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I INTRODUCTION

Although diagrams of all kinds may be constructed within a computer system
and output to some display device, it is becoming apparent that there is a
need to generate diagrams external to the aosecnmm and then to "read" the
diagrams into computer store ready for subsequent display. It is considered
in some disciplines that the careful preparation of a diagram on a sheet

of paper is to be preferred to a man machine interaction using some form
of visual display and input equipment. For example an electronics engineer
may wish to place components to close tolerances, and this is more easily
done with a well defined measured grid on a sheet of paper. Further, the
chemist wishes to input a rough diagram of a molecular structure to

achieve a precise drawing suitable for output to books or to computer data
bases. Other demands arise from the wish to input some special notation

and entities used in a process, such as musical representation.

2 THE OPTICAL MARK READER

Readers are available which are capable of recognising single marks on sheets
of paper in predetermined positions. The "OPSCAN" reader, the Longuines 7000
and the OBSTRAN are typical examples of such readers. Normally the devices
are used for coded data input resulting from questionnaires and management
control information, eg time sheets. Marks are made in defined regions of the

sheet to indicate information of a particular kind either numerical or text.



| @an3ty

SUUND 0L UEM NOA YIEU ALK AJSIOIULIOS 43v 13 HXOQ IUBIEIE OVUI LNLIBAG 10U OO

e SNYL HOROH S161IG0IGR BUL NI PUE 13U NI 3108 @ 85

%004

*ooL

3 s 05 = 953 S 3 H R
el B 522 : . 72 1
© < 10 18) e £99 o " Za <

22 * ; )
4 S > o N = 6532 3 I 4 =
e s 3 c o w = 2F p ‘R <
soen BEE g
[=] -
8323 REEEE mcz
RER ] 2= 2XRC
o 3 I @ s 00N o= “ZEp» ~ - N = Sp=
ot W N N MR V25~ » c2s
® @ N @ & L N = mAe < > » - oB R
TEEEE k- Rafs 243
v e s e uw s g N p 3 ¥ o ~E
e ol ol S 2 l m%o
g ¢ i e = - W L
: g 3 g
S e e Enid
R e e e e £z = AT R a0
frrrrrrr ey FRiiiiiiiil |ases
- ' L ag
3 A = e e e e e A N o2 .
SE§sz3z3z888s3 D IEER T rgs?
o . i b s Wk = = 2
T TR e e c "
qu.................... = < M I e
g293852: ke
e R e 20233204 230
cry PR R o £ g2 dzn8* R
0= 4 A Pal
$Ess3353:8xs3% R §73
- - = % Q T m
4 g o ) "[a€|g=9§ g8
‘{............... 25z7 29
<]
2€7
w
.
.
.
.
.
.
.
. . .
. . .
. . .
. . .
. . .
. . -
. . .
. . i
. .
. .
= . .
B . .
2 . .
= . .
o . .
. .
N - .
. .
. .
. .
. .
.
.
.
.

JAID3ISVId |D

L-v

D I R P P S Y

*(1 811) pojutad pue pazedead

1qepeai

T0d @

ns a.r;euuo‘psanb ' sju

9q Aew uorjedorTdde Aue 103 °1qe3

*pexamsue a2q o3 uorisanb yoes

30 ysaw ay3 jo Buroeds piepuels syl UIATH

13sonb paaedaad snyg

§a1TePUUO

103 umoys suorildo TIe Y3t pajurad aq Kem

*399ys 9y3 uo Burjurad a2ATIVS[Fei-uOU Jo punoidyoeq e Isurede weeq Y311

*I1Touad paseq UOQIED WOIF IOURIDD[IoI

® Aq pesTu8ood1 aie s)IBW [IOUDJ

Toutad ayj

T pesn a1d

Surstudooaax u

3YST] [BTIUSISIITP JO IBYI ST ,Syiew,

‘(G 314 995) Lem paepue3s

*(ut bs sjurod gg xoxadde)

9yl ur papod aq Aew 399ys e uo weiferp poiedaad B woiy uoIIEPWIOIUT

wei8eTp 9yl jo ,2In3oId, UOTIINTOSII MO B SUTUIFOpP Se popiedai aq Aew

‘posn Ajuoumod usaq @aey jndur (eorydeid jo smiog o1dutg

po30919s JdUTS

1p Jo @sodand ay3 ixog

30 (z 814) ysaw 9yl 3Indur dSrjeumeiSe

Iqe1TeAR

sjutod 3



€ oandTg

PR i S Mt P o D SO P o I J S O T S YA M T I i T RN o 3 O B R e S I ]

% 2an3tg

.
.
.

s e $iee Gaie w &ee 8w

~ o
= [}
i
0 =
»
w e
- o
. =
o
»
w
(1]
o
i
=2
=l
©
=]
w
1]
=4
[
o
=
ot
©»
[
8
E
He
=]
o
=
Q
e
—
o
ot
o
e
2]
<
e
«
Re
o'
-
®
(nd
o
[nJ
=
o©
I
®
o
o
]
e
-~
five e
o .
&
&

(=)
H
o
a
[
B
=
3
o
<
o
B
5]
(nd
w
2
o
3
&)
2
o
o
=
e
rT
=
)
(2]
)
=
o
<}
3
o
o
«w
®
%
-
o
3
(2]
e
-

[
(=%
8
g
He
=)
o
=]
3
<
g
£
©
<
@
i
o
o
=)
[a]
o
o
o
"
1]
(a9
[~
17
He
=]
lu]
o
o
=3
™
a}
o
=
1]
=
0
©
&)
o
=]
=]
-8
15
@
(13
=%
°
®
=]
]
e
-
[

[
N
®
ot
e}
=

pue

A 9] TINIDA0

y uaym Aquo pue ‘suad yons Y3l

ST @



*sweadetp

G oandig

(CY)

pUB UOTJRUWIOJUT PaPOd JO UOTIBUTqUOD & 10 oTdwrs aq Aew swealdeIp 2yj

1

*sagewr 1981e

3)

1e0S 1933e ‘porquesse pue jndur aq Kew SUOTIVIS qns [[BUS

1 ‘Bur

oju

BATCH
TYPE:.

Aouring oo
conmicrion .

Awinomint ¢

~ ~ ~ ~ w
h () B » e
- N s -
'

g

]

o

I}

He

w

e

*£3TTIqETTR2

*s309fqo pajeIdOSSE JO

sumop pafeds K[jusnbasqns pue
*a3eaado o3 ardwrs ST °01A9p Yy (P)

podaefua Indur aq Kew uorjeor(dde 2397dwoo ' ul pasn sjoquis [erdadg
Y31y seansus snyi pue 3jonpoid TBIOISWWOD PAPPUEIS B JO Ipew ST IS (?)

1d 103 sa3BUTPIOOD ysaw 3yl Sursn Lq pasdIYoE 9q Lew UO

*p1oo91 jusuewrdad e sapraoxd

ANDINHOAL FHLI A0 SMINIVAL NIVW

*jur peseq iojem Jursn L317ToeF ped yoiag

¢juomdinbe Burindwoo woxy Aeme paiedsad zaded jo si@ays eIA Indul

y3 jo awos suorjedr(dde jo

+anoy zad paisjus sweiSelp JO Iaqunu [[BWS dYl I0J IDTIINS [[IA

(seurn8uo] 89) saepeex Tenuew oTduis Lida d

Jaqunu B Ul pue ‘ooueliodwul ou Jo ST 9anjeaJ i933e] SIYl Indul OTIeumeiSeIp

®)
(€]
(®)

*moTS AToATIB]91 91 S9SBO 2WOS UT 3Inq pajeiado A]Ised aie ‘swalshs
*OATIOV]JOL ~ SYIBW PIseq uoqied ayl £q umoys ndul pairnbai syl
9ATIDD]JO1 UOU - MUTI Paseq I9JBM UT SHIeW Payo3ays ay3
9ATI09[J91 uOU - 333Ys 3yl JOo Jewxoj pajurad ay3

193ndwod 3sOY 03 STRUTWIAI] PIABPUE]S SB PIdEFIIIUT aq UBD YD TYM SIapear ay]

3
5 g
oQ L]
UHSM. BCSC/18.2.73
CLINICAL ExAM'NAT‘DN UNIVERSITY HOSPITAL OF SOUTH MANCHESTER
BREAST SCREENING CLINIC T
INSPECTION Right | Left PALPATION
[P ik | S ey . e mp || [l eane s |00
o o d No No e T
8B e 5 & I 1 el ] ]
No hg No
& i B ox0%0 ox0%0
No No AN
E'; 5 £33 ?;l Eixix) 1x)ix) l“'l Ixix) IXIFIixIxIxIxI¥ixiy
wcenanion__ Dol BT R & k2x2x2 e2x2{ L | erx2 7x2%1x21x2x2x24 277
Peaw o oAt - ] oo iomnme 2 N & eax3y | exay 5 €3x33 FI$Ix33Ix1xdxIx33 3239
- G caxd caxad £ | cama Axa¥axaxaxazadoed
3 facd &9 esxsy esxsy 2 CSx5d ESESMSEIXIXIXIEIFIES
No - Mo €
f'; N: i} coxe toxo: =3 coxé btxb¥oxoxoxox ot oxoy
A';: o €A LEE | 7x7 TIx7 IXIXIXIEIXTXTFT7XTY
& ] & cox8y | cexs 8x8 ex830x0x0x6xB56x8
& & - 9% €9x9 9x9 PxX9$9XPXIXIXSEIXIY
No No
s %= | symproms
=) &8 ASYMPTOMATIC  «
o) &5
o SYMPTOMATIC 3
Dy DURATION IN WEEKS
No
-8 r LUMP LUMPINESS MASTODYNIA
feaEiE e e Tl ‘ Right Lett RAight Left Right Left
H
| OTHER! | e ] S ES 1
LYMPH NODES Ixixitixixi] fixizidiEixd pixixiFixixy
2x27x2%21x2x2 I1x2x232x2x29q F 1x2x2%2x2x2.
NONE | MOBILE | FIXED IxIxIFIxIXD IXIXIFIXIXD: IXIXIFIXNIXD.
Right Latt |Right Lafe | Aight Left | Yook bun - cus axaxataxaxe axaxayaxaxad paxaxagoxaxda
PUTTT - © o, @, e SxSxSFSwIxS] FSmSXIFsxsASA FIESESESESXS
SUPMACLAVICULAR . & 3 :-: :—_:: © = T = = 6X6X 636X 0X6 6x 6% 63
e e o= e rxrx747x7x7{ frxrxr4rxrxrd krxrxriraiEs
2io oo = 8
ox9 x9x IxIXIEIXIXY
ENLARGED LIVER You e LOCAL PAIN Fiefy OTHER
- ot P | [Lousflnge | [ 0ER, | [ e
LR | g] | o Sya
EVEL: ) 0x0x0y cuean
e = IxixiFixixi] Fixizidixixid pixixidixiziy
DIAGNOSIS aignt, Lot | CONCLUSION Right | Late 2x2x742x2x2] fax2x232x2x24 frxax2fax2x2
HoAmAL IXIXIFIXIXD Ix3x) lx!x)l IxIxIFINIXD
x4 Axdxatizaxds axa 4
SxSx5FSxIxS] FIxSxSFIXSxIA ESXSXSF Sx5x 33
sxe ho
7x7x7§7%x7%x74 frxrx7¥7x7%74 frx7x7$7%7%274
CARCINOMA CLINICAL STAGE st i B et e
91 poxoxooxoxs
NeoCd me-c SR s e Y e AT AT
v Momm wMeecS [ sPECIFY '
Oy . Moo e o NAOTHERIS s o S5 hin L e < H
= i W S - s i} -

STOA9] 991yl 1B DPAISDPTISUOD 3q 9103219yl ABW UCTIBWIOIUT Y]



4. APPLICATIONS

4.1.1 VL81 - Layout of nmﬂocmnmA_v
In the production of very large integrated systems (VLSI) there is a
need to prepare accurate layout diagrams of parts of the system,
showing the different layers of the circuit in contrasting shades or
colours. If these layouts are prepared for input on "marked" sheets

to the computer they may be re-assembled for subsequent display and

collation in a larger overall system.

The "OPSCAN" reader has been used in preparing such layouts and the

results of some early experiments are to be discussed.

Each "layer" of the circuit is prepared on a separate sheet which may

contain a reference number. The required "diagram" may be drawn first

in water based ink to achieve accurate placing of the elements of the

diagram (Fig 6).

D I A N R
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LSRR RO RO A IR IR SRR R R e G R g

Figure 6



Any mistakes made may be merely crossed through and the correct lines The sheet may contain annotated text in water based ink which are
inserted. Finally the correct version is outlined in carbon pencil not regarded as part of the compter input (Fig 8).

which itself can be erased if it proves necessary (Fig 7).
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Figure 8

Figure 7
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Bach "layer" can therefore be prepared, independently of any computer It should be noted that in the experiment individual mesh positions have

% o e . ag s . 3
system and, possibly by different people. to be marked separately in the y direction but continucus lines may be

drawn by carbon pencil in the x direction; for more recent "readers" this

The scale of the drawing may be chosen at will such that each "mesh" constraint no longer holds.

interval in the x and y directions may be given some nominal value.

Large systems may thus be drawn on a large scale, and subsequently

scaled for display and final use (Fig 9). 4.1.2 For a single line shift register (1 p.145) four layers of the

circuit (Fig 10) were prepared (Figs 11-14) which represent the

implant, polysilicon, diffusion and metal layers.

" Figure 10a. Check Plot of the SRCELL
[Dimensicas in lambda. Implant layer not shown|
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Figure 10b. Check Plot of Stipple Codes
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DIFFUSION LAYER
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4.3.2 The upper stave is treated as the treble stave and the lower as

the bass stave in the conventional manner.

The required Clef is indicated by showing the position on the

appropriate line, eg the "g" line for treble clef, and no other marks

in the coded area.

The Key mmmﬂmncnm is coded by placing the sharp #, or flat V on the

appropriate line or space in sequence to indicate different keys.

The Time signature is shown by a repeated sequence of marks in the

" row eg u\

"value 4 is shown as three (3) consecutive marks in the
row corresponding to "crotchets" o . No marks are necessary on the

stave.

Bar lines are indicated by marking all positions in the stave with no

other coded marks.

Rests equivalent to the sub set of notes may be shown as coded "R"

with the appropriate value, eg a quaver rest is marked "R" and in the

"

same column the value "quaver" &' is also marked.

Phrases - provision has been made for the starting points and finishing

points of the phrase by marking in the appropriate row, SP or FP, in

additon to any other marks in the same column.

Repeat marks are shown by marking both SP and FP in the same column.

=

Chords are shown by using adjacent columns of the coded area for

values and decorations of notes of a chord ordered from the first

leger line upwards, ie from "c" in treble clef through "d" to the

upper "'g".

trrereseecs s ropyeVodeye§

Figure 19

Figure 19 gives an example of a complete input showing the preparation
of the proper musical notation in water based ink and the over marking

in carbon based pencil together with the marking of the coded area.
The notes may be placed freely on the stave and it is only required
to ensure that values and decorations are coded correctly for the

given note.

lNMl




4.3.3 The special symbols for clef, notes, rests, pauses, sharps, flat,
4.3.4 The information from Figure 19 has been reproduced on a graphics
natural can also be input via the optical mark reader. Each symbol

display and the hard copy output is shown in Figure 21.

may be drawn oversize on the mark sheet and then reduced for subsequent

display within the computer system.

Figure 21
o In producing the graphical output it is clear that this is only one e
form of output and we could have as easily produced sound; the coded "

file of information resulting from the optical mark input is available

for treating in a number of different ways. For example it would be
Figure 20 shows an example in which the "semi quaver rest" is drawn possible to examine different versions of the same exercise by
to occupy the full sheet and a minimum number of marks included so that students by scanning and comparing the different files.
a good definition can be obtained without redundant drawing being

incurred on the display equipment.



CONCLUSIONS

The first two examples which gave impetus to this work are the result of

the Division's interest in two topics; one in the development of software

for microelectronics supported by the Engineering Board, and the other,

the work being done for the Science Board's support for crystallographic

data bases. The third example shows one of the many possible extensions

to fields outside SRC's immediate interest. The technique has the merit

that it uses standard commercial equipment which is already interfaced to
computer systems. The "binary" input can be easily manipulated and there

is economy of effort in some examples, eg chemical mnncmncnmm. where simple
marks are sufficient to denote complex symbols. The drawings may be prepared
away from the computing equipment required for display and a permanent record

of input is held.
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