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PREFACE

The review reported herein was performed during the period from June 1975 to
June 1976. It supports the Mr Force Human Resources Laboratory project 6114,
Simulation Techniques for Mr Force Tri~o1ng, for which Mr. Don R. Gina is Project
Scientist and ta* 6114-20, Advanced Instructional Features, for which bla. P. A. K~nnop
ls taé scientist.

The author wishes to thank Ms. Xnoop for her valuable su~~esdons and assistance.

~1 The author and the above mentioned personnel are with the Advanced Systems
Division, Mr Force Human Resources Laboratory, Wrl~ t.Pattenon Mr Force Base, Cub .
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- j DISPLAY AND SPEECH DEVICES FOR SIMULATOR
NSTRUCTOR /OPERATOR STATION APPLICATIONS

1. INTRODVCIJON Since It seems likely that the successful future
development of the lOS will rely to a great extent

Paspous on the development and proper use of displays,
The purpose of this report is to. provide a CRT s or other, these devices were esujthaslzed in

- 
- 

- compendlum of information on dlsplay and speech this survey . Speech synthesis and speech
devices to those involved in the design and specifi- recognition techniques and devices were also
cation of Instructor/Operator Station s (lOS). ~~~ reviewed because speech is man’s primary means
report should also be of value to others concerned of communication. Significant developments in
with general input and output of information to a spmch synthesis and recognition could lead to
human operator , especially when a simple alpha- radical developments in the design of Instructor
numeric character exchange may not provide the operator stations.
optimum format. The survey of display devices and speech

The or1g~rlal impetus for the survey on ~~~~ 
devices consisted of a search of several periodical

the report is based was to acqu ire in-house indexes, such as “App lied Science and Technology
- - - expertise In display and voice response devices. Index” and “Computer Abst racts,” for articles

- . This expertise is required to promote optimum pertaining to these topics. Those articles of
utilization of these devices in future lOSs. Il ls also interest were reviewed and in many cases
to be applied In determining requirements for referenced other articles which were reviewed. The
needed R&D, either in the development of the ~~~~~~~~ Announcements and Report Index”

mckes no attem pt to iden~~y the nature of such reports of Interest were reviewed, as were a
devices themselves or in their use. The report (for the l~ast several yeais) was also searched and

R&D. This will depend on the nature of the number of reports listed in two Defense
application , whether one or more of the multitude Documentation Center bibliographic searches.
of possible applications in an lOS or applicati on in Also, a number of developers and manufacture rs
other tra ining devices, of display devices and speech respon se devices

were contacted. These contacts were made in
Background and scope order to become familiar with the latest

techniques and applications of these devices and to
S lOSs have grown in size and complexity to keep obtain technical literature covering these devices.

pace with the monitoring and control requfre-

million-dollar training simulators. The LOS began organized Into two main categories for purpo ses of
ments of increasingly complex modem multi- The devices and techniques reviewed are

its existence as a relatively simple station fron~, this report . The first category Is “General-Purpose
which to control the simulator. It contained the Computer Display Devices;” the second category is
necessary on-off switches and some repeater ~Speech Input /Output Devices.” A large part of

S Instruments (e.g., altitude and airspeed) for use by the first category is devoted to CR1 displays and
the instructor in monitoring the date of the techniques because of their broad and varied uses.
simulated aircraft. As the complexity of the The remainder of this category is divided into
simulator grew, with the addition of motion base , other display devices and 3D displays. Other dis-
visual system and Increased complexity of aircraft play devices Include plasma panels and liquid
weapon systems per se, the lOS also grew in crystal displays . Speech Input/output devices ate
complexity. The activation of the simulator with a divided Into speech sysnthesls and speech
digital computer and the Inclusion of advance d recogn ition devices.

S Instructional features also added to the complexity Short summaries have been added after the dli-of the lOS. Some sort of general-purpose display
became Imperative. This display has traditionally play section and the speech section to br iefly

-S been a cathode ray tube (CRT), or rather a summarize the state of the art . Mao, a swnnnr~
number of CRTs. Six or possibly more have ~~~ table has been provided at the end of the display
used at some instructor stations. section to provide an overview of the types of

11 A
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displays, available and pending, along with some of dimensional (2D) and three-dimensional (3D)
their characteristics. perspect ive), and pictorial — all of this with or

The two main categories and summar ies ~~ without color for further encoding or highlighting
followed by some concluding remarks and recoin, of Information.

- - 1 mendatlons concern ing the availability and CRTs h ave a number of advant ages and
S 

applicability of some of the devices which are disadvantages. Among the advantages are: (a) they
dlscuaed. are widely used and understood and are made for a

- - Technical Information has been minimized so variety of applications, (b) they come in many
the report may also be of use to nonengineers. 5lZe$ with a variety of phosphors for various color

and persistence applications, (c) they have rela-
tively high writing speeds and a corresponding

ii. ~~~~~~~~v,pij~ p~~~ ~~~~~~~~~~ quick change of display or dynamic display
DELAY DEVICES capability, (d) they are relatively inexpensive, and

(e) they are the only devices capable of stroke-
Introduction writing a nondiscretized graphic presentation.

-
: Some CRTs are dlscretlzed, but of the other dli-

I The displays to be considered are general- play devices to be discussed all are discretized;that• purp ose In the sense that various types of Is, the display Is composed of a large number of
Information In various formats can be displayed dots or discrete points.
(alphanumeric, graphic, etc.) rather than the

- specific Information presented by meter, alpha- Some disadvantages of CRTs are: (a) they are
numeric panels or other speclal.purpose displays. unwieldy, the depth characterIstically being
The general-purpose display most commonly used greater than the height or width of the display
In simulator LOS applications is the CRT. Typical siuface, (b) they are somewhat vulnerable to
of other devices used or proposed for ~~~~~~~~~~~~ catastrophic failure; e.g., broken glass or burnt-out
purpose use are plasrpa panels and liquid crystai filament , (c) ordinary types must be refreshed 30

S pictorial ~~~~~~ times or more per second; and (d) very high
voltage, typically greater than 5,000 volts, is

I 
• Although printers and plotters are display required to accelerate the electron beam.

device. they do not play the same b i t  of inter-
¶ active role as the devices considered herein and are ~~~~ Scan vs. Stroke-

not dfscussed. Written Displays
Some of the Information required at the CR1 terminals and displays may be divided into

Instructor operator station is of a type which Is those that are raster scan, also called TV scan, and
- 

difficult to display effectively in alphanumeric those that are random scan, also variously knownform . Therefore, CRT terminals also having as stroke-written, ~~~~~~~~~~~~~ direct write orgraphic display capabilities have been used In some
Instructor operator stations. Other uses of - the ~~~~~~~ ~ UUA~~~

CRT at the lOS have been to monitor televised In a raster scan system the beam starts at the
S scenes of the cockpit or to monitor the visual top of the CR1 screen and systematically “paints”

simulation scene or other visual displays which are horizontal lines one below the other imtll reaching
presented to the plot Other deviceI have been or the bottom of the screen, thus producing a raster.
are being developed which may eventually replace The intensity of the beam Is varied as It paints to
the CRT in some or all of these applications, create a picture. In most applications a raster

f frame ls compoaed oftwo fIelds wlth eveiy other

-
- the CRT will be discussed In this section. 5

subsequent field. This technique reduces flicker by
- -

- CRT ‘~“~~.“ Devices completing an alternate line raster at twice the
fame rate, the frame rate normelly beIng 30 Hz

I - Since the CRT has been a very versatile device and the field rate 60 Hz.
for displaying information, It will be given prime 

i~~~ ~~~~~ stroke mitten Is is
named because the beam can be commanded from

_ _ _ _  
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seiy poInt on th. screen to any other point on the calligraphic display can generate per Image. The
screen In ‘one stroke , a display thus being raster scan format, however, allows convenient
composed of hundreds or thousands of such paralleling of Image generation hardware so that
strokeslor vectors as desired. For monochrome the upper limit on image complexity Is determined
displays the same CRT may be used for either by the resolution of the raster. The resolution of
writing system, the difference being only in the the raster Is, In turn, dependent on the number of
technique used to control the electron beam. One scan lines, typIcally 500 or 1,000 lines and the
technique deflects the beam to selected addresses number of elements computed per scan line. If

technique deflects It In a systematic, raster- dependent on the bandp.ss of the video system.
or points on the face of the CRT; the other video Is to be presented, resolution is also

producing fashion. Resolution Is also limited by and dependent on

disp~~ which can be composed of multitudes of ~~~~er , l973~

A stroke-written scan can produce a high spot size although there are some applications
quality graphic display within the limits of a where a slight defocusing might be beneficial

lines or arcs. This high quality is obtained because 7>’pes of Phosphors. CR1. are available with
the display is not dlscretized Into raster lines or any one of a large number of phosphors having
line elements as In a TV or raster scan display. The various color and persistence characteristics. At
stroke-written display, however, does not lend least 50 types of phosphors have been used. P4 is

~~~~ 

- itself to pictorial displays where background and the white phosphor having medium persistence
shaded areas are requited or where solid objects which is commonly used In black and white
must be perceived In a relativel y complex dynamic television (IV). P22, which Is red, green or blue Is
environment. In some applications a mini-raster the phosphor used In color television. Some otherF capabil ity for the stroke-written display. Stroke- oscifioscope trace and ~~ somewhat less famil~~
technique Is used to provide some shaded area common colors are the fanillar green of the

written displays represent solid objects as “wire long-persistence orange of low repetition rate radar
~ S frame” structures, whereas the raster scan display displays. P50 and P51 are two of the new
- S can represent solids or opaque Images phosphors used for beam penetration color, to be

compositions of shaded or colored areas. Because discussed later.
of the quant lzat ion effects of raster scan systenn, Shadow Mask CRT. The shadow mask colorhowever , they have not quite reached the perform- CRT as used in color IV Is available for raster scanance level of stroke-written systems lbr the applications. It is a discretized display, however,generation of graphic-type displays. Raster dis- and the dot matrix nature of this device Is some-plays, although inquiring scan conversion to 

~~~ obj.~~onable at the close viewing distancesarrange the dlsl’Ia ’ content Into the element and th at are normal to computer terminal applications.
S line format, offer several advantages over direct Some computer terminals are available which doS write or stroke-written systems. These advantages -- ~~ CRT to provide full color capability.

systems (b) uniformity for application of devices, Ream Penetration CRT. Limited color caps-j include: (a) a cost advantage for multiterminal

and (c) the capability of mixing pictorial and billy for stroke-written displays may be provided
computer-generated data, In addition to some by a beam pentratlon CRT. This CRT has a
advantages noted earlier. The efforts which have multilayer screen consisting of two phosphors of
gone into Imag e quality Improvement for different colon sepa ratedbya layer of transparent
computed visual scene simulation have greatly dielectric material. A number of colors, usually
reduced some of the quinlization effects Inherent four , (red, orange, yellow and green) can be
in raster scan . Effects such as the line segmenta- obtained by dynamically varying the pentr atlon of
tlon or stair-stepping that occurs on lines that are the electron beam into the phospho r layers. The
not vertical or horizontal have been reduc ed. penetration is varied by varying the acceleratIng 3

voltage on the CR1, usually over a range of 3,000For raster scan the length of time to paint a
display is constant and therefore unaffected by the volts or more , depending on the type of CR1. A
content of the display . The general requirement hIgh brightness color display with over 1,500 lines
that the display be flicker -free dictates refresh resolutIon can be obta ined with the beam
rates on the order of 30/sec. Thus, an upper limit pentration CR1. Another advantage is that no
exists on the number of strokes that a given convergence circuitry Is needed to superimpose the

iS
S I  7
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elements of a picture since only one electron gun The two glass substrates are sealed together with
- S Is used rather than the three required In a shadow the sets of electrodes orthogonal to one another to

S - Mask CR1. A sigelficant disadvantage Is that the form the grid of the display matrix. A neon-based
display content is reduced somewhat by the addi gas mixture fills the space between the sealed

S 
tio nal time which must be allotted to the substrates. The completed panel Is about 1/2-Inch
switching of the high voltage which is necessary to thick. When the proper voltage is applied across
produce color changes. Graphics terminals using two electrodes, an electrical discharge is created
this tube are commercially available for calli- through the gas at the Intersection of electrodes
graphic color applications. which causes sa emission of visible light. The

Ston~e CRTh. Another type of CRT for specisi display made up of the selected dots has the
applications is the direct view storage tube. One characteristic orange color of neon bulbs. The cells
type retains an image up to about 1 hour WIthOU ~ 

are written In an addressing technique similar to a
refreshing or until the Image is erased. Because of core memory In which a single cell or row of cells
the storage characteristic, It does not requ ire can be addressed. The plasma panel is used for
continual use of buffer storag e space as an alphanumeric or grap hic displays. The graphics,

- S ordinary display does. Selective erasure is not however, are subject to quantlzatlon effects as
practical and It therefore cannot display dynamic mentioned easier such as the step effect on lines
imagery and there can be no changes of a picture which are not vertical or horizontal. These displays

- - :  part without the picture being erased. I)ue to these have had wide application in the Plato computer
tha~~te~~tics ft has limited application as an te~~~ials of the University of minois (Bitzer &
Interactive display device. Recently a techn ique Slottoro , 1967).

- J has been developed to combine storage tube and Some advantages of the plasma panel are : (a) a
refresh display techniques. One marketed terminal thin flat profile , 1/2-inch thick , (b) flicker-free

- using this technique employs two internal performance , (c) inherent memory capability, (d)

can be written at a rate of 5,400 vector-cm/sec and brightness and contrast ratio (60 foot lamberts and
- 

~ computers to control the picture. Refresh graphics good shock and vibration characteristics, (e) good

storag e graphics at 13,500 vector-cm/sec. Vector- 25:1 , respectively), (I) a transparent viewing area
centimeters are the product of the number of so rear projection through the display and ability

j strokes written by their lengths in cm. One to generate hard copies from either side are
limitation Is that dynamics are limited to a portion built-in features , (g) storage properties which allow
of the display. The picture is f licker-f ree for up to interrogation of the display by the computer, and
1,600 vector-cm or 800 vectors, whichever, comes (h) high reliability and long life.

- - first. To write more than this requires a slower -

- refresh rate to allow sufficient writing ~~~~~~~ . 
Some disadvantag es are: (a) It isa monochrome

- Another type of direct view storage tube Is the (oran ge) display, (b) requires moderately high
- cathodod uomic CRT. Recent advances have been voltage compared to semiconductor circuitry

made in this type of CRT by MIT. The cathodo - (‘Pl’~0” 400 V) although not nearly as high as

selective erase Is possible; erasure , however , takes composition , (d) intensity control is bmited,~ chiomic CR1 can store an image indefinitely and CRTs, (c) resolution Is limited to dot matrix

about 1 second. - althoug h some apparent area shading can be
accomplished by vary ing the number of lighted

Other Display Devices dots per given area, m d  (e) write and erase thne,
20gaec~’cell, is too slow for some applications.

Flasnas Panel. One of the more successful
competitors of the CRT has been the plasma panel Sizes larger than 9~ by 9” are available;
which was developed In the mid-sixties. It is a dot however , there is some problem maintaining

accurate spacing between the substrata for largermatrix display device, a typical type having a dis- sizes. The cost of plasma panels is several timesplay area about 9 by 9 inches with a dot matr ix
512 by 512. This device consists of two quarter . that of CRTs and may not be justified unless
Inch plate glass substrates , each having parallel compactness and ruggedizatlon are Important
conductive electrodes applied to one surface . A considerations. Several standard sizes are
thin layer of transparent dielectric material ~ commercially available. Several companies are
placed over the electrodes, leaving their ends bare using plasma panels in commercially available
to allow connect ion to the control /dr ive circuitry. computer terminals. There has been some

~~~
,

8
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experimentation with three-color plasma panels resolution was only 20 lInes per Inch. (Brody,
(Hoehn & Martel. 1973). 1975b). CommercIal availability of liquid crystal

Liqz#4 Oystal 1) Isp lay. Another flat panel d li. pictorial displays Is not expected before late 1977.
S play device, still under development, Is the liquid Transistorized Viewing Sa~en. This device, still

pictorial display which is a general-purpose out- under development , Is another flat panel display .
S growth of the liquid crystal numeric displays used A prototype was demonstra ted in 1974 (Brody,

In some digital watches It can be used for the 1975a). It Is no thicker than a pane of glass. The
presentatio n of graphic or pictorial Informatio n In glass is coated with layers of phosphor and micro-
addition to alphanumerics. A display is formed by miniature thin film transistor circuitry. The
controlling the relative reflectivity and hence the prototype Is a 6-inch-square panel capable of
apparent brightness of each element of an array of displaying alphanumerics, symbols, and lines with
elements. 1- by 1-inch arrays of 15,000 elements the appropriate electrical signals fed through Its
have been fabricated. A proto type developed In edges. A layer which is thinner than a coat of paint
1975 for the Air Force Is made up of four of the contain s 36,000 electronic components. The
I-inch squares, each contaIning 10,000 elements. thousands of sub-circuits are arranged in a matrix
The display produces a black and white picture of dots. Activate d sub-circuits cause the electro-
when fed from a IV camera or other video sour ce. luminescent phosphor which comes in contact
The liquid crystal display isa sandwich construc- with them to glow. It is expected that screens will

- - tion about 1/4-inch thlcfr . It Is fabricated by be rugged, reliable and Inexpensive and require low
placing the appropriate liquid crystal material power. Other advantages are that the bnghtness of
between a transparent conductIve electrode and each picture element can be varied to create shades
the large semiconductor chip consisting of metal of gray and color. Each element can be operated
oxide semiconductor (MOS) picture element drive Independently without activating other elements

rear of the device. Shades of gray can be obtained do not require individual signal-carrying wires.
circuitry, Integrated on a substrate that forme ~~ in the same row or column and picture elements

because the relative reflectivity is prop ort ional to Development is underw ay to Improve resolution
scattering level, which is In turn proportioned to and to develop full color. Commercial availability
the applied potential. is not likely before late 1978.

= Some advantages of the liquid crystal display Miscellaneous Devices and Techniques. Some
are: (a) It will not wash out , even in direct ~n~- other techniques for generating displays are of the
light, because it is dependent on reflected ambient formatted alphanumeric type , in which seven or
light; the brig hter the ambient light, the brighter more bars or a dot matr ix are selectively lighted or
the display; (b) very little power is required activated to form a number or letter. These will be
because the liquid crystal display modulates only briefly mentioned because they are not
ambient light reflected through the crystal; (c) it normall y used for general-purpose displays.

low voltag es, about 25 volts, as compared tO diode. Arr angements of these are commonly usedj has potentially high reliability; (d) It opera tes 0~1 One very common device is the light-emitting
several hundred for plasma panels and several to form the displays of hand-held calculators andthousand for CRIs; and (e) an Important many digital wristwatches. They are ciso used Inadvantage is the response time which allows the certain terminal applications. Of particular Interestdisplay to be driven in re al-time; it can , for is a hand-held terminal which can display up to 20example, be driven by conventional commercial alpI~~ ummic characters. Two lines of 10 aretelevision signals, developed while holding up to 100 lines In a

• Some disadvantages are: (a) In darkness, some display buffer for review when desired using a
ambient light mud be supplied; and (b) the size of “scroll” switch. A 4 by S button keyboard allows
the display Is limited to the size of the MOS chip, input of the entire 128 character American
about 2- by 2-Inches, for currently available Standard Code for Informatio n Interchange S

processing equipment. The display size of this type (ASCII) set. Each button has a normal character
of equipment Is expected to Increase soon. It Is and three alternates which can be selected by three
expected that eventually the size of the display switches operated with the holding (left) hand.
will be determined by techniques of assembling Another non-genera l-purpose display is themosaic arrays of chips. electrodiromic display. This display Is produced
~ Larger panels 6’ by 6” have been fabricated by precip itating a compound out of solution onto
using a different fabrication process, however , a cathode. Although no energy is required for
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maintenance of the display and very little for space. When the prop er medium Is employed,
switching the display, the device presently visible fluorescence results at the beam

- - operates too slowly for many applications. intersection; thus points of light can be created in
Research is underw ay to further develop and three-dimensional space. This technique , called
Improve these devices. Sequential ly Excited Fluorescence (SEF) was

1 - confinned by laborato ry experiments conducted
3D Displays by Batelle (Flackbert at a!., 1972). Full develop-

ment by 1978 was predicted.3D displays offer the possibility of presenting
some forms of complex data to an operator in a Summary of Display Devicesway that enhances the operato r’s ability to
assimilate such data. There Is no substitute for the CRT for non-

Presently there are at least four general discret lzed displays or for full color displays . Also
approaches to the problem of presenting multi- they are versatile and inexpensive, but somewhat
dimensional Information. They are: (a) coding In frag ile.
2-D presentation s, (b) perspective and other Plasma panels can substitute for CRTs in some
monocular cues In 2-D presentatIon, (c) stere o- applicatio ns. Their flat panel configuration has the
scopic 2.D systems, and (d) volumetric (3 D) advantage of space saving and they axe somewhat
devices (Flackbert et at , 1972). more rugged than CRTs. They have a unique rear

The first of the techniques mentioned project Ion capabIlity. Commercially available
previou sly adds third -dimensional infonnatlon to a types, however, are monochrome and limited in

sIze to about 9 by 9 Inches.2D display by coding the third dimension Infor-
mation Into graphical, color or alphanumeric form. Liquid crystal pictorial displays and
This technique has been used successfully in some transistorized viewing screens are dill under
applications; however, display clutter may offset development. They promise no unique advantages

-

- - ~ the advantages If not used cautiou sly, over CRTs for moat app lications other than the
Monocular cues audi as size or shading may be advantage of flat panel configuration and low

• 1 - used to produce the Illusion of depth on a 2D voltage operati on.
— display. Persp ective, such as the display of an Computer techniques can add 3D perspective to

object as an isometric projection , Is especially 2D displays. True 3D volumetric displays are still
useful in producing the illusion of depth. Some of under development.
the problems associated with this technqlue; such Hand.held terminals with alphanumeric displaythe generation of complex shapes and the are not commercially available. See Table I for aelimination of hidden lines, have benefitted from summary of display devices.recent work In computer Image generation.

Stereoscopic viewing of separate 2D displays ,
one for each eye, employs the use of binocular Ill. SPEEQI INPUT/OU1?UT DEVICES
dIsparity as an additional cue to enhance the
Illusion of 3D. Although this technique offers a IntroductIon

— realistic Illusion of depth, It generally suffers the The effective use of the IOSofmodern aircraftbasic deficiencies of single-vantage viewing point simulators requires extensive interaction between
- - and requires the wearing of speclal vlewing devlces. man and computer , ’ This interaction Is usuallyRecent computer-generated displays have some- thIOUgh manual and visual channels. Speech iswhat relieved the constraint of single-vantage-point man ’s p rimary means of communications.viewing by measuring the position of attitude of Therefo re, man-to-computer and computer-to-m anthe observer’s head and changing the displayed communication by speech is very appealing andobject accordingly. continues to receive a good deal of research effort .

A volumetric display Is the only one of the However, the value and even the practicality of
techniques that presents depth In a real rather than speech interaction with machines is one of the
synthetic way. All of the optical cues are used - Interesting unresolved Issues In computer science
binocular disparity, perspective, size and focus. (Hill, 1972).
One audi volumetric display employs two beams Some of the advantages summarized in the

S of electromagnetic energy Intersecting atapoint in above reference are: (a) speech Is more natural,

10
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more convenient and interferes less with other have the computer select the word s In the proper
activity than other channels; (b) speech provides sequence to form a message. Although all the
an extra channel for multi-mode communication words are sensed at the same time, the switching
(for example , allowing control and data functIons i* insures that only one word channel is
to be separated In a computer-based text ~ditiiig selected and actually outp ut during each word

• system, controlling the editor by voice and cycle. The record inge, which can be either
ente ring text data on a keyboard; (c) speech is magnetic or optical, are subject to the usual

-• very suitable for alert or “break-in ” messages and mechanical wear and tear and maintenance
responses (designed, for example , to interrupt an problems associated with mechanical devices when
Interac tion); (d) speedi uses a minimum of panel played over and over, It ha. been noted also
space ; (e) speech is compatible with normal means ( i ~~ an , 1972) that for good results audi
of communication (for example the inexpensive messages can be used only In the context in which
and ubiquitous telephone system); (f) speech Is they were recorded. A device of this type has been
Independent of factors affecting sight and reach; used in an advanced instructor station.
and (g) speech is easily monitored by a third party

- - - 
(for example , supervision of data gathering ~~~g Mother approach to speech synthesis has been
interac tive terminals for medical screen ing). It $ to break words Into phoneti c segments and then

• noted that all of these apply equally well to either digitally store each segment in some form of
Input or output for machines. The disadvantages memory. The voice is recreated by accessing the
are similarly summarized in the same reference. A memory through the appropriate programming to
speedi interface: (a) leaves no permanent record reconstruCt the phonetic segments into words.
(awkwar d for scanning or verificatio n, though Althoug h a rather choppy reproduction without
simple audio recording is some help and for pass- natural qua lities has typically resulted from this
words this could count as an advantage) (b) may approach, It has been used and found adequate for
be unreliable due to crosstalk (the cocktail party certain applications , if sufficient phonemes, 3O or
type of problem), (c) could give a false sense of so, are stored, an unlimited vocabulary can be

machine, and (d) at le~~ for Input , may prove One approach has been reported by one
the power and understanding possessed by the synthesized.

more expensive than~ other forms of input. company which digitizes and stores wbole words
Additional disadvantages not cited in the above in solid-state read-only memory and is said to
reference are: (a) speech is relatively slow for retain natural voice qualities and inflections . A
Information presentation , and (b) it is not proprietary approach Is used Involving the
practical for the presentation of graphical or complete analysis of plotted audio waveforms. The
tabular information, conversion of the analog audio signal of a word

Some problems associated with the develop- into a digital signal required as few as 8,000 bits of
ment of speech communication are Interference by memory storage rather than the usual 40,000 bits.
ambient noise, the var Ition of voice and speech Other techniques which put together signals in

I characteristics with individual speakers, and the various frequency channels can produ ce intelligible
present lack of complete knowledge of acoustic , spe~ch with as little as 2,000 bits of memory per
linguistic and semantic aspects of compute r second of speech.
processing of speech as well as the processing It has been noted , however , by Flanagan (1972)
requirements and cost associated with the latter that If the computer is to speak with a larg e
(Turn , 1974). sophIsticated vocabulary and If it is expected to

use this vocabulary to form a wide var iety of
Speech Synthesis messages and contexts , the simple technq lue of

There are a variety of well-k nown techniques pre recorded natural speech Is ruled out.
for generating speech output from machines. Economical storage of large amounts of speech

- - 
These techniques range from pie-recording natura l data In a form flexible enough to generate

- 
- 

voice words or messages to synthesis of speech arbitra ry messages implies a speech synthesis
— - derived from vocal track resonances and the approach , an approach , that is, which would

various other characteristics of the human model the speech process and use control
speech — sound generation system. One straight- functions and data obta ined from natura l speech

- - forward approach is to voice record one word per utterances or from programmed knowledge of the
channel on a multltrack device such as a drum and speech process to synthesize speech. Speech

-*- I I
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synthesis devices are marketed by a dozen or more of the word and comparing these diaracteristics of
firms, indisaug m~or computCr manufacturers the word with those of reference words : atored in
such IBM r I linasywsil. ~~~ have u~~ ~~ memory. Thi reference word characteristics are

Input heforehand by the woe speaker who wdl bemultltrack, p -~scordsd, one word per 
~~~~ using the system. A set of 32 features Is used totechnique u~~i conventIonal magnetic or optical characterize a word. These featuisi are of two

recording. More recently devices are being types; five broad class features and 27 ~ionetic
marketed using the technique of doting words or ~~~ features. The live class features are: (a)

____ Vowd/Vowd-ike - which occurs for all vowelsphonatic ..nente In acid-date memory. Th~~ and vowel-ike consonants~ (b) Long Pause - widthdevices are quits reasonable lB Price. occurs for all pauses greater than 100 msec, (C)
Short Pause - which occurs for all pauses hea then
100 macc, (d) Unvoiced Noise - like consonant -
which occurs for iii unvoiced fiction — produced

AIthou~ r several minbfscturen now make and unvoiced stop consonants , and (e) Burst -
voice recognition equipment, It has not readied which occurs for the abrupt onset of energy for

______ _____ some phonetic Uansltione La., ~op consonant-to-the stags of PreetiCality that 11311-Ui icra voweL The 27 phonetIc event features representhave. ft is n3ted by Hill (1972) that the difficulty measurem ents correspond ing to phoneme-like
In achieving real progress In automatic speech occurrences. The word recognition system consists
recognition lies In the fact that true speech of three subsystems: Preproces sor, feature
recognition by machine would require the auto- extractor , and dasti flet . Both the preprocessor and

feature extractor functions are herd-wired. TheoratIon of two human abilities which are not well classifier function is performed by software in aunderstood — auditory perception and under- minicomputer. For each spoken word, the 32
standing. The traditional steps Involved in speech encoded features and their time of occurrence are
recognition as given by liii are: (a) transduction stored in a shortternr memory. When the end of an

utterance is detected by the feature — extractorof the acoustic pressure waveform Into machine- logic, the duration of the word Is divided Into 16sensible form (for example, a microphone time segments and the features of the word areproduces an electrical waveform related to the reconstructed into a normalized time base. Pattern
• original pressure waveform); (b) analysis of this matching logic subsequently compares these

waveform to provide some measurement space ~*t~uTe occurrence patterns to the stored reference
patterns for the various vocabuliry words and(frequency measures, binary measures related to the “bed fit” for a word decision. Therecomplex components, etc.); (c) transformation of ~~ 512 bits of information (32 features mspped

the points in the measurement space to provide a into 16 time segments) required to store the
- 

- decision feature space for recognizable units (very feature map of an utterance or reference pattern.
often phonemes are chosen as the recognizable During the training mode, the system auto-
units because these form the basis for conventional rustically extracts a time-normalized feature msp

each time the speaker repeats a given word. Alinguistic descriptions of speech Utterances, consistent matrix of feature occurrences (betweenfInite in n’unber — of order 40 In fact — and bear a repetitions of the word) is required before thereasonable resemblance to normal written word features are stored in the memory. In the
• I language); (d) the making of a decision as to which operational mode, each word spoken Into the

training words — that 1*, word features are
recogni zable unit occurred (this terminates system Is Processed in the same way as were the
“acoustic recognition,” with the provision noted extracted, digitized, arid time normalized.above concerning interaction between states); (e)

The resultant word matrix Is then digitallyIf the unit s recognized are phoneme-like, there compared to each stored reference matrix. Thefollows a stage of recognizing words and/or stored reference word pio~ucIng the highest overall
phrases on the basis of “noisy” phoneme stringe; match Ii then selected by the system and an output
(f) the recognition of the syntactic structure of the decision Is made.
given string of words as now determined, which (>~~ nt voice recognition systems are bamd onmay Irtdude Incorrectly recognized and/or omitted a highly constrained manner of speaking. For goodwords; (i) the extractIon of the semantic content , recognition accuracy, commands, I.e., words, mustor meaning of the message on the basis of the be .eparated by a pause of about 200 msec. and• words and the syntactic relationshIps discovered; vocabulary elements must be selected to eliminateand (h) the execution of some action on the basis easily confused commands. Also the s~dem mustof the meaning determined. The following be trained to a particular spe~~4. This isdescription characterizes how one cumpany accomplished by having a speaker Tepiat (usualLy 5accomplishes speech recognition (Hencher , 1975): to 10 tImes) each word to be recognized by tire

• 
• An Isolated word recognition system identified a system. It can be trained for additional speakers

spoken word by measuring acoustic characteristics and the results stored In mass storage where

). - I
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facilities permit. With the above factors optimized understandable and capable of versatile speed
a recognition accuracy of 95 to 100% can result. output. HI~rer quabty speech can be attained by

assembling pseiscordid words, but this systemIn the operational mOde, each word sPoken does not have the versatility of vocabularyInto the system Is processed Ins manner ukrdar to 
~~~~~~~the training procedure wherein acoustic features

are extracted, digitized, and tlnre-normahzad. The Speech reco~dtloui is muc r more complex than
resultant ted word matrix then is compared spsoth syntheak. The speech recognition device
digitally to each stored matrix. One means of must be trained for each speaker. Speech must be
expending the vocabulary, forming short phrases, in a halting, unnatural style and using only the
and speeding the response is by narrowing the vocabulary to which the device has been trained.
comparison search using a structured vocabulary These devices are therefore real ly successful In
format. The first word must be from a list of select applications where other forms of input are
words. A second word is selected from a group of Impract ical.
words determined by the selection of the first
word. The second word, In turn, determines from
which group of words a third word of the phrase Is IV. CONCLL*IONS
selected.

- 
• 

A knowledge of the hardware options (whichWord comparisons are limited by computer are available for the linpiernentatlon of an lOS)speed to about 30 to 40 due to the complex ireips to promote an optimum hardwum design ofprocessing which must be accomjhih.d 10 near tire lOS. Var ious options may be considered andreal-tkne. Word recognition can, however, easily be trade-ofTa between cost and effectiveness andextended to 90 or more by making use of 
~~ otirer factors selected.

vocabulary technique has, In fact, been extended A number of the devices described are In the
to Increase recognition vocabulary to over 300. A prototype stage or are not well proven and others
minimal speech recognition system consists of: (a) may be too expensive or not applicable for other

30-phrase, 3-word format. This structual

a preprocessor which reduces every word, regard- reasons. This report should, however , serve an
less of length to a bit pattern or matrix; (b) a Introduction to some of the developments which
minicomputer consisting of processor with 16,000 may be proposed or expected.
bytes of memory which compares the spoken 

~~~re are a great aunber of applicatio nsword matrix to each stored reference matrix; and besides lOSs driving the development of speech(c) a display for verification of - the spoken and display devices. The state of the art Iscommands~ Larger systems may also Include 
_ _ _ _

• speech synthesis units and standard peripherals ~~~~~~ ~~~ rapidly as a consequence.
- ;- Including a disk which is utilized to store a number The display devices which are developing as

of different user reference patterns and the alternatives to CRTs are not expected to

j operational software. sIgnificantly Impact the general design or
utilization of the 10$. However, these devices mayAt this time, only two or three firms are known influence such factors as size, ruggedness, and cost.

- . to be marketing speech recognition systems. Such
systems are available with output In the same Speech synthesis has been used In an 10$ and
fonnat and code as that of a standard key board its continued use is likely to be beneficial hi
terminal. Some firms active In the development of certain applications Speech recognition, when
speech recognition are: Threshold TechnoLo~ Inc. sufficiently developed, offers great potential for
of Delton, NJ; Scope Inc. of Reston, VA; and advancement of the 10$. At the present stage of
Dialog Systems, Inc. of Cambridge, MA. development, however, Its benefit to an lOS has

-
~~ 

- yet to be demonstrated.
Summary of Speech Input! It has been noted that every problem of

- - 
Output De presentation of information arises from the ireeds

Speech synthesis devices are available in a of a human operator. A thoiou~r understanding of
variety of types and prices. Solid-state devices these needs in a particular application such as 10$
using phonemes stored in read-only memory are Is essential to good system design. The same Infor-
available at very reasonable prices. They are inatlon, for example, can be displayed In a vast
la&*hrg hi natural voice qualities, but are readily number of ways from tables of bInary numbers to

g
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r
some type of graphic presentation. The binary pert1cuI~r needs of human operators or various
fomr~ obviously Is very ineffective for meet other human factors. It Is Important to note,
applications. The prime consideration should be however, that it does make an Important differ-
how displays and other components of the 10$ are ence how Information Is portrayed and formatted.

- - used, rather than what devices are available. It Is Research Is needed to develop objective techniques
beyond the scope of this report to delve into the to Improvement of the 10$.
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