat storage media for the reference templates will be best
for the flight environment?

6. What 1s the best way to activate the ASR device and prepare
it for input?

7. If a counnected word recognizer is used, how 35hould the
command language between the pilot and aircraft be structured?

19
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SPECCH GENERATION IN THE FLIGHT ENVIRONMENT

Speech generation has been considered for two main
functions in the cockpit: f£feor cenveying cauticn, warning and

alert tyre messages and as a precmpt or feedback response to voice

recognition 1input. Voiced alert messages in the cockpit have
been in existence for a number of years now. There are two
advantages of this capability. First, 1t alerts cr warns the

pilot withcut diverting visual attention. Furthermore, voiced
alerts or warnings convey more information than traditional
bells, buzzers, tones, etc. Voice warnings have also been
suggested for articulating system failures and threat detection
messages 1in the LHEX ccckpit.

SYNTHESIZED VS DIGITIZED SPEECH

For the aircraft cockp:it, synthesized speech 1s more
flexible than digitize¢ ~ speech. Furthermore, a synthetic
speech-by-rule system does not have the vocabulary limitations
that are found in a digitized speech system. With digitized
speech, every wcrd needed for an application must be identified,
digitized, and then stored. Synthesis systems have virtually
unlimited vocabulary. Digitized speech systems pose two problems
for an aircraft application: they limit flexibility in that the
numkber ~f usable words is fixed, and vocabulary size must be kept
at a minimum or memory requirements and access time Lecomes
unacceptable.

By virtue of the fact that synthesized speech sounds

mechanical, it works well as a voice warning system since it

20
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represantaticn ¢f  human  speech enunclating a warning message
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ccmmunications, whoreas 2 more mechancial sounding sgeech will
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INTLLLIGIRITITY _C_:‘ SYNTHEZITTZD SPEECH

An  irportant consideraticn  in the integration of speech
synthesis I1n the cocXpit relates to its intelligibility.
Several res=2archers  cgresent evidance suggesting that rule

gererated synthetic speech may e less intelligible than natural
speach cr spee=ch digitized at a high data rate. Using a MITalk

unrestricted text-tc-speech csynthesizer, Fiscni and Hunnicutt

{1238C) fcund that phoneme recconiticn for synthetic swveech was
93.1% ccmxmpared to 99.4% fcr rnatural sreech. These researchers

lculties ckservad in the percepticn and

agemands 1n snhort-term merncry.

An alterrative explaraticn might re that the decrease in
performance asscciated with synthetic speech 1s due to a lack of
familiarity with its distinctive "accent". In other words, the
intelligibility of synthetic speech might be no less than
listening to a person spgeax with a foreign accent. The pcint to
be made here is that there may be ncthing inherent in synthetic
speech that makes it less intelligible than natural sgpeech. In

fact it may be more accurate to regard the two as points on a

continuum rather than as two separate entities. Tae
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telligabpility cf human speech wvaries with the listener's
familiarity with the accent as does the intelligikilicy of
synthatic speech. Clearly, Jurther research with resgect %o the

issue of tralning and familiarity as it relates o the

2lligibility of synthetic speech 1is needed rpricr o its

A related issue 1.s the need to cocmrare the intelligibilicy
and cemprehensibility of variocus cemmercially available speech
‘nthesis devicas among themselves, rather than continuve to
ccmpare  human  speech with one particvlar brand of speech
synthesis. The comparison of human speech andé synthasized speech
has no point cf rz2ference if a baselire has not Lbeen established
for the differential intelligibility of the varicus ccmmercially

eecl synthesis devices.
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SFEECH PITCH AND RATE

In addition to the uniimited vocabulary capability prowvidied
by text-to-speech synthesis techniques, almest all peech
synthesizers have adjustable speech pitch and rate capabilities.
Though these additional capabilities provica flexipility to
the user or system désigner, their :interactive and,/or additive
effects oen intelligikility and comprehension need tc ce
considered. Simpson and Marchionda-Frost .1953) conducted a
study which addressed the effects of speech pitch and rate 1in
th- presence of 85 dBA of simulated helicopter noise. These
experimenters hypothesizea thi= syntha2sized speech with a
fundamental frequency above the frequency range of the highest

amplitude octave band of the background noise would be cerrectly
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perceorved more cften than speech with a fundamental f{reguency
wlth the scme octave band of background noise. This hypothesis
was based on the assumption that background noise of the same
fundamental frequency would mask certain perceptual features of
the synthesized sgeech warning thereby causing a decradaticn in
intelligibility. Although this hypcthesis was not supperted by
the data, pitch of the synthesized speech warning should not be
disregarded in furcther research. It 1s pcssible that the type cf
noise used (simulated helicopter noise! or the rather unrealistic
lcudness wvariability may have contr:buted to this variakle's
failure to reach significance.

With respect to speech rate, Simpson and *archicnda (1983)
hypothesized that increasing the rate at whiz. a message 1is
presented (thereby <decreasing the amcunt of time taken by the
message 1tself} will reduce cormprehensicn time. The elimination
of redundant words frcm the message was also noted as a means of
reducing the temporal length of the message. Hewever, this
method was disregarded since previocus research suggests that this
technigue tends tc decrease intelligibility and increase response
tire presurably because linguistic redundancy is an important
perceptual feature cf speech.

Interestingly, results indicate that increasing the  peech
rate Co 178 words per minute (WPM) (maximum number of wpm tested)
had no degrading eflect on intelligibility and apparently reduced
the time taken to comprehend the message. However, subjects
(who were also pilots) indicated a preference for messages
presented at a slightly slower rate of 156 wpm. At the fastest

presentation rate (178 wpm) some subjects indicated that they
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feared missing parts cf the message. The subjects also stated
that the slcw message rate (123 wpm) diverted their attention
from the primary flight task because it tcox so lecng.

This research has a number of implicaticns. The effects of
synthesized voice pitch on intelligikility and comprehension
deserves further research perhaps in a more realistic noise
environment. The use cf compressed speech has been suggested for
use in the ccckpit. Humans can process as many as 300 words per
minute with sufficient training particularly if the information
conveyed 1is expected by the 1listener and highly redundant.
Voiced warnings anu alerts in the cockpit are neither redundant
nor expected. Furthermore, the pilot will be performing numerous
other concurrent tasks while listening to voice warnings. It is
likely *hat the use of compressed speech will 1increase rather
than decrease the pilot's cognitive load. Furthermore, the
temporal savings in reduced message length will probably not
offset the cost 1in increased intelligibility. Cenversely,
syntrtesized voice messages presented at an unnaturally slow rate
should be avoided 1in the cockpit since they appear to divert
unnecessary amounts of attention.

INFLECTION RATE AND AMPLITUDE QOF SYNTHESIZED SPEECH

Filtering techniques will soon become availabkle with speech
synthesizers that will allow the user to change the inflecticn
rate and amplitude of the synthesized speech. This capability
will permit a single speech synthesizer to produce different
types of voices. The implication for tlie a cockpit application

is the possibility of using different synthesized voices for
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different tyvpes of taskxs in the ccckpit. For examgle. changes in

Q)

the amplitude of the synthesized voice warning could convey
additicnal information as to the urgency of the warning ie. the
lcuder the warning the more urgent. However, 1in implementing a
display design such as this, the amplitude must be regulated so
that the 1lcudest warning does not overpower other cockpit
communizaticn. Ccnversely, the amplitude of the warrning must not
itself be overpcwered by ambient cockpit noise. Clearly,
additicnal research concerning the perceptual iJiaplications of
these variables fcr a cockpit application is reeded, particularly
because they hold premise for enriching synthesized speech with
more linguistic cues.

PRIiCRITIZS CF VOICED MESSAGES, ALERTS,-AND WARNINGS

Given that voice warnings are aad will be wused 1in the
ccckpit, a methed must be adopted whereby these warnings can be
assigned a priority in the event that several warnings need be
conveyed simultareously. Cn the assumption that ~-ne message can
be presented at a time, the most important one must be relayed
to the pilct first. Less important messages must be gueued with
respect tc thelr urgency and then displayed following the pilot's
acquisition cf the most urgent message.

REPETITION OF VOICED INFORMATION

Related to the issue of setting priorities for voiced
warning messages 1s the number of times a warning should be
repeated to insure acquisition by the pilot. This issue can be
approached in several ways; the message could repeat for a fixed
interval of time, the pilot could turn it off, or the message

could repeat until the problem was solved. In a study
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which specifically addressed cockpit voic2 warnings for air
transport operaticns, Williams and Simpscn (1976) reported that
pilots prefer a cancel butten to deactivate voice warnings at
their discretion, especially if the warning is of high priority
(demands immediate attention). Alternatively, a spoken command
could alsc be used to end a warning. This study also revealed
that pilots preferred to have other less «critical warnings
pra2sented on a subsidiary display such as a CRT.

ot all of the messages presented to the pilot via speech
synthesis will be of a mission-critical nature in the LHX.
Speech displays may also be used to present information on
request from the pilot. Regardless of the nature of the
information , since speech is by nature temporally restricted, a
visual replica of the auditory information should be provided to
the pilot for later reference. In fact ~certain types of
information could be preserted to the pilot in hard copy format
in conjuncticn with the auditory presentation. This approach is
well suited to information needed which will ke referred back to
later by the pilect during the course of a mission. Specifically,
weather and navigation information is well suited for hard-copy

presentation.

RESEARCH ISSUES

Table 2 contains a summary of the research issues related to

the use of speech synthesis in the cockpit.
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TABLE 2

SPEECH SYNTHESIS RESEARCH ISSUES

1. what are the effects of training and familiarity on the
intelligibility of synthesized speech?

2. How do the various commercially available speech synthesis
devices ccmpare with each other 1in comprehensibility and
intelligibility?

3. How dces the pitch of the synthesized speech effect
intelligibility in the presence of actual helicopter ncise?

4. wWhat is the differential intelligibility and
comprehensibility of different voice types provided by a single
speech synthesis technique?

S. Is there an appreciable gain in information transmitted when
several different voice types are used as oppcsed to just one?

6. Do several voice types complicate rather than simplify the
pilot's task?

7. Do voice messages, alerts, and warnings need to be assigned
priorities? If so, what 1s the optimum way to assign
priorities?

8. How many times should a vciced warning be repeated?

Y. How should voiced messages be terminated by the pilot?

1¢. Should there be a visual back-up display for an auditory
display of information to the pilot?

g
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11, Is there any informacion that should be presented to

pilot in hard copy (printout) format as opposed to soft
(CRT) or auditory?

28
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FUNCTIONAL DESCRIPIION OF THE LHX AVIONICS SUITE

The primary reason for the Army's development of the LHX
family of light/scout attack helicopters has been the need for an
all weather aircraft with day/night capabilities. The LHX also
is being designed for defense of Army aviation. Mission
requirements will demand a considerable amount of nap-of-the-
earth (NCE) type flying, in which the helicopter is flying 1low
and fast and avoiding obstacles. The most outstanding ana
challenging aspect of the LHX from a human factors design point
of view 1is the Army's desire to limit the operation of this
aircraft to a single crewmember. Current attack helicopter
missions require both a pilot and co-pilot. The co-pilot, seated
in front of the pilot, performs various weapon related furctions
and relays verbal navigation commands to the pilot whose primary
task 1is ménual control of the helicopter. Even with two crewmem-
bers, workload is cften quite high, especially during critical
attack mission segments when simultaneous target detection and
weapon release and control functions are occurring. Clearly, the
development of a single pilot cockpit will rely heavily on higher
levels of task automation than currently exist.

LHX mission functions can be generalized into four major
roles for the pilot: flight, offense, defense, and mission
management. Since the pilot can only fill one of these roles at
a time, the other roles must be automated to avoid overloading

him. This implies that the aviconics system must allow the pilot

to perform whatever task is primary at the moment and




automatically perform the seccndary tasks. These requirements
are necessitating design of the LHX based cn advanced technolegy,
some of which may not yet be available. The avionics
architecture will employ an array of sophisticated sensors and
advanced ceoncepts in integrating and controliing these sensors.
The Army's desire for a one-man crew, coupled with the new and
expanded missicn capabilities, increases the need for inncvative
design of display and control modes for the pilot, as well as
more automation.

As outlined in Honeywell's report to the Army Aviation
Research and Development Command (conducted under DAAKSO0-81-C~
0038} <the prirmary subsystems which comprise the «c¢urrent LHX
avionics suite are:

1) Navigaticn

?) Target Acquisition and Attack

3) Flight Control

4) Ccmmunication

5) Threat Defense

6) Data Management

7) Control and Display

The success of the LHX will depend upon the design of the
contreol and display subsystem since this subsystem provides the
pilot/aircraft interface. No amount of technology will make this
aircraft fully operational unless a prior determinatioun is made
as to the type of information the pilot will need during various
mission segments and the rate and sense modality in which this
information should be transferred between thLe pilot and the

wircraft. In an effort to facilitate this :-~formation transfer
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functicn Dbetween pilot and aircraft, the following concepts are

being considered for integration into the LHX:

1) No wirdows. Due to the problems asscciat.:3 with infra-
red radar signature, windcws may be essentially eliirinated from
the LHX cockpit. Thus, a wide fieldvof view (60 by 160 degrees)
wrap around display will be us=2d for pilotage and for the display
of flight ccntrol, targeting, threat detecticn, and fire control
symbologyvy. This display will be consistent in terms cf symbology
among all conditicns of day, night, and adverse weather,

2) A terrain mapping display. For further navigation
functions, a digital terrain mapping display, operating from
digital terrain data bases, will pro§ide threat and battlefield
information. Upen pilot reguest, this computer driven display
will also have the ability to plot courses between known
waypoints.

3) A "display-by-excepticn" concept. This will be used for
system status monitoring in which information will be presented
to the opilot only if it is mission <critical. Unlike current
cockpit design in which the pilot must scan numerous system
status instruments continually during flight, the display-by-
exception design will lessen the need for the traditicnal
continuous instrument scan, thercby reducing visual worklcad.

4) Integrated and automated systems. These will ke
employed in an effort to minimize the number of frequently
executed routine operations that a pilot typically performs.

5) Voice technology. Voice interaction with the various

on board subsytems will be used in this aircraft in a further
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attempt to reduce pilct workload so0 that one man operation 1is
feasible. Automatic speech recognition (ASR) will be used as an
alternate means of system control and for entering and receiving
flight informatiocn. Speech generation will be used an an
alternate means of information display.

Speech technolecgy has been recommended specifically for the
following functicns in the LHX:

SPEECH RECOGNITION

l. Automatic target recognizer tasks

2. Sensor {(selectiocn, mode, lock-on)

3. Terrain map display (request updates)

4. System nmonitoring irequest information)

SPEECH GENERATION
1. Alert and warning messages
2. Feedback
Speech technology was chosen for these tasks particularly to
enhance performance in nultiple-task situations where visual
monitoring and manual control of «critical tasks will be

important,
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SPEECH INTERACTION

A consideraple amount of applied research has been directed
tcwards the use of speech reccgnition (speech input) as an
alternative to manual keybcarsd data entry and speech generation
(speech output) as an alternative to the visuval 1information
presented cn traditicral aircraft anunciator panels. Optimal use
of speech technolecgy in -he cockpit, however, will be 1in an
interactive mcde where speech input and output are lecgically
combined. In designing a truly voice interactive system,
attention must e given to easing pilot visual workload while
aveiding pilot auditory cverlcad.

Voorhees, Marchicnda, and Atchiscn (1982) conducted a
study in which they assesscd the use of speech technology in a
simulated heliccpter NCE environment. Subjects in this study
performed an extremely demanding visual/manual tracking task.
Crucial airspeec, altitude, and torque informaticn was presented
to them in one of three ways. One group of suk3scts received
this information by traditicnal panel-mcunted instruments (thus
requiring the subjects to divert attention frcm the primary task
when they needed such information). Ancther group of subjects
received the flight informaticn in the form of thermometer-type
gauges that were arranged con the peripher, of the CRT on which
the primary task was displayed. This condition simulated a
head-up type display. In the third conditiocn subjects received a
visual display of only the primary task. When flight informatioﬁ

was needed, the subjects asked for it in the form of a single
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spoken ccmmand, eg. "airspeed", "altitude". and "torgque." After
computer recognition of this command, synthesized speech feedback
provided the ne-zessary information to th subject. In this
condition, the subject's visual attention could remain on the
primary task at all times.

Results of this study indicated that flight performance 1in
the wvoice interactive condition was significantly better than
flight cgerformance in the other two cenditions. This study 1is
interesting 1in that not only does it exemplify the merits, 1in
terms of impreved {light performance, of using the auditory/vocal
channels as @& means of acquiring inforrmaticn 1in a demanding
flight task. It also suggests that although #HUDs eliminate the
need for the pilot to scan an instrument panel, there still may
be scme unwanted diversion of visual attenticn associated with
the use of these displays.

As mentioned earlier, a number of voice tasks have been
recommencded for integration in the LHX. One particular subset
of LHX functicns may involve both speech irput and cutput in the
use of an avtcmatic target recognizer (ATR). In an ongoing
effort to develcp an ATR fcr LHX attack and sccut missions,
Honeywell has designed a Prototype Automatic Target Screener
(PATS) . This system is capable of sensing, identifying, and
classifying grcund targets using forward looking infra-red (FLIR)
or day TV imagery. In conjunction with the developmert of PATS,
Mountford, Schwartz, and Graffunder (1983) identified the
following pilot interactions with PATS that lend themselves to
speech technology implementaticn:

l. Enter navigation coordinates ror recognizer search area
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2. Select mcées cof PATS creraticn: search and cesicgrate
3. Reguest display of ancther detected target

4. Modify cetection confidence criteria

5. Change target pricrities

6. Assign weapons to targets

7. Retrain/reinfcrce target indentificaticn algorithnm

(&1

Mountford, Schwartz, and Graffunder (1983) createc a
simulaticn in which several of the PATS tasks (1,2,3, and 6) were
cembined with a cencurrent tracking task. The navigaticn-
targeting-weapcn selecticn sequence of tasks associated with PATS

was perforrmed repeatedly according to the Zcllewing three tasx

centrol, interacticn, and feedback formats:

Input Modality Fcedrack Mcdality
1. Manual Visual
2. Speech Visual
3. Speech Speech
The overall results of this study indicated a dual-task (PATS

and tracking tasks) performance advantage for sreech-speecn data
input as ~pposed to manual-visual data entry. Although tracking
performance errcor doubled when the tracking and PATS tasks were
performed cuicurrently, tracking error was lower when <cpeech
input and output were used interactively than when speech-visual
or manual-visual input and output modalities were used for the
PATS task. Mountford et al. attribute the performance advantage
for speasch input and output to the freeing of visual and manual
resources so they can ke dedicated solely tco the tracking task.

Results of this scudy also indicated that, particularly for




the navigaticn tasks, the time to complete this task was great

(:l
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in the sgeech-sgeech modality. This result is rnct surprising
since the navigation task required the input cf{ strings of digits
with feedback for each cne. The time handicap <fcr navigaticn

digit entry using speech could be overccme by the use o©f &
ccnnected speech recognizer, which wculd allew the pilect to
strirng tkhe digits together as one data entry as opposed to
several discrete entries. However, since speech is tempcral by
nature, the additicnal time needed for the articulcticn of
feedback messages 1s 1inherent toc this mode of informaticn
transmlission.

Thre, it appears that there 1s experimental evidence
suggesting that speech 1is desirable for the acquisition of
information in a dermanding flight task. The next guesticn is how
should this vcice interactive dialogue between human and rachine
be designed? Either speech or manual input to the avicnics suite
requires verification that the ccrrect input was received. In a
nen-critical missicn segment, visual feedback supplied via CRT
may be acdequate. Lowevar, during mission segments in which heavy
visual demands are placed upon the pilot, auditory feedback will
be most desirable, as will voice input. Taken a step further,
structuring tae interactive dialogue between the pilot arnd the
aircraft will be facilitated with the additional carubilities
proffered by speech input and output. Currently, informaticn has
been presented visually to the pilot 2uad controlled thrcugh
multifunction keyboards. The addition of speech I/0 to future
cockplits will provide complete hands-off, eyes-off interaction

with various on board systems.

36

e ey




In structuring this dialogue 1t is critical that the user be
supplied with the knowledge +<hat previous respcnses have been
input and recognized by the system correctly. Mountford, North,
Metz, and Warner (1982) have examined tl.ree types of dialogues
for man/macnine communication which they characterize as
"succinct", "intermediate", and ‘"verkose" depending upon the
wordiness c¢f the dialcgue. Results of this study indicate that
succinct dialogues are preferable to the more verkcse dialogues
primarily because they require less involvement from the pilot in
terms of time and attention. This work highlights the importance
of keeping aircraft/pilot interacticns krief and to the point.

Furtherrmore, 1interaction between pilot and aircraft systems
must be as natural for the human as pcssible. One of the
advantages of using speech as a mode of interaction with on bcard
systems (as opposed to visual/wmanual interaction) is that speech
1s the most natural mode of communication for humans. Efforts
must be made to capitalize on this naturalness by i1ncorporating
encugh flexibtiity into this ccmmunicaticn link so the pilot can
communicate his/her intentions to the aircraft in much the samre
way as she/he would to another cre2wmember. Conceptualizing and
creating an optimal voice interactive diaiogue based on pilot-
to- cc-pilot communications w1ll necessarily reguire
considerable thought and artificial intelligence. In human
communication, specifically pilot/co~-pilot communicaticns, a
great deal of intent is inferred by the crewmembers involved in
the communication. This means that certain things are done or

assumed by the communicators based on the characteristics of the
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given situation. This implies that somehow the machine must be
apprised of or be made smart enough to infer certain mission and
situaticn specifics. The accomplishment of this non-trivial task
will provide the added flexibility characteristic of human
comnmunication to the man/machine communication link that will
begin to allow full realization of the potential for speech
technolcgy 1in the cockpit. The purpose of this paper is not to
expound upon artificial intelligence and its many cryptic
interpretations. Let it suffice to say that heightened and
continuing research in this area will be highly beneficial to the
creatien of this very important communication 1link in future
generation rotorcraft.

An issue that is presently under-debate relates tc whether
the pilot should be provided with reversionary controls in the
event of a voice system failure. Should there be a manual
backup for tasks that have been allocated to voice commard; and
should there be wvisual backups for auditery displays of
informatiorn? Reversionary controls may be important for
psychological as well ac technical reasons. Certain situations
may arise in which the pilot will simply fcel more comfortable

performing a task manually rather than verbally.

RESEARCH ISSUES

Table 3 contains a summary of the research issues related to

speech interaction in the helicopter cockpit.
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TABLE 3

SPEECH INTERACTICN RESEARCH ISSUES

1. With respect to the structure of a voice irteractive system
between pilot and ailrcratt (avionics suite), it has already peen
establisned that succinct dialogues are preferable to wordy

dialogues. “what other general rules can be derived to govern the
integration of speech interaction in the cockpit?

2. Dces the pilct need reversionary controls?

3. What are the psycholcgical implicaticns of not providing
the pilot with reversionary controls?
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AUTOMATIC SPEECH RECCGNITION TECHMNOLOGY ASSESSMENT

The specifications outlined in this technolegy assessment
are slanted towards those which are of importance in a cockpit
application. The specifications are by no means exhaustive and
may not do Jjustice to some of the products that have tLkeen
developed for applicaticns other than those involving cockpit
integraticn.

An 1issue which needs clarification prior to reading this

assessment is the configuration of the various speech recognition

products. There are three basic types of configurations inte
which most speech products fall. First, the technology may be
integrated into a "develcpment system." This means that it has

been factory interfaced with a ccmputer prior to its purchase by
the user. "Development systems" typically ccme with scftware to
aid in the application develcpment. Second, there are
"standalone" systems that communicate with the host processcr
chosen by the user. This means that the user buys a board-level
preduct and then interfaces it to his cr her own host computer,
Typically, this type of system requires the «creation of a
considerable amount of socoftware on the part of the user.
Finally, speech recognition products may be in the form of
standard or custcm OEM chips to accommodate a wide range of form

factor and interface reqguirements.

In many cases, this technology assessment details only one
product from a particular manufacturer. This does not mean that
manufacturer does not have numerous speech products available, it

simply means that the system chosen for assessment is the one
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most feasible for a cockpit applicaticn.

Another isste that must be clarified before continuing with
the assessment concerns flightwerthy ASR systems. Several
manufacturers are currently working on these; however, it must ke
noted that these systems are still in the design and developement
phase, with a considerable amount of work still needed to make
their use feasible in the flight environment.

First, a table (Table 4) will be presented in which the
pertinent specifications for each speech recognition device are
summarized. This will be followed by a more detailed description

of each of the assessed devices.
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Intel produces what they call a speech transaction family of
speech _.roducts. The speech transaction board is available for
$2,900.00 and 1is the actual speech recognition hardware. The
speech transacticn development set ($54,900.00) is the
accompanying operating system and software which allows the ucer
to integrate the hardware into an actual application. Intel 1is
currently in the process of making several major updates to their
speech transaction family of products; an improved recognition
algorithm which will provide better ccnstant discrimination will
be implemented for the speech transaction board. In addition,
the ability to maintain several templates for each vocabulary
word may also be implemented. For this reason, the number of
traininrg passes needed to wuse tihis device 1is undecided.
Additiconal ncise processing will be added with an algorithm that
will measure the background noise between words and subsequently
subtract this noise from the speech signal. The impulse noise
filter will also be enhanced. ThHe actual levels of noise to
which this device is immune are as yet undetermined. The speech
transacticn development set will also be expanded with additional
software.

Although Intel does not specirically offer speech output
capabilities with (his system, they have provided the means for
the user tO integrate his or her own speech synthesis device with
this system. Intel anticipates a full release of these expanded

capabilities in November, 1983.




Interstate

Interstate offers a wide variety of speech recognition
equipment, ranging frem chips to fully integrated voice
recognition ce€rmiialis. Many of +heir produ~ts erz2 dosigned  to
operate with spec.-fic host computers such as Lear Siegler
Incocrporated and Jigital Equipment Corporation computers.
Interstate .also offers several types of speaker --independent
speech recogniticn caips.

SYs 3C0

The SYS 300 1s a board-level, speaker-dependent speech
reccgnition systen designed specifically to be interfaced to most
RS 232C terminals. There are approximately 15 recognition
comrands that may ke used in creating application software for
this device. The device is capable of recognizing up to 100
words. Interstate claims that the SYS 300 is resistant to noise
levels up to 80 dB({(A). A voice output module (VTM 15Q) may be
purchased for $995.00 and interfaced to the SYS 300. The VT
150 includes a £00-word fixed vocabulary and 1000 word user-

programmable vocabulary with text-to-speech capabilities.

ITT has developed a fliightworthy speaker-dependent isolated
word recegnition system for the tactical aircraft cockpit
environment. This system was designed to withstand the high
"g" levels, high noise levels, and oxygen mask breath noise
inherent in the tactical aircraft cockpit.

To a large extent, this device is still in the developmental
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stage. However, preliminary flight testing aboard the Air Force
Technolcgy Integrator (AFTI) F-16 indicated that *he ITT system
maintained a recognition accuracy rate of approximately 90% in
high "g" and noise levels (5 "g" and 115 dB(A), respectively).
I17 1s WOrking to 1ntegrate Speech synthesis capapil-ties in this

device as well as connected word recognition capabilities.

Lear Siecler Incorporated

Lear Siegier has alsc developed a {lightworthv, tactical
Voice Ccrntroiled Interactive Device (VCID) for military
application flight testing. This system was designed to operate
in the same operating envircnment as the ITT speech recognition
device. Lear Siegler claims that thig system can be trained on
the ground in a low noise envircrment prior to use in flight.
This device can accomocdate a maximum vocabulary size of 256 words
or short phrases. A speech synthesis unit will be available with
the VCID for operator feedback.

The VC1ID has undergone preliminary flight testing aboard the
aFTI F-1l6. Results 1indicated that in noise levels up to
approximately 103 dB(A), recognition accuracy rates were in the
80% to 90% range. Beyond 103 dB(A), however, recdignition
accuracy declined abruptly. During later portions of these
flight tests, Lear Siegler added a Speech Enhancement Unit (SEU)
to the VCID which appeared to raise these recognition accuracy
rates by several percentage points. The SEU 1s basically a
front-ernd processcr which samples the background noise andg
subtracts it from the speech signal.

Lear Siegler is currently making modificaticns to the VCID
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in preparaticn for the second phase of flight testing abcard the
AFTI F-1l6. One of these modifications may be the ability to
maintain separate templates for each word in the vecabulary.
Lear Siegler 1is also working on connected word reccgniticn

capabilities for integration into the VCID.

NEC has two speech recoanition system on the market: the SR

100 and the DP 200.
DP 200

For $15000.00 NEC offers a speech recognition system that
will provide the wuser with up to -20 s o©of connected word
recognition. A maximum vocabulary of 150 words can ke used 1in
the connected mode, and a maximum of 500 words can ke reccgnized
in the discrete mode. The DP 200 comes with two flcppy disc
drives, an operating system, and various software. Template
handling can be dcne either internally in the DP 200 or thrcugh
the host computer. The benefit associated with allowing the
templates to be handled by the DP 200 is that it frees the host
from continually having to monitor the interface line, This

internal control process essentially preprocesses and buffers the

incoming speech information before sending it to the Thost. The
DP 200 reguires minimal training and provides a retrain
capability for s.lect parts of the vocabulary. NEC claims that

the DP 200 will withsta:id up to 85 dB{(A) of random noise.
Speech output capabilities may be added to this system for

an additional $4,600.00. This aud. o response unit uses a
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digitizaticn technigue and will provide the :ser with either 90 s
cf sgeech at 16 xb cr 60 s cf sgeech at 32 xb.
SR 100
The SR 1.0 1s the only 1leow ccst  ($20C00.C0) scteech

reccaniticen prcduct on  tae markxet that has ccnnectad  word

reccgnitinn carakilit:ies. This high speech option or Cuiktalk
mode allcws a maximum string of 10 words to ke recoygnized In a
connected IZashion. Two trainring passes are required for these 10
wOords. In both the discrete and Quiktalk mode, the SR 1060

maintains each template separately in menmory.
Tc intertface the SR 100 to 4 host ccmputer, there are seven
user definable parameters. For an additional $200C.00 a vcice
output device (AR 100) carn be purchaséd to worxk with the SR 100.
The AR 100 provides 120 s of digitized speech.
Alrtncugh the 3R 100 was not designed for use in the alrcraft
environment, C(nited Technolcgies ccnducted an in-house test cf

the SR 100 in three nolse ceonditicns using two Jdiff

[}

rent  tyre:n
of microgphcnes. The noise levels tested were 20 cB ambient
noise, 85 ¢B S-76 cockpit noise, and 100 dB UH-60 ccckpit rnoise.
The tests were conducted using both a thrcat microphone anrd a
Shure noise cancelling microghone. For the digit vocabulary
using the throat microphcne, the SR 100 achieved a recognition
accuracy vrate of 963% across all three noise conditicns, Using
the ©Shure noise cancelling micrcphone, an accuracy rate of
appoximately 97% on the digit vocabulary was obtained across all

three noise conditions.

Scott Instrumrents

47

LT




Scett Instruments cffers a low cost ($795.00) sreaker
dependant speech reccgriticn system . The Veice Entry Terminal
(VET) 1includes a terminal, a microphcne, a rmicrocomputer
interface, vuser's manual, and system software. The VET 1is
designed scecifically to vwork with Apple Computers. The roise

immunity of this system 1s unspecified.

Verkex

The Verbex 1860 is a higi, cost ($80,000.00) speaker-

e

ndecen

ent, ccnnected word rec izer. This device was designed
t cnrne d word recogniz T vice was designed

e
Q)

scecifically to allew a user to communicate with a cemputer or a
teleghone switching system by talking to it over any telephcne.

fanl
4 s

he s3system can accomeodate up to eight wusers simultarecusly.
Speech cutput (digitized speech) 1s an option with the Verkex

0 digits

=

1306, The minimum recogniticn vocabulary consists cof
(0-9) and "yes" and "rno". This vocabulary may be expandecd up to
S0 words. The sgeech output vocabulary includes up to 32 wcrds
or 16 s of sgeech anc¢ can be expanded up to 512 words or 256 s

of sgeech.

Votan

Votan offers the following types o¢f speech technolgy:
speaker - dependent and independent recognition, speech output,
voice store and forward, vocoding, and speaker verificaticn.
Various combinations of these features are available either in
system, standalcne,or board form.

v5000
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The VIClJ ceombin2s  speaker - d2pendent word recogniticn,
sgeach cutput, and voice stere and forward capabilities in a
standalcne unit. YVotan's speech recognition technolcgy recuires
cne Oor two training passes and the resultant templates are stcred
seiararely in memory. The recocgrnition response time for the
V3060 is 130 ms plus an additional 2 ms for each word in the
vocabulary. It must Ee ncted +that if syntax structures are used,
the response time would ke 180 ms plus 2 ms for each word in the

yntax ncde (as cppes2d to 2 ms for each word 1in  the entire

wn

vecapulary).

The speech ocutput available frem Votan is digitized arnd is
user programmable. The user has a choice of three kit rates fcr
the speech digitizaticn.

The vecice stcre and forward technology allews speech to be
dicitized, compressed, and stored in RAM memory. The speech can
then be transferred to a host processor or & mass storage device.

ing

t

This 1information may ke retrieved in audic form by recconver
the digital data back to an analog signal. -
The noise immunity of the V5000 was recently tested av NASA-
Ames Research Center (Coler, 1932). For the purposes of this
test, the V53000 was trained on the digit vocabulary {(0-%) in
quiet an- recognition was attempted both in quiet arnd in 1C0
CB(A) nc.se. The 5000 was also trained in 100 dB(A) noise and
recognition was a%ttempted again in both quiet and 100 <dB(A)
heli~zcpter noise. Results indicated that from a grand total of
3,200 utterances (collected from eight subjects) only cne miss or

substitution error occurred and there were no rejections.

Votan 1s currently working on making continuous word
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PILOT QUESTIONNAIRE

THE ROLE OF SPEECH INPUT AND OUTPUT IN THE HELICOPTER COCKPIT

At NASA-Ames Research Center, we are currently examining the
potential wuses for voice warning and controcl systems in future
ielicopter cockpits. As you know, current rotorcraft cperations
require manual input (in the form of switch manipulaticns, £light
control, etc.) to the varicus on board systems and provide visual
and auditory output to the pilot in the form of flight instrument
displays and alerting sigrals (horns, buzzers, =tc.). we have
ackncwledged that the visual and manual demands placed on the
helicecpter pilot are at times excessive. Our work on speech
technolcgy in the cockpit is aimred a£ reducing or offlcading
these demands as well as increasing the utility cf the aircraft.

An avicnics system 1nto which speech technology 1s
integrated would involve "speaking" to an cn board computer
commanding it to perform switch sequences, requesting infermation
frem the wvaricus aircraft systems, etc. The system would
recognize your voiced command, perform the reguested task, ard
report back verktally, 1f requested, that the task has been
cempleted. In addition the system cculd give you warning and
advisory informaticn verbally rather than visually.

This questionnaire 1is divided into two sections. In the
first section, we have listed some tasks that might be performed
by veoice in an existing heliccpter, the AH-1. Eecause you have
had experience flyirg this helicoper, we would 1like vyou to
evaluate each of these tasks with respect to the potential

desirability of having speech perform these tasks. When you




respond to these questions assume that a computer has bteen added
to the aircraft and that you have the ability to contrel on board
systems by Vvoice and receive varinus types of iInformation
verbally £from this system, OCur goal in this part of the
questionnaire 1is to determine wnat types of tasks you think will
be best suited for voice technology.

The second section of the guesticnnaire will give you the
cppostunity to think about the design ¢f future rotorcrait and to
tell us what vyou would like if vir+rually any cockpit design

beccmes possible.




The
opportunity to
speech technology
are valuable and
this questionnaire
of this technology

The ©personral
only. No comments

Please ancwer

following questions

contribute

important since the information

examples you have with respect to these tasks the better

QUESTIONNAILRE

are to precvide you with an

your ideas and opinions about hcw

might be implemented in the AH-1. Your ideas

obtaired frcm
will provide guidelines for the implementation
in future rotorcraft.

data sheet is for the purpose of data analysis
or answers will be associated with your namne,

each gquestion carefully. The more comments and

{please

write them on the pack of the page).
The five point scale provided after each guestion provides a

continuum of desirability, frem extremely undesirable tc

extremely desirable. Please indicate your ooinion by circling

the number which best describes your opinion.

EXAMPLE
1 2 3 4 8
Extremely Somewhat Not Scmewhat Extremely
Undesirable Undesirable Sure Desirable Desirable




PERSCONAL DATA

Name/Rank

Crganization Position

Age Date

PILOT EXPERIENCE. Please approximate hours by type.
Rotorcraft type Hours Total

Do you or have you flown fixed wing aircraft?

*
4]
w

No

Aircraft tyge Hours Total

Do you play video games?

Often Occasionally Never
Do you own a home compute~»?

Yes No

Have you taken any computer. programming courses?




t)

Yes No

Have you ever written a ccmputer program?

Yes No

Have you ever heard computer generated speech?

Yes No

If yes, please explain.

Have you ever used an automatic speech reccgniticn device?

Yes [¥{e]

1f yes, please explain

Please provide other comments on attitudes, education
experience that might influence your answers toc
questionnaire.

or
this
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PILOT QUZSTICHNAIRE

Computer gererated speech could be used

to advise
certain parameters cr systems move cutsicde safe operating

you when
limits

or become i1noperative. A number c¢f these are listed belcw. For

each one rate hcw desirable it would oe
warning about it presented by voice.

1. ENGINE OIL TEMPERATURE

1 2 3
Extremely Scmewhat Not
Cnéesirable Undesirable Sure

2. ROTCR REM

1 2 3
Extremely Screwhat Not
Undesirable Undesirable Sure

3. ENGINE RPM

1 2 3
Extremely Scomewhat Not
Undesirable Undesirable Sure

4. TORQUE PRESSURE

1 2 3
Extremely Somewhat Net
Undesirable Uadesirable Sure

4

Somewhat
Cesirable

Scmewhat
Desirable

Somewhat
Desirable

Somewhat
Desirable

o have an advisory or

Extremely
Desirable

Extremely
Lesirable

Extremely
Desirable

Extr: mely
Desirable
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5. TGT (Turibine Gas Temperatura)

Somewhat
Uncesirable

Extremely
Undesiraicle

6. ENGINE CIL PRESSURE

1 2
Extremely Scrmewhat
Undesiraple Undesirable

7. ENGINE CIL BYPASS

Scmewhat
Urndesirable

Extremely
Undesiratle

8. FWD or AFT FUEL BGOST

1 2
Extremely Screwnat
Undesivable Undesirable

J. ENG FUEL PUMP

1 2
Extremely Somewhat
Undesirable Undesirable

Not
Sure

L2

Not
Sure

Not
Sure

Not
Sure

Not
Sure

Scmewhat
Pesirabple

Scmewhat
Desirable

g

Scmewhat
Pesirable

Somewhat
Desirable

Somewhat
Desirable

Extremely
Cesiraople

Extrerely
Desirable

Extremely
Desirable

Extremely
Desirable

Extremely
Desirable




. w]
N

Undesiracle

[

Extremely
Undesirable

13. XSMN OIL P

Extremely
Undesirapcle

14, XKSMN OIL H

Extremely
Undesirable

1. 10% FUEL REIMAINIXN
1 2
Extremaly Sc~awhat
Undesirable ncdesirable
11. FUEL F1LIER
1 2
Extremely Screwhat

Urdesirable

(3]

Ccrewhat
lIrndesirabl

REISS

(391

Screwhat

Undesirable

oT

Scmewhat
Uridecsirable

.
Lot

Sure

Not
Sure

Not
Sure

Not
Sure

Not
Sure

oda

Scmewhat
Desirakle

Somewhat
Desiratble

Somewhat
Desirable

Somewhat
Desirable

Soriewhat
D:2sirable

[§1}

Zxtremely
Cesiracle

wn

Extrerely
Cesiraple

w

Extremely
Cesirable

Excremely
Cesiravie

Extremely
Desirable




i15. HYD PRZS3 = or =_
1 2 3 3 3
Scmewhac NCt Scmewhat Extrerely
Cncesiracls Sure Desirable Desiravle
6. INET IW/ERTIR
1 2 3 4 5
Extremely Screwhat het Scmewhat Extremely
Undesirabla Undesiracle Sure Cesirable Desirable
17. CC GENERATCKH
1 2 3 + 5
Extremely Screwhat Lot Scomewhat Extrcmely
Uncdesirapie ruesiradle Sure Cesirable Cesirable
18. CHIP DZTECTCR
1 2 3 . 5
Extrerely Scmawhat Not Somawnat Extremely
Undesiracla Undesirable Sure Cesirable Lesirable
19. ITF
1 2 3 3 5
Extremely Scmevhat Nnt Sormewhat Extremely
Undesirable Undesirable Sure Pesirable Desirable

Given the installation of a variety of sensors throughout the
aircraft, advisory and/or warning inrformation could be presented
to you by voice. Items 20-23 deal with this type of information.
For each one please indicate how desirable it would be to have
this information presented to you by voice.
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22, warn 1
CcCXplt.

[

remaly

Ext iy
Undesiracle

23, Advise
installed whe

Extremely
Undesirable

24. How de
performing ch

Extremely
Undesirable

chat  the heliccoter - mot keen greunded during
when 1t 1s being parkexn.
2 3 4 s
Screwhat Not Scmewhat Extrenely
Urndesirable Sure Desirable Desirable

1f dround safery ping have not tean installed in the
cunner canopy removal arming/firing mechanisrs  when
r is to be narked.

2 3 4 5

Scrmewdnat Not Scmewnat Extremely
Urcdeslirazole Sure Desirable Des:irable

£ carbcn moencxide, smCXe etc. is datected in  the

2 3 E) 5
Somewhat Nct Somewhat Extremely
Undesirable Sure Desirable Desirabl=z

2s jettison safety pins
ter 1s on the ground.

3

i

Scniewhat

Somewhat Nor E
o Desirable Ce

Urndesirable Sure

sirable would it be to have a voice generator assist
ecklist items?

2 3 4 5
Somewhat Not Somewhat Extremely
Undesirable Sure Desirable Desirabla
10

in
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zZ5. would it be desirable to have exact threat infeorration detalls
presented tc ycu verrzally. E-. "Sal0, 4 0O'clock, launch?”
!
1 2 3 4 5
Extrenaly Screwhat Not Scmewhat Exrrorely
Undesirakbl= Uncesiraple Sure Desirable C[Cesiracle
26. Assurme for the .cment that your aircraft 1s data-link=d o
the ground, would you find i: desirable to be able < regucEs
targetzing informaticn  ana re=ceilve 1t verbally?
1 2 3 4 5
Exwremely Screwhat Not Scmewhat Extremely
Undesirabpaie Undesirable Sure Cesirable D=sirable
27. Assure that the entire aircraft ranual is stcred i1 the
aircraft ccrmputer's memory and is actessible  to  you during
flignt. weuld it be desirable o reguest inicrmaticn frem tnhe
manzal oy wveice cemrmand and receive it verbally?
1 2 3 4 z
Extremely Screwhat Not Somewhat Tutromely
Undesirabla Undesiratle Sure Tesirable LCosirctle
22. weuld you lixe to ce reminded when certain tasxs shculd Le
dorne, for sxampla, "change IFF".
1 2 3 4 5
Extremely Screwnat ot Scmewhat Extremely
Uncesirable Urndesirable Sure Desirable Lesiraitle
29. Can vou thirnk of any other type of informaticn You would
like %o receive frcm a volce generator?

11




lowing tnree ways 1in  which warning

to you by wvnice. A rank orider of
nd three (> means least deciraible.
once.

would say scmething like “Caution™,
you to lcexk  to instrument

ﬁ
o

O ennrator cculd tell you exactly what is out
or uclorance, aqg. H:rning, o1l pressure low"

Th2 wveice generator cculd tell you exactly what is  out
ot tolwerance, by how much, and a recormended course  of
action.

Somo ctner rethod. Pleass elaborate.

32. i{ a2 woico gonerater 1s used as  an  aid in performing
checxlist 1tuerms, please ranx the follcwing ways i1n  which 1t
coula oo implerented. A ranx ord2r of once (1) means ©mcst
cesirable and four (4) means least desirable. Please use cach

ranking cnly once,

The voice q~“* ator could call cut each item 1in the

¢}
"
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e}
[
ot
c
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R
o
e
0
ry
3

You cculd run through the choecklist, follewinag which the
voicn  system cculd remind you of any i1tems that may have Lbeen
overloorned or  for  any cenditions  whict might preclude sarte
operaticnc.,

A"l checrlist  1tems  cculd ke placed under cemputer
control and perforred autcratically for you. The voice generator
would then advisze you when the checklist had been cecmpleted or if
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33. The folicwing Ltems cemprise the gerneral categories cof
functicns fcor wnich computer geoneratad sceech  might  be  used.
Please ranx thes2 categeries {rcm one “o four, with one (1)
meaning tne mest desirable Icr computer generatdd sgeech and four
(4+) rmeaning tne lsast desirable. Please use wach ranxking orly
once.

Prosentaticn or adviscry ani caut:Icrary type

inicrmaticn eg. "oil pressure lcw".

Presentaticn ¢f  arneral informaticen that nhas  zecen

reguested Ly the pilot eg. "EGT 670 degrecaes”

Presentaticn cf feedbacx or acknewlederent that tasks

nave  teen cempletod, fcr ewxample, "Cuticard c=Ccras

selectod”.

Prosoantaticn of ererging informaticn xg. “rotcr RpPM

—lC'w "
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ca5e rate how
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tne machine will rec
g human listener.,

re

1. . .
P Pt - —
. . . _
. - 3 <4
CTewnat Lo Futromaoly
R IS S TP R Sure o D lrat L
S, AL TITU0D
L 2 3 4 3

T - T e ~ oy Y ~ L
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38. HEADIX

Extrenely
U-.cesirable

39. TIME
1
Extremely
Urdesirable
20 TORQLE
1
Extremely

Undesiraple

Extremely

Uncesiratble

12. How

2 3
Screwhat Not
Uncdesirable Sure

2 3
Scmewnat Not
Undesirable Sure

2 3
Screwhat Lot
Undesirable Sure
2 3
Scimewhat ot
Undesirable Sure

by voice ccmmand?

Extremely
Undesirable

2 3
Somewhat Not
Undesirable Sure
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da

Somewhat
Desiraple

Scmewhat
Desiracle

Screwnat
Desarable

Somrewhat
Cesirable

Somewhat
Desirable

Extremely
Cesirable

Extremely
Cesirakle

Extrermely
Les:irable

wn

Extremely
Desirable

desirable would it be to turn cockpit lighting on and off

Extremely
Desirable




p—

Extremely
Urdesiracle

Extrermely
Undesiracle
25, f you had
rayer tune the
of the station

prefcrence.
FRECUZNCY
6. Would vyou
eguipment bty v
tasks. Fcr exarm

Extremely
Undesirable

b 13
t
[0 )
w0

[
t =
O (.
Yoy
o W

[ ]

Scmewha
2

Teom v -~
nges1r

ot

1o

ro

Scmewhat
Undesirable

'

O

bt

I I ]
30

to r
*
T

n:Ls

tad

not
Sure

to t

Not
Sure

geset clrculit
TasSK Dy voice?

Scmewhat
Desiralble

ure the radics oy

Lo

Scmewhat«
Desirabie

to use volce ccrmand to tune radics,
radlc by frequency (eg. "Tune 236.4")
eg. "Tune Moffett Tcwer"). Please ¢
\\:Auyr

find i1t desirable to cenfigure the

cice, using
ple,

2
Scmewhat

Uncesirable

one ccrmand to acccmplish
"Set plain mede."

Not
Sure

16

£a

Scmewhat
Cesirable

.

voice

breaxkers. Hicw

(W1}

Extrerely
Cesirable

would you
by nare
your

all

the

Extramely
Desirable

security




~3

. Similarly, would you like :0 configure the ADF Ly sayirg
"Tune Evansville NDB, loop mode"

The computer would then perform the fcllowing tasks fcr you:

A) Tunes Evansville ADF

B} Identifies the station

C) Indicates whether you are 1in receiving a reliable sigral

frcm the station

1 P 3 4 5
Extremely S mewhat Not Scmewhat Extremely
Cndesirable Undesirakle Sure Desirarcle Cesirable

+3. A vcice ccumand could be used to request fuel reaguired and
b;r“-cut times during a mission. - Hew desirable would 1t be o
certorm this task by voice?

l 2 3 4 3
Extremely Scmewhat Not Somewhat Cxtremely
Undesiraple Urndesirable Sure Cesirable ©Dosiracle

19. A vcice corrand could be used to select the tyre of  weapon
ycu wish to use n the RE-1, by saying, for exarple, "Fa2loct
turret”. Wweuld this be a desirable candidate tasx for sgoech ingut
and cutput.

1 2 3 4 5
Extremely Scmewhat ot Somewhat Extremely
Undesirable Undesirable Sure Cesirable Desiliratle

50. Voice ccmmand could be used to select the particular weapon

statlcn ycu wish to use. ‘would it be desirable to perform this task
with speech?

1 2 3 4 5
Extremely Scmewhat Not Somewi.at Extremely
Undesirable Undesirable Sure Desirable Desirable

17




S, The nurkor  of woapons
volce cemmand.  wWoula this b
L 2
Vi Scmewhat

Undesirable

$2. The firing soguence of
by  voice cermand. would

voicea?

to

to Le fired could be sp
a desirable task fcr sge
3 4
ot Scmewhnat
Sure Desiraple

these weapcens could also he sge

Excrerely Scmewhat Lot Somewhut
Urndesirable LUndesirable Sure Desirable
53. Vcice cormand cculd be used to @ 2 weapons.
desirable to have this capability?
3 2 3 4

Somewhat
Undesirable

Extremely
Undesirable

Screwhat
Cesirabl.e

e
WOt

Sure

jrrr.oson s

Scnrewhat
Desirable

ot
sure

Extrerely
Ceeiranle

W

weuld 1t ke

necessary

(63}

55. If your aircrafit was equipped with an auvtoratic hover nold  arnd
bop~up mode, how desiraple would it be for you to control these
modes by volce command?
1 2 3 4 5
Extremely Somewhat Not Somewhat Extremely
Undesirable Undesirable Sure Desirable Desirable

18




6. The follewing 1tems comprise sore of the goneral categories
cl or which voic2 corranda mignat kb 5e n helicopue

i
1cns. Please ranx  the desirs
. e

< 2 bl 4

tyEes of tasKks by spcxen cormand trem I 1) to seven (7)), with

cre meaning  the most desirable and  seven weaning the  loeast

desirable. Please resd all areas pefcore rankxing them, arndd use
n

wearcn steres  rarnagerent, tor example, "colecs
cutocard ctorst.
Navigaticn tasis, Isr example, “Tune Evansville ven©

Cemmurnicariens, +<g. "Tune Merfett Tower"

Subsyztens managerment, for example, "HUD on”

Weapen delivery, odg. "Launch TCW"

Reguesting ftlight instrument informaticn by voice

cermand  and recelving that informat:cn frem  a  speech

system, ¢g.  "Tcrque" - "b8 Porcent".
o7, If you had th2 abillity to use voice cemmand in the ccckpit,
toare  are  several ways in which ycu could actwvate thae system
{zo. let 21t xnow that your are talx:ing to it). Please rank the
cesirabilicy of the follewing activation methous frem ene (1Y to
thraee (3) wilth one reanlng the mest desirable and throe geaning
oo least dosirable.

Fush-to-talx switch

N
t

tvely listenirag  for  your

U

Hawve  the volce systen ac
spexen cemmand all the time.,

a2y a xeywerd which would activate ti? systoem pricr tc
opecaxing the actual command.

Please elaborate.

C
-3
Lo
[¢]
t
o]
[
2]
[}
ct
o
O
o}

538. Comments: Please comment on the use of volce comrand  for
tasks in the above catogories. Give us examples of any other
categories of tasks for which voice ccmmand might ke used in the
AH-1.




59. Any othor corm  coeneral or specific on speocn
CUtpUut applicatlens 1n reTercralt

oreraticons

5.

20
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Secticn 2

In the follcwing section we wculd like ycu to think

sericusly akout hcw ycu would design a furure gpilot/aircrait

interface (cccxpit) 1n  an effort to make your jcb easier and
safer. Ton't worrv 3tcut whether your :deas are technologically
feasible--treat them as 1f anythirna 1s possible. You will ©be
given S!x areas tc respend o) answer them irom oa  scout/attack
tvce of missicn standpolnt. with:irn each area, tell us wha

cockpilt changzs you wculd like te se2e 1n current rotorcratt, what

P4

you would like 1n a fu: ~otorcraft, and hcw you would likxe to
have 1t done. I you ciscuss a desicn change 1n an  existing
rotorcratt, be surc to specify wnich cne. we also want to Xncw

rcw vou would like to interact with your acliccpicer in cach ot
thoese areas. in other words, fcr ecach change or .dea you have,

tell us whether you would like to use speech input and/or cutgut,

visual/ manual input and output, scre cembirnaticn thereof, or
scmething cempletely different. Sketches, 1f applicaple, night

help us understand your ideas hetter.

Tnings tc rememcer when ccmpleting this section

1. Be specific

2. Don't worry about writing style, etc. (Jjust be legible)
3. Disregard current technrological constraints

4. Sketch your ideas on the back of each page if you like.

21




-

anid, Cr

T

O
34
[
t:
—t

a4
[}

—

22




—
e

23




5. Threat Cefensce
b. Missicn Managoemonc

Thank ycu for your time and thoughts.
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