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"The role of slide images as a means of implementing gr/aphlc‘

communication is summarised. A technigue for the mnc/ocom-
puter control of arandom'access slide projector is then gutlined.
;The’desngn alNl |mplementat|on of a general purposg’interface
th ,?actlnates this operation is described. The limitations of the
interface’ pre @:ated and suggéstions for |mprovements are
- discussed. Somfe examples of the use of the system i |r; several
' apphcatroll areas are then presented. oy o
'Keywords Graphic display, automatic control, slide projector'
random access, image projection, interface, computér control,

slrde images. B a ‘e ,

1. Introduction N

Information may take a variety of different‘forms:
numeric, textual and pictorial are three_ common
examples. Techniques for numeric infqrmation
processing via computers are now well established.
Consequently, ovéf: the’last decade, much em-
phasis has been given to the problém of handling
textual material. Advances in théLBower of both
microcomputers .and daja storage devices\have
been combined to produce a multitudd of

-document, text and word processing systems. Like

numeric computation 4ext handling is now VL
standard facility on most micros. .
.Presently, there is considerable aetrvrty in a third
atea of information processing - grawbrcs Graphic
information may take many different forms.
Broadly; these fall into two fundamental cate-
gories - based upon the use of either static or
animated images. Both forms may originate from
two possible sources. These may- either be
generated by a computer program or be captured
by some form of camera.-Images of either sort may
be stored on an appropriate storage medium.

’
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.

Latér, they may be retrieved for display via a suit-
able presentatron system Currently yhere is much -
interest " in computer systems thalf are able to
process pictorial information - either internally (as
in robot vision systems) or externally (as in image
retrieval applications). - "}

Graphic images ‘may
many different ' kinds of \storage device - for
example slides, cinefilm, videotape and optical
disk. The first of these offers an easy, inexpensive
way of stor'ing static graphical images. The latter
three media provide dincreasingly sophisticated
image storage techniques that offer the possibility

stored externally on

of har‘fdling both static and dynamically changing

saenes. Combined with appropriate computer tech-
nology these external image storage devices have a
variety of uses. Undoubtedly, slide projection
equipment is the least costly and probably the most
readily avdilable. This paper describes the use of a

- microcomputer for controlling the display " of

images retrieved from one or more random access
slide projectors. ‘ -

2. Use of Slide Psojectors

Pictorial communication through the medium of -

slides is a powerful means. of disseminating infor-
mation. Because -of the ldrge amount of highly
resolved detail that can be cont¥ined in a picture,

this type of message channel has a high bandwidth -

for information transfer. For this reason slides are
often used to supplement lectures on scientific and
technical toptcs Other information dissemination
activities such as compyter aided learning and
computer based_ aiding systems also frequently
employ slide presentation techniques in order to

" supplement material presented via a \/DU'screen.

In addition, slides are often§ jidely’ used for-adver-
tising and sales promion = especially where aufo-

- %
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Fig. 1. Computer Controlied Slide Projection. -

~

‘méted display. systems can be.set up and ldl .
-runnmg without the need for a human operator.

Computer based training “#nd aiding systems

that involve the use of slide images will require a :
facility that, enables the interconnection of their

embedded mlcrocomputer to the external picture
In order to achieve this,
form of hardware/software interface is
usually required - as d;pi\g:ted in Fig. 1. Microcom-
puter peripherals are normally . inter-linked by
means of one or more of the internationally

wl)accepted interfacing . standards: RS-232-C, IEEE-
" 488 CAMAC, S- lOO and so on. Unfortunately,

there are no commonly agreed upon standards for

_ th idterfacing of perlpherals such as slide pro-

jeglors, vxdeo—tapes or vxdeo disk systems. In view
of this, arbltrary non- -standard interfages often
have to be used. The bas:c function of the interface
is to convert-control signals produced by the com-

puter into-a form that are acceptable to and which .

can be handled by the slide projector. The detailed
design of the interface will obviously depend upon

 the nature of both the microsystem and the slide

projector(s) to-which it is to be interfaced.

Many different types of projector are available
(3. Some operate in a strictly sequential fashion
while others. operate in botk sequentlal and ran-
dom access modes. A sequential
only serial access to images. Thus| in a sequence of
slides numbered 1: through 80, im3ge 64 cannot be

ccessed untll after lmage 63 has lbeen presented.
however, this

4

(O3} H':ILNBO NQIlVWHO:!NI o

rojector permits _

restriction does not hold - slides can be accessed in

any order. The Kodak Carousel S-RA2000 projec-
tor [2] is a typical example.of such a device havmg
a_capacity for 80 slides with an access time of
between 1.5 and § s depending upon the po§ltlon of
the storage carousel when a request is made.

S 7

3. The Microcompu,(er Interface /'\

. / N

When used manually the projector- may be driven
by either a keyboard controlle{ based upon the use
of a simple decimal numeric pad) or a rotary
control unit (that incorporates two thumb wheel
switches). Both of these permit the user to enter a
two digit code N (0 < N = 80) that specifies which
of the 80 shdes in the storage carousel is to be
selected next. The value zero causes the slide

/

»mhgazine to rotate to the start position for un-

loading or 1n1t1ahsatlon of a retrieval sequence.
Within the allowed range of integers there are no
restrictions on the choice of N. Thus, the' sequence
(26,07,42) would cause slide 26 to be projected
followed by slide 7 and then slide 42. The purpose
of the computer interface is to enable the com-
puter, under program control, to determine the
sequence in ‘which slides are to be presented. In
order to perform- its function the interface
emulates the characteristics of the keyboard selec-

tors mentioned above. Thus, in response to the -

control signals passed to it via the output port con-
nections of a microcomputer the mterface must
. » . .

| v %‘ | k | ‘1 )

: I Y _ :

. w DISPLAY DEVICE .

»  USER s .



Q

ERIC

Aruitoxt provided by Eic:

.

desktop compu{er [3] was)
face. However, any other® \
compatible 8 bit output: port ‘. >
driving the interface. -

Logrcally, the two manual slrde " .
pad and rotary switch) perform the sammunctlon
as would be performed by two 104vay. switches
connected in such a way as to enable- &Ve generation
of a two digit decimal number. One @
would be used for the selection ol‘;h ns-drgrt (in
the range O through 8) while theWpiter would
specify the corresponding units-digit (in the range
0 through 9). Such*an arrangement of switches is
illustrated schematically in the diagram presented
in Fig. 2. This shows the switch settings that would

»
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be requrred for.the selectron of slrde number 57 -
as is indicated by the multr-segment LED drsplays -
located at the top rrght hand corner-ef the selector -

) device. Internally, the switches are connected by a

suitable bus system that terminates externally in a
30-way surface mounted interface port: There is a

"matching port mounted on the random access slide

projector. The two are interconnected by means of
a- 30-way intérface caple. The pins on the 30-way

plugs,and the corresponding socket locations are ,
configured in the form of a 10x 3 matrix. Each.

m;;trix position is labelled with a code copsisting of
a digit (in the range 0 through 9) that represents its
row position and an alphabetic character (a,.b or ¢)
that specifies its column position within the
matrix, The code enables 1nterface connectrons to
be uni uely specified and identified.

When a slide is selected by~means of the selector, -

Selector
:
~
Tens Saelect Units Select

30-way

Interface ports

shide S7

- Projector

30-way interface cable

e

oo T
Connections for switches other than S0 and 7 have been omitted for clarity-

v

, \ 4
SWITCH, 50- o —% connection for switch 50°(9b)
(in tens select) \: » common f(7a) -
/‘ r .J
. SWITCH 7 : o .
= o— » connection for® switch 7 (2b) '
(in, units select) \:ﬁ » common (1c} . N

-.

. - P ’
- - Fig. 2. Function of a Manual Slide Selectpr.

-

“
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the internal mechamsms that are mmated may be
likened to the closing of two separate switches - as
shown in the lower part of Fig. 2. The sw1tch con-
dance with their cor-

.57 corresponds to.making connections between
_ points 9b and 7a for the tens digit and points 2b

.".and Ic for the units digit. Once the connectlons are

made an electronic balancing circuit within the
projector causes smooth automatu:\)tauon of the
slide .carousel until the segment holding slide 57 is
positioned above the entry port of the projectiori
mechanism. Rotation then stops, the slide is
mserted (gravxty feed) and the image projected.
The ‘action of the selector switches 1llustrat‘ed in

\ .

. P.G. Barker / Computer Control of a Random Access Slide P{ojec-to'r

Fig. 2 can easily be reproduced by appropfiately'
designed switching arrays. This is the basic
principle underlying the design of the computer
interface which uses two arrays of electronic reed
relays each controlled Ry signals from the com-
puter system. .

In order to emulate the actlon of the keygad (or.
thumb-wheel) selector the 8-bit .parallel input to
the interface (output from the computer) is treated
as tw# 4-bit binary coded decimal (BCD) numbers.
The interface is dc&gned in such ;a way that the
leftmost four bits represent the tens dlglt\oL_he
slide number while the rightmost 4 bits represent -
the units aigit. Each of these groups of fourbinary
coded digits is fed to a SN74145N BCD to dicimal

b . ¥ i
g ] R < ‘ \
. . Computer connections . : N
' s L
' \_-*_,,v\‘\
A4 .
N [ 4 5
» v\ 4 .
‘ BCD o Decimal 8co Dodmll
Converter . .. Converter .
SN74145N k " sN7f1aSN \
TENS) ! {URITS) N
-~ 187 Y r L ’ -
F 3 Yivivivly
A3 -
. r ”
’ 343547 08 B S ‘e
Y|y . ——-—3b
\ viv|y!y N . f—ze——3c
M n ¥ . -
\ < % | Multiswitch | 2 oa
N " - 1 O
; 6 3
i L« sb
- . ¢- {10 reed relays)/{—e—:c - & o
. N s . l—<——4 € s
v - \, . fb—c——4c 8
el '. &b & :
. i e——— — e
. .|| Multiswitch 2 = »a o 2
1 o N o O
) [
;o . } < —0c 0
. —€ 8b
A {9 reed relays) — 8
e a 3 ) € 7
~ ' Ve
. .
. p ]
i p P .
N | " ~-
. \/} ~
3
3 . hd »ic
»7a ¢
v -t ! Fig. 3. Design of the Interface.
r '



r . . (i . . Coe T “
. L \ ‘ < . T <
P. ﬁ Barker / Computer®Control of a Random Access Slide Projector ro., '*,. .
) s e ., . N - ‘-: .. -

converter chip [4]. The output pins from each of ~ = o

‘thése were connected to a multiway switch con- ~ ,  ‘™¢ . : U R
sisting ‘of nine (or-ten) Dual In Llne reed relays [5].  "%'* '{HHIII _ - N
- . These: interconnections are shown in Fig. 3. Thé. snzaiasn. | L0 : _ .
‘ labelled wires erYtermg the multrway switches fro ' TN 5 R A

the rrght correspond to the connectron points Hllﬁll——_)_ Repeat unit ,
between the 1nterface and cthe slide .projector. In °, ) = . . :
‘order {6 avoid confusron the labelling convention » + © = | =~~~ it S

B used corresponds exa/c/:tly with  thatgused.in the. .
manufacturer s. circuit diagrams - this has-been «

© . described previously. ., . - v

Connectrons to thg m1crocomputer are shown ar~
the top of the dragram Because the interface was

3- . LB Ad ’
Nndid - j 'L__-——.h. )
. nn_nn({' annn .

. ;n_l ’

N
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H, J K,L, C,D, E"F) corresponds
. to represent the eight user -progra
. “associatdd with the User port the PE ]
these prnsx.nay be set, under proyeam control, for: .. ' .-
‘., output (o npu,t) of m’formatron ui}:g a suitable . T - Fig. 4. Switching Element Cigcuit Detail. i o '
. - BASIC* language)mrtralrsatron instruction- (of the, . BRI .
form POKE 59459,there0<X<255) A valde swrtch) operate synchronously to. emulate the
of X =0'sets all pms for input and a vadlue X =255 effect of the manual selector system. -, .
~ . sefs them up ready for outpit of information. Software control of the interfaceis .a srmple
lndrvndual settings of -pins © or 1 binary corres-

. task. Any program that wrshes to use it simply
.« "ponding ta signal levels of 0 and volts, ‘respec-. generates a bit pattern (8 bits) to tepresent two 4--

-tively) may, Be effected.by the BASIC statement . by BCD nurbers that together représent a number:, ~
POKE 59471, X where-0< X <255. A value of in the'range 0 through 80. This bit pattern is then.
X 0 sets all 8 pins Yo 0 volts .whije a value of*

. X =255 sets all pins to 5 velts. The'voltage settings .-
on the mlcrocomputer output pogt pins are fed to:
¢ the interface ere they activate the multiway

l__._‘.v__:___.:_lv__.
\

o

L4

passed across -to the interface via appropriate 8-
way cabling connections. Table 1 shows a control
program that has been written in BASIC for the "
Commodore PET microcomputer. $tatement 10

. . e ., . .
4« . switches that were descrrbed above. s “sets the data direction register of the PET user-
" The .construction of both of. the mulfiway, v - - ’ . .
‘! switches is identical. They each consist of an ~ Table1 . ~ N
. - appropriate number of teplications of the basic. Imerface comro| program written in BASIC e

- ., . switchingCircuit (shown bounded by detted lmes) s liEl\A PROGRAM TO CONTROL RA SLIDE PROJECTOR
illustrated in Fig. 4. The BCD, pattern-inptTo the 19 poKE 59458,255 : REM SET DATA DIRECTION REGISTER
SN74145 chip determines which,of its out%t pins 20 INPUT "@f&&&&ENTER SLIDE NUMBER”; NS

oS actrvated The output voltagks" from the 30 F NS >80 THEN 90 oo

SN74145 are fed to a series of SN7404 hex i inverter - - % 'F.Ns < 0" THEN 80 s . .
50 = (INT(NS/10)*15) + NS - INT(NS/10)*10 o

0

chips Wthh perform signal 4n yersion. The output: 60 'POKE 59471 K : REM ACTNATE PROJECTOR
. from the inverter gate is passed to the basé of &= -9 GOTO 20 - o
2N3053 NPN transistor where it is uded to turh on 90 PRINT “INVALID SLIDE NUMBER" L -
(or off) t ollector to emitter current..The - 100 PRINT “TRY AGAIN" + . :
transistor switch is used to control‘a reed relay- 105 K2=Ti. . . : ,
. . . . - 106 IFTI< K2+120 THEN106 ~ -+ < , -
. attached to its-gollector input pin. Pairs of relays 40 GoTo 20 , > a2
kne in tfle tens multjswitch and one in the units — ° IR — —
L : A : _ . , . E )
. : : . o . . o T . : [3

. “ . oyt + . 3 .
N . . oot L , :
. . . - ‘ . , . ) v s )
1 [ e, ; / . . ) . . .
< - - .
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"#with the timing loop at stat

" (cursor down one line).
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]
I - . .
it
i

!

ol it e o ot Vs ot 1o e -
_port - all pins set for output. User input to the *

program via the keybeard is initiated by lirie- 20.
Validation of 1nput,’ tesponses from the user iakes.
place i in lines 30 arid 40 with appropriate dragnos-
tics generated by s‘atements 90 through k06 if re-
qUtred Provided valrd slide number i s selected, ,

B stat;*ment 50 computes the required bit pattern to '

<

contsol the prOJeétor Thrs passed across to. the ©
mterface via statdment 60. "THe program then loops'
back in order to ’servrce a further request from the
user. Program/ termination can ' achieved *
interru;zé sequence
RUN STOP key on the ‘computer
typewrrter 'keyboard. Notice that in statement 20 -
“use is made of special cursor control characters to
produce dynamic graphic 'effects (in conju ction
ent.106) on the com-
These specral cursor‘_‘;:ontr‘ol

puter .screen.,

‘characters are denoted i in the INPUT statement by

@ (clear the screen), £ (home the cursor) and &
b a

The interface components fit conveniently into a
box measuring 5. lx8 4x3.3,(all dimensions in
inches) fittéd with 25- -way (to the computer) and
37-way (to the projector) connectors. Power to
drive the interface (a 5 volt supply) isAtal_<en from’
the micro'c_ornputer' ‘cirquitry  for convenience

although an independent supply.could be used if

necessary. Several applications for,the interface
have been found. Some of these are described in
Section 5 of the"paper

P.G. Backer /. Compu’tel Conmf of a'Random Access Slide Projector ) -

4.: Limftations of the Interface e

The design and construetion of computer inter-
faces, for random(access prOjCCIOl'S can be a dif-
ficult problem since they can place considerable
~demand.on the I/Q port, of the host microcom-
puter. Thus, in the example descrrbed in the
previous section  each SN74145 IC has four input

Jines. Togetlxer they: require the use of all eight

1/0 lines of the microcomputer output port (a
PET 6522 VIA). This is a gevere limitation if other

* devices also need to use this for 1/0.

Should the need arise to control a significat

nywmber of random access projectors then -another’

limitation of the interface becomes apparent. For
multiple projector control an ar')propri'ate addrﬂes.
srng scheme would need to be 1ntroduced The
compUter output port cannqt be used because this
is dedicateg to the transfer (}f switch selection data.

The microcomputer address bus, however; can be
used to. provide one solution to this problem. By
equipping each projector with an address decoder/.
latch enable circuit it becomes possiblée to memory
map the projectors onto the address space of the
computer. The mrcrocomputer output port could
then be used as a common external ‘data bus from
which slide selectron data is Strobed by the projec-
tor whose identification is sent over the address
bus. - Alternatively, the microcomputer’s internal
bidirectional data bus could be used to transmit the
slide selection data. Such:an arrangement is Iillusw

~
J y _
¥ R N :
- . t .
- ] ’
, A N , DATA . BUS
. ¢ RS I D
¢ . DATA LATCM DATA LATCH
LHOST .
M]CROCOMPUTER l PROJEC TOR IJ l PROJECTOR Z—I
SYSTEM - -
A
-
- ADDRESS DECODE ADDRESS DECODE ADDRESS DECQDE <
S : and and and
LATCH ENABLE LATCH ENABLE LATCH ENABLE
. h A A
cv L - 1 b )
'ADDRESS  BUS > >
A ‘ - »
. Fig. 5. Memory,Mapped Random Access Slide Projectors.
~ 4 . : ' ! A
* B -
- \ P \ \ \‘. - \

~7~. .

-
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trated schematically in Fig. 5. When using’this
approach to projector control, the BASIC state-
ment POKE X, Y could be used to request that
slide Y be displayed on the -projector whose
address is X. Memory mapping of projectors onto
unused ROM addresses could thys be used tg pro-
vide sufficient expansion capability to support any
reasonable nufmber of slide projectors. * '

5. Applications of the Interface .

-

Many situations arise wherein it is#necessary to -

gain random access to graphic data or visual
images. For example, in many areas_of experi-
mental psychology subjects are confronted with

- randomly selected pictorial data and their respon-

ses then recorded. Similarly, in applications of,
computer assisted instruction (CAI) a student or,

, trainee is'presenteuth a visual image selected

from a data bank {6] and is then asked to respond
in some way. Based upon the results obtained by
analysing the student’s response, further imdges

are then selected for presentation. Multi-media

information retrieval and automated display

~systems are two further examples.of situations that

require random access to images. Some of these
applications are discussed in more detail below.

5.1. Multi-Media CAI Systems
. N 3 |

Suppose someone is to be trained in the use of
microelectronics. Typically, under computer con-
trol a slide projector might be used to show the
trainee some stides containing pictures of elec-
tronic componénts and circuit diagrams in which
these are used. Subsequently, the computer would
attempt to assess the trainee’s understanding of the
material by requestmg the answer to a multiple
choice question that it dlsplays on its VDU screen.
Assume that this has six Single valued response
options - say A, B, C, D, E and F. Once the
student has responded to the question the com-
puter may be required to executé the following
type of decision logic: .

v

If reply is A then show slide N;

If reply is E or C or B then show slide K;

v

P.G. Barker / Computer Control of @ Random Access Slide Projector 267

If rgply is D or F then show slide P;
1 HELP requested then go to HELPER;
Go to INVALID-REPLY routine.

s : ,
Obviously, to implement this kind of image
prese‘n—;@ition strategy in an effective way a random
access slide projector is a necessary pre-requisite.

A miylti-media CAI system has been designed
and constructed. A description of this system has
been given elsewhere [6, 7). Instructional material
is presemed to Students via three interaction chan-
nels -'graphlc 1mages displayed on a slide projec-
tor, audio matenal presented on a tape recorder
and textual messages displayed on the CRT screen
of a microcamputer These three main channels

- are supported by auxiliary ones based upon the use

of conventional resources - a guidebook, printed
notes, circuit diagrams, patch boards and SO on.
In order to evaluate the capability of the system’
as a teaching aid at least two performance metrics
need to be estimated. In [7], acceptability and

_ effectiveness were ‘choosen as the two important

criteria. Acceptability refers to a host of different
ergonomic, pedagogic and procedural fattors that
need to be analysed in conjunction with those who

-'use the system - both authors (that is; teachers and

instructors who prepare the instructional material)
and learners (students and. trainees whe use the
stored teaching material). The effectiveness metric
is-used to describe the utility of the system as a
learning medium in relation to cost, time and
effort. The important consideration here is
whether the system imparts knowledge to the user.
In other words, is the.student more knowledgeable
as a result of interaction with the teaching system?
As pre-testing and post-testing are commonly used
techniques for evaluating mstrucnonal schema and
pedagogical strategies it was felt 1mportant to
apply these methods to the evaluation of the multi-
media instructional system outlined above. Further
details on acceptability assessment of the*system
have been described by Yeates [7]. The remaining
part of this case study briefly describes the#nethod
of using the random access slide projecfor and
microcomputer to implement the pre-test and post-
test used to assess the effectiveness 'of the CAI
system.

The muln medla CAl machme used for mstruc—
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taining to some Universe of Discourse (UoD) that
is to be presented to the student or trainee. Prior to
any interaction with the teaching- system the
student is subject to a pre-test that is designed to
assess his/her initial knowledge of the UoD. After’
“interaction with the CAI system the_student is
asked to participate in a post-test.in order to deter-
mine if his/her knowledge of the UoD has signifi-
“cantly increased. The experiments were conducted
in the following way. A carousel of 80 slides was
prepared. Each of the slides” was related to the
material contained in the courseware résidq:x\in’
the CAl machine. Appropriate human-macMine
dialogue programs were written to support these
slides. A student could thus e shown a picture (in
the form of a slide) and then asked a question(s) on
the contents of the picture (via the CRT screen of
the computer). The student is able to respond to
the multiple choi;:; question by means of conven-
tional keyboard interaction, a light pen or apres-
sure sensitive keypad system .[8]. All the CRT
screen 'fgames for the computer testing and the
student response data are stored in a suitably
designed data base system implemented on a
“flexible disk store facility. )
The procedural strategy for the testing” opera-
tions was as follows. A student would register at’
the computer keyboard and then be presented with
a randomly selected sequence of 20 pictures and
accompanying questions. The student’s responses

to the questions are recorded in the data base

system. On completion of the pre-test the student
proceeds to the CAl system where instruction takes
place. Subsequently, the student sits#post-test in a
similar manner to that described for the pre-test
phase.of the' experiments. Having completed this,
the results of each test are statistically compared in
order to see if there is any significant increase in

-~

performance. . _ .
5.2. Implememing Automatic S,Iide Display Sys-
tems .

" An automatic slide dispéy system is one which
‘permits any given sequence of slides (S, S,, S;...)
to be presented repetitively (say, N .times). The
_system is described as automatic since once it has

/

tion is equipped with a set of courseware units per-

P.G. Barker / Computer Control of a Random Access Slide Projector 4

beén programmed and activated there'is no further

need for ady human intervention. During the

‘presentation slides in the sequence may each be

projected for a fixed length of time. Alternatively,
the times for which particular slides are displayed
may be individually specified.. - .
Taple 2 shows a BASIC contral program that
enables this type of automated display system to be
set-up. It runs on a Comnmadore PET microcom-
puter. When it is invoked the program requests its
user to enter the number of repeats (R1), the num-
ber of images (S1) to be shown and the default dis-
play duratign (D1). Once this data has been
entered the user can specify the order in which
slides are. to be presented and~the duration for

which each is.to be shown - if this does not corres-

pand to the dgfault value. This system (Com- "

modore PET%n\d Kodak S-RA2000 projector) has
been used for a variety of automated demonstra-

tions and advertising appliCﬂ[iO{]S. q

T-R]eZ

Program for Automatic slide projection

100 DIM T(80), S(80)

110 POKE 59459,255 ' -

120 PRINT “[J/AUTOMATED SLIDE PROJECTION"
130
140
150

PRINT uoo.éo-ooo-ooo-ooo..ooooooo"

INPUT "llHOW MANY REPEATS": R1

INPUT "lIHOW MANY IMAGES": S1

160 INPUT “IDEFAULT DURATION*: D1 r
170 FOR 1=1TO B0 : T{l) = D1 : NEXT |

180 PRINT “IDO YOU WISH TO SPECIFY THE ORDER"
190 PRINT "IN WHICH SLIDES ARE PRESENTED?"

200 PRINT "] =+~ ANSWER Y OR N

210 GET A$ : IF AS =" " THEN 210

220 IFA$="Y"0ORAS$="N"THEN 240 - .

230 GOTO 210

240 IF AS="Y" THEN GOTO 270

250 Fpﬂl=1TOSl:S(l)=l:NEXT|
260 GOTO 350
220 PRINT “|lENTERTHE SLIDE NUMBERS IN THE"
280 PRINT ""SEQUENCE YOU WISH THEM TO BE DIS-
PLAYED"”
230 FOR1=1TO S1
300 PRINT ‘| —=——|MAGE"; I; 1"
310 INPUT " WILL BE SLIDE"; S{h}
320 POKE 33637,32 : POKE 33638,32
330 PRINT “1*;
340 . NEXT | v
350 “OJAUTOMATED SLIDE PROJECTION'
360 PR'NT R Y YN RN NS RN YN Y NN Y N
370 PRINT r'l-’*HOW MANY SLIDES DA NOT HAVE THE”
N ° -
9
4 [

-
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5
380 INPUT “—~DEFAULT DISPARY TIME™; N
390 IF N =0 THEN GOTO 500 '

400 PRINT ) ~—ENTER THE_DET ILS sECOW: "
410 PRINT"l1" a

420 FOR!I=1TON T
430 INPUT “"—++IMAGE NUMBER:"; K1

440 INPUT "'—+++-DISPLAY TIME:"; K2
450 TKN)=K2  on

e

s

T

“

460 POKE 33230,32 : POKE 33231,32,, b
470 POKE 33270,32 : POKE 33271,32 : POKE 33272,32 B

480 PRINT 11", ]

490 NEXTI ¢
500 REM NOW CONVERT TIMES TO JIFFIES

510 REM AND CHECK FOR INVALID SLIDE NUMBERS

520 FOR1=1TO S1 " ﬁ ) a..

530 T{l) =TN"60

540. (F S() < 0 OR S{I >80 THEN 760

550 NEXT | -0
560 REM NOW COMMENCE OPERATION .
570 PRINT “3IEXECUTION BEGINS”

580 FOR{=1TO R1

590 FOR J=1TO S1

600 GOSUB 670 : REM GET PICTURE

610  GOSUB 720 : REM INVOKE TIMER

620 NEXT J . o, .

630 NEXT | ‘

640 NS =0: GOSUB 690

650 PRINT “C11/EXECUTION TERMINATED" \
660 STOP
670 REM ***RETRI \/E SLIDE

680 NS =S

690 P =INTINS/10) — INT(NS/10)*10
700 POKE 59471,P :

710 RETURN

720 REM ***TIMER ROUTINE

730 K=TI |

740 IF Tl < K +T(J) THEN 740

750 RETURN

760 REM *** ERROR REPORT AND ABORT .
770 PRINT® Dlll"'lNVALID SLIDE NUMBER SPECIFIED

780 PRINT* ’"EXECUTION NOT,POSSIBLE"

790 PRINT " I**RUN ABORTED"
800 STOP

Fad

5.2. Implementmg Graphlc Interfaces 10 Informrz-
tion Systems

Another area in which the random access slide pro- -

jector has been utilised is in the design and imple:
mentation of pictorial interfaces to information
retrieval systems. Very oft/en, when .a user ovf'a
computer system ‘wishes to retrieve information
from a data base he/she often knows what is

" wanted but is unable to express this requirement in

/ B

et

'

P - r

“words’ or ‘numbers’. i-lowever, if the user i pre-
~.sented with a sequence of pictures that describe the

UoD covered by the data base bemg interrogated

' then it is possrble (through an approprrate refine-
. ment dialogue) to retrieve-the sought after infor-
.mation.by means of simple menu selection techni-

ques using a light pen, keyboard device or hand

_print terminal [9]. Graphic interfaces to informa-, .

tipn systems have been descrrbed by Senko [10].

tonebraker, [I1] “and ‘Others [12, 13]. Unfor-
tunatdy, each of these implementations requires
the use of expensive interactive” graphics equip-
ment. The mibrocomputer/slide projecfgr techni-

.'que, in contrast, offers a less expensive alternatrve_
that is useful in many situations that. do not requrre :

“ full interactive grahics capabrlrty or sophisticated
anr&ftron techmqués The remaining par;,of this
paper describes the principle undeﬁyjng graphic

interfaces and how they:may be.implementedida
* multi-media” human-machine .intetaction techni-

ques.

The-structured ‘-fé’p -down’ alytrc decomposr-

tion of an entity into its component parts is an

often used technique -bﬁometrmes referred to in
dynamic situations as ‘hommg in’, It is a well

K established method. ofbroceedmg in gradual steps

froma general vre:?@object to a highly magni-
fied view of a spdcifia’part of that object. For.

example, in an anatomy lecture thé student might

_be presented with a slide showing a general view:of
e human body followed by a close-up of the
"head. This, in turn; may be followed by a-slide

showing a section of the human eye and then
another depicting the detail of the .optic nerve.

Thus, in a series of four slides the student is taken

from a very~general view of the human anatomy to
a highly specific view of one. of its sub-com-
ponents. This principle and methadology can be
used to significant advantage in the design of pic-
torial interfaces for information retrieval in a wide
variety of contexts including computer assisted
instruction. The prmcrple is illustrated con-
ceptually in Fig. 6. '

This dragram shows several stepwrse refinement

stages in an information retrieval dialogue. The
rectangle on the left of each ‘et of dlagrams
represents the screen used for t "' prcsentatron of
images produced by the slide projector while that

10

/
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. ~ Fig. 6. Multi-Channel Stepwise‘Refinemeht.
“on the right depicts the eOPrespond_ing appearance
of the text displayed on the CRT screen of the

‘computer terminal or micro-computer. The top-

most level represents the overall scope of the inter-
» face (or-data base contents) in terms of the sub-
- pictures (or scenes) A through G of one

. Selectiqn '
of these sub-pictures (concept refim may be

made either,via light pen interaction with the dom- .

puter screen or by me'ans of some form of keypad
or hand print terminal. The diagram shows selec-

tion of sub- plcture F. A more detailed view of this -

componerit is now presented 'in terms of its sub-
components (F1 through F7). Further Hﬁeractlon
and selection may then take place until the
requ1red information bﬁng nodes of,the hier-,
archical access path are encountered. These are
. shown as rectangles in the tree structure diagram

presented in Fig. 7.'Unf0rtunately', the storage.
-capability of the slide projector used in this

example seriously limjts the, complexlty of the
access tree (breadth agfd depthy smce only: 80 nodes
are avallable Howe er, this restlctlon could easily

be imoved by em.plo»ymg extra projectors -

Q O ; |
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according to the method. described.in Section 4. .
- An_application of the principles outlined above -
has beén described by Towne [14].' This §ystem
(called AIDE - Automated Instruction’ Direction"
and Exercxse) has been used for trammg radar .
techmcxans It depends upon random acceSS to 125
images that are stored on 35 mm slides. The data
base thus contains only enough slides to enable the
system to, bé tested and evaluatgd. A more realistic
data base is likely to contai out 1000 images of
wid ly varying degrees -of detail, Future ,develop-.
afients of this system are directed towards in-. '
creasing the capacity of the data base and adding a-
colour microfiche capability to enable more com-.”
pact image storage. Similar mllt),<med1a informa-
tion retrieval systems based upon the use of shdes, .
incroflche and stored video images have been des-

ribed, by Stabletron [51. ~

6. Conclysion

/'.

: o o .,
A simple interface to enable the interconnection of
-a random -access slide projector and microcompu-
ter has been’ described'. The -use of ‘the system to
‘support milti-channel human-computer communi- . .

N

“""._1]_, _‘
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cation has been outlinéd in the context of some
e\(amples chosen from computer assisted instruc-
‘t10n -automated dtsplay systems and mfo?matton
retrieval applications. ' .

struét and reliable. Its major limitation lies in the

41}qct that it requut’es the availability of 8 1/0 port

> lines to control” it. This dtsadvantage could easily

, The mt_}face 1S €asy tovuse, inexpensive to con-
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Graphic images ‘may
many different ' kinds of \storage device - for
example slides, cinefilm, videotape and optical
disk. The first of these offers an easy, inexpensive

stored externally on

. way of stor'ing static graphical images. The latter

three media provide dincreasingly sophisticated
image storage techniques that offer the possibility

of har‘ldling both static and dynamically changing

slrde images. . ‘e . . .
S ’ seenes. Combined with appropriate computer tech-
nology these external image storage devices have a
1. Introduction - variety of uses. Undoubtedly, slide projection

Information may take a variety of different‘forms:
numeric, textual and pictorial are three_ common
examples. Techniques for numeric infqrmation
processing via computers are now well established.
Consequently, ovéf: the’last decade, much em-
phasis has been given to the problém of handling
textual material. Advances in théLBower of both
microcomputers .and daja storage devices \have
been combined to produce a multitudd of

-document, text and word processing systems. Like

numeric computation 4ext handling is now VL
standard facility on most micros. .
.Presently, there is considerable aetrvrty in a third
atea of information processing - grawbrcs Graphic
information may take many different forms.
Broadly; these fall into two fundamental cate-
gories - based upon the use of either static or
animated images. Both forms may originate from
two possible sources. These may- either be
generated by a computer program or be captured
by some form of camera.-Images of either sort may
be stored on an appropriate storage medium.

’

equipment is the least costly and probably the most
readily avdilable. This paper describes the use of a

- microcomputer for controlling the display " of

images retrieved from one or more random access
slide projectors. ‘ -

2. Use of Slide Psojectors

Pictorial communication through the medium of -

slides is a powerful means. of disseminating infor-
mation. Because -of the ldrge amount of highly
resolved detail that can be cont¥ined in a picture,

this type of message channel,has a high bandwidth -

for information transfer. For this reason slides are
often used to supplement lectures on scientific and
technical toptcs Other information dissemination
activities such as compyter aided learning and
computer based_ aiding systems also frequently
employ slide presentation techniques in order to

" supplement material presented via a \/DU'screen.

In addition, slides are often,widely used for-adver-
tising and sales promion = especially where aufo-
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‘méted display. systems can be.set up and ldl .
-runnmg without the need for a human operator.

Computer based training “#nd aiding systems

that involve the use of slide images will require a :
facility that, enables. the interconnection of their

embedded mlcrocomputer to the external picture
In order to achieve thls,
some form of hardware/software interface is
usually required - as d;prcted in Fig. 1. Microcom-
puter peripherals are normally . inter-linked by
means of one or more of the internationally

w)accepted interfacing .standards: RS-232-C, IEEE-

) 488, CAMAC, S- lOO and so on. Unfortunately,

Q Sounosau 'nmouvonoa IHL Ol t-
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In a‘randor_n access projector

there are no commonly agreed upon standards for

_ th idterfacing of perlpherals such as slide pro-

jegfors, vxdeo—tapes or vxdeo disk systems. In view
of this, arbltrary non- -standard interfages often
have to be used. The bas:c function of the interface
is to convert- control signals produced by the com-

puter into-a form that are acceptable to and which .

can be handled by the slide projector. The detailed
design of the interface will obviously depend upon

 the nature of both the microsystem and the slide

projector(s) to-which it is to be interfaced.

Many different types of projector are available
(3. Some operate in a strictly sequential fashion
while others. operate in botk sequentlal and ran-
dom access modes. A sequential
only serial access to images. Thus{ in a sequence of
slides numbered 1: through 80, im3ge 64 cannot be

ccessed untll after lmage 63 has lbeen presented.
however, this

4

(O3} H':ILNBO NQIlVWHO:!NI o

rojector permits _

restriction does not hold - slides can be accessed in

any order. The Kodak Carousel S-RA2000 projec-
tor [2] is a typical example.of such a device havmg
a_capacity for 80 slides with an access time of
between 1.5 and § s depending upon the po§ltlon of
the storage carousel when a request is made.

S 7

3. The Microcompu,ter Interface /'\
v // N
When used manually the projector- may be driven
by either a keyboard controlle{ based upon the use
of a simple decimal numeric pad) or a rotary
control unit (that incorporates two thumb wheel
switches). Both of these permit the user to enter a
two digit code N (0 < N = 80) that specifies which
of the 80 shdes in the storage carousel is to be
selected next. The value zero causes the slide

»mhgazine to rotate to the start position for un-

loading or 1n1t1ahsatlon of a retrieval sequence.
Within the allowed range of integers there are no
restrictions on the choice of N. Thus, the' sequence
(26,07,42) would cause slide 26 to be projected
followed by slide 7 and then slide 42. The purpose
of the computer interface is to enable the com-
puter, under program control, to determine the
sequence in ‘which slides are to be presented. In
order to perform- its function the interface
emulates the characteristics of the keyboard selec-

tors mentidned above. Thus, in response to the .

control signals passed to it via the output port con-
nections of a microcomputer the mterface must
. » . .

. ’6 .' N " . .

‘ ' . @ w DISPLAY DEVICE .

, USER R €
* . feg PROJECTOR SCREEN) . .
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work that is described hé
desktop computer [3] was!
face. However, any other® \
compatible 8 bit output: port ‘.
driving the interface. Ul

Loglcally, the two manual slide® " .
pad and rotary switch) perform the sammunctlon
as would be performed by two 104vay. switches
connected in such a way as to enable- &ve generation
of a two digit decimal number. One @
would be used for the selection 0[31. ns-dlgn (in
the range O through 8) while theWpiter would
specify the corresponding units-digit (in the range
0 through 9). Such*an arrangement of switches is
illustrated schematically in the diagram presented
in Fig. 2. This shows the switch settings that would

»

[

be requxred for.the selectlon of sllde number 57 -
as is indicated by the multl-segment LED dlsplays .
located at the top nght hand corner-ef the selector -

device. lnternally, the switches are connected by a

" suitable bus system that terminates externally in a

30-way surface mounted interface pbrt: There is a

"matching port mounted on the random access slide

projector. The two are interconnected by means of
a- 30-way intérface caple. The pins on the 30-way

plugs,and the corresponding socket locations are ,
configured in the form of a 10x3 matrix. Each,

matrix position is labelled with a code copsisting of
a digit (in the range 0 through 9) that represents its
row position and an alphabetic character (a,.b or ¢)
that specifies its column position within the
matrix, The code enables mterface connectlons to
be uni uely specified and identified.

When a slide is selected by~means of the selector, -

263"

Selector
:
~
Tens Saelect Units Select

30-way

Interface ports

shide S7

- Projector

30-way interface cable

e

oo R
Connections for switches other than S0 and 7 have been omitted for clarity.

v

, \ 4
SWITCH, 50- o —» connection for switch 50°(9b)
(in tens select) \: » common f(7a)
/ . >
. SWITCH 7 : o .
o— » connection for® switch 7 (2b) '
(in, units select) \:ﬁ » common (1c} . N

-.

’ . M .
- - Fig. 2. Function of a Manual Slide Selectpr.

-

“
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the internal mechanrsms that are 1n1t1ated may be
likened to the closing of two separate switches - as
shown in the lower part of Bg. 2. The swrteh con-
nections are labelled in accordance with their cor-
“rect interface.designations. Thus, selection of slide:
.57 corresponds to.making connections between
points 9b and 7a for the tens digit and points 2b
.".and Ic for the units digit. Once the connectrons are
made an electronic balancing circuit within the
projector causes smoothe automatu:\)tauon of the
slide .carousel until the segment holding slide 57 is
positioned above the entry port of the projectiori
mechanism. Rotation then stops, the slide is
1nserted (gravrty feed) and the image projected.

The ‘action of the selector switches 1llustrat‘ed in

\ .

. P.G. Barker / Computer Control of a Random Access Slide P{ojec-to'r

Fig. 2 can easily be reproduced by appropfiately'
designed switching arrays. This is the basic
principle underlying the design of the computer
interface which uses two arrays of electronic reed
relays each controlled Ry signals from the com-
puter system . s

In order to emulate the action of the keygad (or.
thumb-wheel) selector the 8-bit .parallel input to
the interface (output from the computer) is treated
as twh 4-bit binary coded decimal (BED) numbers.
The interface is dc&gned in such ;a way that the
leftmost four bits represent the tens drgr(\oL_he
slide number while the rightmost 4 bits represent -
the units aigit. Each of these groups of fourbinary

coded digits is fed to a SN74145N BCD to dcimal

h) . g -
-» . i X ; \
- . Computer connections . : N . .
s L
. c .
o *—_oa"‘\‘\
A4 .
. ok . 3.
- . 4 R
» v\ 4 .
|
‘ BCD o Decimal 8co Dodmll
Converter . .. Converter .
SN74145N [N " SNTfIaSN \ -
TENS) 9 ! {URITS) N
o 1R 28 r L ’ N -
2 - . kY viviviv]|y .
A3 -
. d r J
‘ Jase ey . s ‘.
.-, Y 4 .\ . L —«——3 R
\ ’ Yiv|y!y N . [ e 3¢
) ° n . . -
\ < % | Multiswitch | 2 oa
v » - 1t O
¥ 6c "‘8
N L« sb
- . ¢- {10 reed relays)/{—e—:c - & o
\ . N s . l—<——4 € s
v - \, . fb—c——4c 8
‘ ' ' e . o 5 "
. e R i e——— "
> .|| Multiswitch 2 = > o 2
< O
\ # N ob et
] ) N ) < > —0c°'0
. —€ 8b
A {9 reed relays) — 8
. a 3 ) € 7
.l I~ ! y
\ .
. 3 .
i p » .
-t : - \ . .
. \/} - .
3
3 . hd »ic
' »7a ¢
' -t ! Fig. 3. Design of the Interface
! /
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converter chlp [4]. The output pins from each of
‘thése were connected to.a multrway switch con-
sisting ‘of nine (or: ten) Dual In, Llne reed relays [5]
These 1nterconuect10ns are shown in Fig. 3. .
‘ labelled wires erYtermg the multrway switches fro
the rrght correspond to the connectron points

between the 1nterface a/nd cthe slide projector. In -,

“order fo avoid confusron the labellrng convention
used corresponds exac/:tly with . thatgused.in the.
manufacturer s. circuit diagrams - this has-been
described. previously. - ., v
Connectrons to thg m1crocomputer are shown ar~
” the top of the diagram. Because the interface was
developed in con]unction with a Co modore PET X
system the’ labellmg conventron (us¢ of the letters
H,J,K,L,C, D, EF) corresponds ith that'used .
to represent_the eight user- -progra )
"associat¢d with the User port the PE
these pins may be_set,‘”under program control, for:
output (j&inpu,t) of in’formation using a suitable
BASIC’ language)mrtrahsatmn 1nstr§lhtion - (of the,
form POKE 59459, X where 0 <.X 5255): A vajfe
of X =0'sets all pms for input and a value X =255
. sets them up ready for output of information.
lndrvndual settings”of -pins (0 or 1 binary corres-
pondmg ta signal levels of 0 and § volts, ‘respec-.
trvely) may, be effected. by the BASIC statement .
POKE 59471, X where 0<X<255 A value of
X 0 sets all 8 pins Yo 0 volts .whije a value of*

X =255 sets all pins to 5 velts. The'voltage settings .~

on the mlcrocomputer output pogt pins are fed to:
¢ the 1nterface ere they activate the multiway
. Switches that were descrrbed above. o,

The .construction of both of. the mulfiway,
switches is identical. They each consist of an ’
appropriate number of teplications of the basic.

. switchingacircuit (shown bounded by detted lines)
illustrated in Fig. 4. The BCD, pattern~inp,ut%o the
SN74145 chip determines which,of its out"pﬁt pins

oS actrvated The output voltagks" from the
SN74145 are fed to a series of SN7404 hex inverter
chips which perform signal \)rwersion.‘The output-
from the inverter gate is passed.to the basé of a-
2N3053 NPN transistor where it is uded to turh on
(or off) t ollector to emitter current.:The -
transistor switch is used to control "a reed relay:
. attached to its-gollector ‘input pin. Pairs of relays

kne in tHe tens multjswitch and one in the units

-h oy

)

s ,,.~“ — Lo . ‘:ll.
LA /—"Q, ; 7-;

. N ' R o
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\swnch) operate synchronously to. emulate the
"“effect of the manual selector systém. -, : ¢

N v

.. . tov

-

,
inputs
Fd

. SN74145N. LU ‘ _ .
LTI \ . . [] . » _A i
Irl I{ITL—_‘_ Repeat unit e
.= 7 . ‘
N N - — - =T - _l' o
| . 2 ; . | . ‘
L > - & .
oo T T e r
I E n_rm({ oanan | -
. 7404 RS-309-348 I \" :
|~ ¢ @u uu - T suauuuu I\m it .
L L li‘"*" B
5 l',, L | e 1, ‘ .
P IR -l,"'
» l I
o i
i 1 .‘.“_ R
- .
' . , ‘ ‘
, .. . @, Y

Fig. 4. Switching £lement Cigcuit Details. - ‘"
. . i

:
e

Software control of the interface is .a srmple
task. Any program that wrshes to use it simply
generates a bit pattern (8 bits) to r;epresent two 4-
bit BCD numbers that together represent a number: 4
in the'range 0 through 80. This bit pattern is then.
passed across -to the interface via appropriate 8- o
way cabling connections. Table 1 shows a control o
program that has been written in BASIC for the "
Commodore PET microcomputer. Statement 10
“sets the data direction register of the PET user-

. * ~ - . . 2
. s . . ) . L
Table 1 ) N . .
.
Interface comrol program wrmen in BASIC o

s

5 liEl\d PROGRAM TO CONTROL RA'SLIDE PROJECTOR

10 POKE 53459,255 : REM SET DATA DIRECTION REGISTER
20 INPUT " @EE&&&&ENTER SLIDE NUMBER"; NS
30 IF NS >80 THEN 90 Lo ’
. 40" IF'NS<0'THEN'90 ‘ e )
50 K = (INT{NS/10)*18) + NS - INT(NS/10)*10 o
60 POKE §9471,K : REM ACTIVATE PROJECTOR
70 GOTO 20 aa . -
9 PRINT “INVALID SLIDE NUMBER" L
100 PRINT “TRY AGAIN" «+ °.
105 K2=TI, , _ , B
106 IFTI< K2+120 THEN 106 ~ =, -
140 GoTO 20 . L,
i 4 T ' ‘ 8 l
P " ) | ' ‘ >
: U .“ N . . B
. . R ’
£ R
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: T . T . - on
port - all pins set for output. ‘User input to the ° 4. Limltations of the Interface -

program via the keyboard is initiated by krie-20. . - - . u .
Validation of 1nput,' tesponses from the user takes ~ The design and construction of computer inter-

place i in lires 30 ‘anid 40 with appropriate dragnos-- faces, for random(acceSS prOjCC[Ol‘S can be a dif-
tics generated by statements 90 through k06 if re- ficult problem since they can place considerable
qured Provided valrd slidet number i s selected, " demand. on the l/\) port, of the host mrcrocom-

- stat;*ment 50 combutes the*requrred brt pattern to puter. Thus, in the example descrrbed in the

contsol the prOJeétor This Q‘passed across to.the ©  previous section each SN74145 IC has four input
mterface via statdment 60. The program then loops™ lines. Together, they- require the use of all eight
back in order to ’servnce a further request from the 1/0 lines of the microcomputer output port (a
user. Program/ termination can ' achieved * PET 6522 VIA). Ttus 1s.a gevere limitation if other
Zé sequence * devices also need to use this for 1/0.
RUN STOP key on the computer W Should the need arise to control a significant
typewrrter keyboard Notice that in statement 20 - number of random access projectors then another
“use is made of special cursor control characters to limitation of the interface becomes apparent. For

produce dynamic graphic effects (in conju ction multiple projector control an ar')propri'ate addrﬂes.

“»with the timing loop at staterent. 106) on the com- srng scheme would need to be 1ntroduced The *

puter _screen. These specral cursor‘_‘;:ontr‘ol compUter output port cannqt be used because this

‘characters are denoted i in the INPUT statement by is dedicategl to the transfer (}f switch selection data.

@ (clear the screen), £ (home the cursor) and & The microcomputer address bus, however, can be
’ 2 used to. provide one solution to this problem. By

The interface components fit conveniently into a equipping each projector with an address decoder/.
box measuring 5.1 x 8.4x 3.3 (all dimensions in latch enable circuit it becomes possible to memory
inches) fittéd with 25:way (to the computer) and map the projectors onto the address space of the
37-way (to the- projector) connectors. Power to computer. The mrcrocomputer output port could
drive the 1nterface (a 5 volt supply) is taken from then be used as a common external ‘data bus from
the mlcroc_omputer .crr(;un,ry_ for convenience which slide selectron data is Strobed by the projec-
although an independent supply.could be used if tor whose identification is sent over the address
‘necessary. Several applications for,the interface . bus." Alternatively, the microcomputer’s internal
have been found. Someé of these are described in bidirectional data bus could be used to transmit the
Section 5 of the"paper ) slide selection data. Such:an arrangement is Iillusw

. A ) \<‘L \l'- DATAlL% l 4>

DATA LATCH

DATA LATCH

DATA LATCH

LHOST .
MICROCOMPUTER
N PROJECTOR 1 PROJECTOR 2 PROJECTOR + N,
(o] | RN ‘]
A
-
h - ADDRESS DECODE ADDRESS DECODE ADDRESS DECQDE <
S : and and and
LATCH ENABLE LATCH ENABLE LATCH ENABLE
. h . A A
‘ v, ) L 1 ) _ . -
‘ADDRESS  BUS > A
\ ' - .
) Fig. 5. Memory,Mapped Random Access Slide Projectors ,
-~ '
* B -
“ \ . \ \ \e - \
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trated schematically in Fig. 5. When using’ this
approach to projector control, the BASIC state-
ment POKE X, Y could be used to request that
slide Y be displayed on the -projector whose
address is X. Memory mapping of projectors onto
unused ROM addresses could thys be used tg pro-
vide sufficient expansion capability to support any
reasonable nufmber of slide projectors. * '

5. Applications of the Interface .

-

Many situations arise wherein it is#necessary to -

gain random access to graphic data or visual
images. For example, in many areas_of experi-
mental psychology subjects are confronted with

- randomly selected pictorial data and their respon-

ses then recorded. Similarly, in applications of,
computer assisted instruction (CAI) a student or,

, trainee is'presenteuth a visual image selected

from a data bank {6] and is then asked to respond
in some way. Based upon the results obtained by
analysing the student’s response, further imdges

are then selected for presentation. Multi-media
information retrieval

and automated display
systems are two further examples . of situations that
require random access to images. Some of these
applications are discussed in more detail below.

5.1. Multi-Media CAI Systems
. N 3 |

Suppose someone is to be trained in the use of
microelectronics. Typically, under computer con-
trol a slide projector might be used to show the
trainee some stides containing pictures of elec-
tronic componénts and circuit diagrams in which
these are used. Subsequently, the computer would
attempt to assess the trainee’s understanding of the
material by requestmg the answer to a multiple
choice question that it dlsplays on its VDU screen.
Assume that this has six Single valued response
options - say A, B, C, D, E and F. Once the
student has responded to the question the com-
puter may be required to executé the following
type of decision logic: .

v

If reply is A then show slide N;

If reply is E or C or B then show slide K;

v

P.G. Barker / Computer Control of @ Random Access Slide Projector 267

If reply is D or F then show slide. P;
If HELP requested then go to HELPER;
Go to INVALID-REPLY routine.
.Q‘E*

Obviously, to implement this kind of image
prese‘n—;@ition strategy in an effective way a random
access slide projector is a necessary pre-requisite.

A miylti-media CAI system has been designed
and constructed. A description of this system has
been given elsewhere [6, 7). Instructional material
is presemed to Students via three interaction chan-
nels -'graphlc 1mages displayed on a slide projec-

tor, audio matenal presented on a tape recorder

and textual messages displayed on the CRT screen
of a microcamputer These three main channels

- are supported by auxiliary ones based upon the use

of conventional resources - a guidebook, printed
notes, circuit diagrams, patch boards and SO on.

In order to evaluate the capability of the system’

as a teaching aid at least two performance metrics

need to be estimated. In [7], acceptability and
_ effectiveness were ‘choosen as the two important

criteria. Acceptability refers to a host of different
ergonomic, pedagogic and procedural fattors that
need to be analysed in conjunction with those who

-'use the system - both authors (that is; teachers and

instructors who prepare the instructional material)
and learners (students and. trainees whe use the
stored teaching material). The effectiveness metric
is-used to describe the utility of the system as a
learning medium in relation to cost, time and
effort. The important consideration here is
whether the system imparts knowledge to the user.
In other words, is the.student more knowledgeable
as a result of interaction with the teaching system?
As pre-testing and post-testing are commonly used
techniques for evaluating instructio,'nal schema and
pedagogical strategives it was felt imporfanf to
apply these methods to the evaluation of the multi-
media instructional system outlined above. Further
details on acceptability assessment of the*system
have been described by Yeates [7). The remaining
part of this case study briefly describes the#nethod
of using the random access slide projecfor and
microcomputer to implement the pre-test and post-
test used to assess the effectiveness 'of the CAI
system.

The multi- medla CAl machme used for mstruc—

F 4
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N

taining to some Universe of Discourse (UoD) that
is to be presented to the student or trainee. Prior to
any interaction with the teaching- system the
student is subject to a pre-test that is designed to

assess his/her initial knowledge of the UoD. After’
“interaction with the CAI system the_student is

asked to participate in a post-test.in order to deter-
mine if his/her knowledge of the UoD has signifi-

“cantly increased. The experiments were conducted

in the following way. A carousel of 80 slides was
prepared. Each of the slides” was related to the
material contained in the courseware resident. i

the CAl machine. Appropriate human- mth

dialogue programs were written to support these
slides. A student could thus e shown a picture (in
the form of a slide) and then asked a question(s) on

the contents of the picture (via the CRT screen of

the computer). The student is able to respond to
the multiple choi;:; question by means of conven-
tional keyboard interaction, a light pen or apres-
sure sensitive keypad system . (8]. All the CRT
screen frames for the computer testing and the
student response data are stored in a suitably
designed data base system implemented on a

“flexible disk store facility.

The procedural strategy for the testing'operé-

tions was as follows. A student would register at’

the computer keyboard and then be presented with
a randomly selected sequence of 20 pictures and
accompanying questions. The student’s responses
to the questions are recorded in the data base _
system. On completion of the pre-test the studem
proceeds to the CAl system where instruction takes
place. Subsequently, the student sits#post-test in a
similar manner to that described for the pre-test
phase.of the' experiments. Having completed this,
the results of each test are statistically compared in
order to see if there is any sngmflcanl increase in
performance. . .

5.2. Implememmg Automauc Sllde Display Sys-

tems

“An automatic slide dispéy system is one which
‘permits any given sequence of slides (S;, S,, S;...)

to be presented repetitively (say, N .times). The

system is described as automatic since once it has

P

/

tion is equipped with a set of courseware units per-

beén programmed and activated there'is no further
need for ady human intervention. During the

‘presentation slides in the sequence may each be

projected for a fixed length of time. Alternatively,
the times for which particular slides are displayed
may be individually specified.. -

Ta(ble 2 shows a BASIC’ comrol program that
enables this type of: automatpd display system to be
set-up. It runs on a Comnmadore PET microcom-
puter. When it is invoked the program requests its
user to enter the number of repeats (R1), the num-
ber of images (S1) to be shown and the default dis-
play duratign (D1). Once this data has been
entered the user can specify the order in which
slides are. to be presented and~the duration for
which each is.to be shown - if this does not corres-

pand to the dgfault value. This system (Com- "

modore PET%n\d Kodak S-RA2000 projector) has
been used for a variety of automated demonstra-
tions and advertising appliCﬂ[iO{]S. q

T-R]eZ

Program for Automatic slide projection

100 DIM T(80), S(80)

110 POKE 59459,255

120 PRINT "JIAUTOMATED SLIDE PROJECTION"

130 PR]NTI ...?.I...I...I.............

140 INPUT "llHOW MANY REPEATS”; R1

150 INPUT "lIHOW MANY IMAGES"; 31

160 INPUT "|DEFAULT DURATION': D1 r
170 FOR 1=1TO 80 : T(l) = D1 : NEXT )

180 PRINT “IDO YOU WISH TO SPECIFY THE ORDER"

190 PRINT "IN WHICH SLIDES ARE PRESENTED?"
200 PRINT "] =+~ ANSWER Y OR N

210 GET A$ : IF A$ =" " THEN 210

220 IF A$="Y" OR A$ = "N THEN 240 - ’

230 GOTO 210

240 IF A$ ="Y" THEN GOTO 270

250 F9R|=1TOSI:S(I)=I:NEXTI

260 GOTO 350

270 PRINT “/lENTER‘THE SLIDE NUMBERS IN THE"

280 PRINT “SEQUENCE YOU WISH THEM TO BE DIS-
PLAYED"

290 FORI1=1TO $1

300 PRINT “l—s—IMAGE"; I; "T"

310 INPUT WILL BE SLIDE"; S())
320 POKE 33637,32 : POKE 33638,32

330 PRINT “1";

34D | NEXT | v
350 “OIAUTOMATED SLIDE PROJECTION"
360 PR'NT R Y YN RN NS RN YN Y NN Y N

370 PRINT %l —+~+HOW MANY SLIDES D& NOT HAVE THE"
N N -

3

-
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5.2. Implementmg Graphlc Interfaces 10 Informrz-
tion Systems

Another area in which the random access slide pro- -

jector has been utilised is in the design and imple:
mentation of pictorial interfaces to information
retrieval systems. Very oft/en, when .a user of'a
computer system “wishes to retrieve information
from a data base he/she often knows what 'is

wanted but is unable to express this requrrement m_

/ -
-t
TR

Lt

a highly specific view of one. of its sub-com-
ponents. This principle and methadology can be
used to significant advantage in the design of pic-
torial interfaces for information retrieval in a wide
variety of contexts including computer assisted
instruction. The principle is illustrated con-
ceptually in Fig. 6. C

4
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380 INPUT “—DEFAULT DISP Y TIME"; N “words’ or ‘numbers’. i-lowever, if the user i$ pre-
380 IFN =0 THEN GOTO 500 ~sented with a sequence of pictures that describe the
:?g zg:m il‘"ENTER, THE_DET 'Ls BE{OW 2 UoD covered by the data base bemg interrogated
420 FOR1=1TON ) ' Ihen it is possrble (through an approprrate refrnxe-
430 INPUT ' ~+=+IMAGE NUMBER:": K1 . ment dialogue) to retrieve-the sought after infor-
440 INPUT "—+-——DISPLAY TIME:"; K2 . | ’ .mation.by means of simple menu selection techni-
450 T(K1)=K2 s . . ques using a light pén, keyboard device or hand

+460 POKE 33230,32 : POKE 33231,32,, ' print terminal [9]. Graphic interfaces to informa-, .
470 POKE 33270,32 : POKE 33271,32 : POKE 33272,32 P
480 PRINT “11: “ tipn systems have been descrrbed by Senko [10].
490 NEXT1 ° ' # tonebraker, [I1] “and Others [12, 13]. Unfor-
500 REM NOW CONVERT TIMES TO JIFFIES tunatdy, each of these implementations requires
510 REM AND GHECK FOR INVALID SLIDE.NUMBERS the use of expensive interactive’ graphlcs equip-

_ gg ;?nn_' :“" Te(()) §1° 5, ) &n ‘ment. The microcomputer/slide projecfgr techni-
640 (F S(l) < 0 OR S(I) >80 THEN 760 .que, in contrast, offers a less expensive alternatrve_
550 NEXT | . that is useful in many situations that. do not require '
560 REM NOW COMMENCE OPERATION * full interactive grahics Capablllty or sophisticated
570 PRINT “(JlEXECUTION BEGINS" amQatron techmqués The remaining par;,of this
g igz 'J==‘1TT%RS11 paper describes the principle undeﬁymg graphrcv
600 GOSUB 670 : REM GET PICTURE interfaces and how they:may berlmplemented,ﬂa
610 GOSUB 720 : REM INVOKE TIMER © multi-media” human-machine intetaction techni-
620 NEXT J - o, . ques. - ' -

630 NEXTI ‘ The structured t6p-down’_analytic decomposi-
2452 ':;NTO ?J?ls&lasgzor|orq TERMINATED" N tion of an entity into its component barts is an
660 STOP often used technique -bﬁometrmes referred to in
670 REM ***RETRI VE SLIDE dynamic situations as ‘hommg in’. It is a well
680 NS sy " established method ofbroceedmg in gradual steps
690 P =INTINS/10) < INTINS/10)*10 from a general vre;-?@object to ahighly magni-
;?g :g:jnsz‘m"’ fied view of a sp cifioa part of that object. For.
720 REM ***TIMER ROUTINE example, in an anatomy lecture thé student might
730 K=TI - _be presented with a slide showing a general view.of
740 IF.TI< K +T(J) THEN 740 " the human body followed by a close-up of the
750 RETURN ‘ "head. This, in turn; may be followed by a-slide
760 REM *** ERROR REPORT AND ABORT - showing a section of the human eye and then
770 PRINT “C1111***INVALID SLIDE NUMBER SPECIFIED .. . . :
780 PRINT “***EXECUTION NOT.POSSIBLE" another depicting the detail of the optic nerve.

790 PRINT “***RUN ABORTED" Thus, in a series of four slides the student is taken
800 STOP S from a very~general view of the human anatomy to

This dragram shows several stepwrse refinement

stages in an information retrieval dialogue. The
rectangle on the left of each ‘et of dragrams
represents the screen used for t "' presentatron of
images produced by the slide projector while that

10
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~ Fig. 6. Multi-Channel Stepwise‘Refinemerlt.

“on the right depicts the eOPresponding appearénce

of the text displayed on the CRT screen of the

face (or-data base contents) in terms of the sub-
pictures (or scenes) A through G of one

. Selectiqn
of these sub-pictures (concept refim may be

(called AIDE - Automated Instruction’ Direction’

‘computer terminal or micro- computer. The top- .~
“most level represents the overall scope of the inter-

_ system to. bé tested and evalua

made either,via light pen interaction with the dom- .

puter screen or by means of some form of keypad
or hand print terminal. The diagram shows selec=

tion of sub- plcture F. A more detailed view of this -

componerit is now presented 'in terms of its sub-
components (F1 through F7). Further Hﬁeractlon
and selection may then take place until the
requxred information bﬁng nodes of, the hier-,
archical access path are encountered. These are
shown as rectangles in the tree structure diagram

presented in Flg. 7. Unfortunately, the storage. .

-capability of the slide projector used in this

example seriously limjts the, complexity of the
access tree (breadth agfd depthy smce only: 80 nodes
are avallable Howe er, this restlctlon could easily

be imoved by em.plo»ymg extra projectors -

<

according to the method.descr_ibed.in_Sectlo’n 4.

. - . . . , . . \ - T °
L . . : N o .. .
270 . ; P.G. Rarker 1 Computer Control of a Random-Access Slide Rrojectorf - . .
\ . ; Ca
, N VG
- " — i 3
: . J . . - % -
) Projector Screen . rCr.a:nput,zr Screen - . STT . LN
- . Select next picture s ‘ ! . 4 ° »
A 8 ' oA
: . :e . [
D E Y 0 D\'\./ N
o C & e ° F
G
: F : b oG O e, ®) O o -
L . / J ! L ) X 3 2 ) & l-" G
. : . ~ - 24
r g ' Y
Seiect next pictur -
e |
or2 . *
073 e
OF4 O O * d (X Fa o e ®
OFs FI F2 F3 F5 . F6 F7 .
OF6 = - . ¢ :
, . oFa . / Ce
Select. component Fé * - .
“ ' X . .. . M [ 3 ) . : ' .
—~ — —~ . O 3 afFd b - oo - o .
[ < Seiect next zctore | Fal : Fa2 Fa4  Fa5_ Fa6
: Fu2 _oF4r - : B R
o Fa2 '
b ; L. O F43e ..
. O Fa4q ¢ i
X Fud o Fu3 o Fas - . /
’ F5 - ’ J . o 746 : v - L L > = - !
| 7 ) F43| F42 F433: F434 FA35
LI . - - -
T - Select component Fi3 -
- C . ‘ _ Fig.'7. Hierarchical Accesa Path.
o - Yete, etc. ' - :

- An_application of the principles outlined above -

has beén described by Towne [l4].' This §ystem

and Exercxse) has been used for trammg radar .

techmcxans It depends upon random acceSS to 125

images that are stored on 35 mm slides. The data -
N\
out 1000 images of

wid ly varying degrees -of detail, Future ,develop-.
afients of this system are directed towards in-. -

base thus contains only enough slides to enable the
. A more realistic
data base is likely to comtai

creasing the capacity of the data base and adding a-
colour microfiche capability to enable more com-.’

pact image storage. Similar 'rnilt),<medié1"informa-

tion retrieval systems based upon the use of slides, .
( {mcroﬁche and stored video images have been des-
r

ibed by Stabletron [5]. * J L
- 7 ) . . .
6. Conclysion SR '

A I

A simple interface to enable the interconnection of

-a random -access slide projector and microcompu-

_'35

ter has been’ described'. The -use of ‘the system to

‘support milti-channel human-computer communi- .

N
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cation has been outlined in the context of some
e\(amples chosen from computer assisted instruc-
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