DESIGN AND CONSTRUCTION OF AN OPAQUE OPTICAL CONTOUR

TRACER FOR CHARACTER RECOGNITION RESEARCH
by

GEORGE MARSHALL AUSTIN

B.A.Sc., University of British Columbia, 1964

A THESIS SUBMITTED IN PARTIAL FULFIIMENT OF
THE REQUIREMENTS FOR THE DEGREE OF

MASTER OF APPLIED SCIENCE

in the Department of

Electrical Engineering

We accept this thesis as conforming to the
standards required from candidates for the

degree of Master of Applied Science

Members of the Department
of Electrical Engineering

THE UNIVERSITY OF BRITISH COLUMBIA

December, 1967



In presenting this thesis in partial fulfilment of the requirements for an
advanced degree at the University of British Columbia, | agree that the
Library shall make it free]y available for reference and study. | further
agree that permission for extensive copying of this thesis for scholarly
purposes may be granted by the Head of my Department or by his represen-
tatives, |t is understood that copying or publication of this thésis for

financial gain shall not be allowed without my written permission,

- . .
Department of Mws

The University of British Columbia
Vancouver 8, Canada

3y

D;te IOM ) /96F




 ABSTRACT

This thesls describes the design and instrumentation of
an opaque contour-tracing scanner for studies in optical
character reccgnition (OCR).

Most previous OCR machines have attempted to recognize
characters by mask matching, a technique which requires a'large
and expensive computer, and which is sensitive to small changes
in type font. Contour tracing is a promising new approach to
OCR. 1In contour tracing, the outside of the character is followed,:
and the resultinglhorizcntal and vertical co—crdinates; X(t) and
- Y(t), of the scanning spot are processed for recognition.
Although much additional research is required on both scanner
design and prccessihg algorithms, it‘is eXpected that an 6CR
device which uses a contour-tracing scanner will be significantly
less expensive than existing multifont recogniticn machines.

In this thesis, four possible contour—tracing scanners
are proposed and evaluated on the. basis of cost,;complexitj
and availability of components. The design that was chosen for
construction used an X-Y oscilloscope ahd a photomultiplier as
a flyihg—spot scanner. In instrumenting:this'design, a digital-
toéanalogue converter, an upédown counter and many other epecial
purpcse logic circuits were designed and constructed.-

The scanner sﬁccessfﬁlly contcur traced Letraset
characters, typewritten characters and handprinted characters.
At the machines.maximum speed, a character 1s completely traced
in approximately 10'msec.. fhotographs of contour traces and .

the'X(t) and Y(t) waveforms are included in the thesis.

ii



Although the present system'wiii‘only trace two-édjaCént.
characteré, proposed modifications to'the system would enable
an entire line of gharadters to.belcoﬁtour—traced.

| Ihcluded in the thesis are recommendations for further

research on scanner design.
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DESIGN AND CONSTRUCTION OF AN OPAQUE OPTICAL GONTOUR TRACER FOR
CHARACTER RECOGNITION RESEARCH ’

I. INTRODUCTION

1.1 Purpose of Research

This thesis describes the design and construction of an
opfical scanner for research in machine recognition of type- .
writteh, handprinﬁed, apd handwritten characters. An OCR. system
is often considered to be a concatenation of the three subsystems

shown in Fig. 1-1. (1]

Statistics of Input
Character Set

.

Processor }—»

Input
Character

|Decision

Y

Scanner

Device

Fig. 1-1 Basic components of an OCR system.

The scanner trénsforms each character into electrical signals.
These signals are then processed to yield arsetAof.measuref
ments, The decision devicé uses these,meaéurements.and the
statistics of thé ihput character set to identify the chafacter._

- The probability of an . identification efror depends on thé set
. of allowable chéracters;,the statistics of the éhéracfer'set;

the way in which the charactérs are transformed into electrical



~signals, thé signal processing algorithm, and the decision
algorithm. - . H

An_OCR machine would have many uses, some.of which are:

1. A computer input'device - an OCR device which could
translate typeWritteﬁ,’handprinted or.handwritten éharaéters
directly into machine 1anguage'would eliminate th;»;ime cdnSuming
and costly process of key-punching programs and data.

2. A transducer for data communication - a device whiéh
could convert printed characters directly into signals for
transﬁission to a distant point would be extremely useful..

3. A sensor for machines WHich sorf mail, packages, ahd
other objects in accordance with.identifyiné characters fall
into this category. | |

4., An input for machines wﬁich transforms characters
into ﬁon—visual stimuli - one §uch maéhiné is a reading machine

for the blind.
1.2 A Brief Review of Previous Work on OCR

Many attempts havé been made to build character readers.
Some of these attempts have beén partially successful, although
the readers are very expensivé. Most machines do not recognize
a letter or chafacter in a way that depends on the
characteristic shape oflthe letter. For this réason, they'
recognize only a few of the hundreds of différent type fonts.

The host common techhique is to make an opticél br
"electronic‘image of the unknown chafacter and chparé it with

either an optical or electronic mask of all oharacters in the
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machine's "vocabulary" [2,3] . The mask which most closely fits
the unknown character identifies the character. Usually the
masks are applied both positively and negatively, in order to
check both white and black areas. Optical mask matching is

illustrated in Fig. 1-2.

(@) Image Array (b) Comparison Mask (c) Recognition

Fig. 1-2 Optical mask matching.

In electronic mask matching, the letter is read into
computer memory using a flying-spot scanner, or an array of
photocells, or some other similar device. The mask matching
is done in memory rather than optically. Although the
electronic matching technique is much faster than the optical

scheme, the two methods are equivalent in principle and have




° Ll
similar efror probabilities. 1If the imege size, tﬁe type font,
of the orientation of the‘unkhown character is not almost
identica1 to the mask; then positivebidentification will not be
madef | |

A variatibn~on'mask matching,‘N~tuple matching; was used
by Liu and Shelton [MJ . Each N-tuple consists of five to nine
points in a prescribed spatial arrangement, and has a pre-
scribed assignment of black ahd whiﬁe states for eech point.
These N-tuples are shifted with respeCt to the input character
‘so that the N—tuplee are tested for a match in all discrete
positions on the character. It wes found that N-tuple matching
would be useful in a multifont machine only if mahy N-tuple
comparisons were made. As a result, a large, fast and
expensive computer would be required.
| Performance data on charactef recognition using contour
tracing 1is very scarce, but most encouraging [5,6] . To.
indicate the range of speed, cost and flexibility that existing
machines have, a set of pertial speeifications for some of the
commercially available optical readers obtained from [2] are
presented iﬁ Appendix I. The erfor.rates wefe given for only
'two_of the six machines, the Philco, aﬁd Sylvania machines}
Philco and Sylvanie machiﬁes both claim an error rafe of .Ol%,
As can be seen from Appendix I, these machines are very

expensive.



1.3 Printing Noise

Printing QOise occursvwhen‘a cﬁaracter is not always
Writfen or printed in exactly the same way . The most commoh
kinds of printing nQiSe afe listed beiow. | |

1. Variations in character style - The exact appearénce
of each printed character depends upon the type font. For this
reason, multifont recognition machines should recognize
characters from their 6verall general shape.

2. Type siZé variations - General purpose OCR machines
-must not be sensitive to charactér size variations. -

3. . Chafacter orientation faults - Vafiatiohs in
orientation occur occasionally when aﬁcharacter is‘printed with
a tilt from the vertical.

by, Character registfation faults ; Occasionally
characters appear slightly above or below the printing line.

5. Character spacing faults-— Some OCR devices depend
on regular character spacing for correct recognition.

Orientation, registration, spacing faults cause incorrect
positioning and make machine fecognition difficult.

6. Tpuching characters - Touching characters are
troublesome for OCR machines wﬁich require the individual
charactefs to be separated for individual recognition.

7;' Broken characters - Broken characters are troublesome
for most OCR machines, especially those,empioying'contour
tracing.

8. Salt and Pepper Noise - Salt and pepper noise is
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caused.by a lack of ink when printing. The character produced
1s not completely black, but is mdttied black and white. Thus,
indistinct boundaries result.

9. Ink,run - Ink run occurs when too much ink is used in
nrinting. Ink run.altersithe shape of the character contour. H

The most common causes of printing noise are variatiens in
letter style and eize. The next most comﬁon causes are |
4regi5tration and'orientation errore; these faults oceur mainly
in newspaper text.v Character spacingbinvsome type fonts is
proportional to letter'width. All other sources oprrinting
noise ocecur very rarely.

The above kinds of noise are also present in handprinted
characters and handwritten words. Reliable statistics on
relative occurrences of the various kinds of noise are not
available. Previous attempts to recognize handwriting is dis-
cussed in [7,8] . Techniques for recognition of handprinted

numerals are discussed in [l] .
1.4 The Contour-Tracing Method of OCR

The limitations and hiéh cost of exieting character
recognition techniques motivated the search for new ones.
Recently,vClemens [5]:proposed a'contour—traeing scheme in which
- the unknown character is recognized by the shape of its outside
contour: .Avlittle work with a pencil and paper-shons‘that if
"any whitebareas of a typewritten Character completely -enclosed
by black are.blackened, the:letter is still reeognizab1e~from

the exterior contour which remains. This statement applies
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to well-formed handprinted charactefs, and to haﬁdwritten words
made by ¢ good writer. Clemens tested his idea by using a

flying spot scanner to make a sth of light follow the black/
‘white interrace éround the outside of the typewrittén'chéracters.
The tface started at the éxtreme ieft point on the letter and
then proceeded in a clbckwise direction afound ﬁhe outside of the
lgtter, This contour trace yieldéd the time functions X(t) and
Y(t), the hofizontal and verticai co-ordinates of the scanning
spot (see Fig. 1-3). The origin of the co-ordinate systém is

the starting point of the trace.

Y

Direction of
trace

7
.

Start position

Fig. 1-3 An illustration of contour tracing.

Prominent 1§cal extrema in the X(t) and Y(t) functiohs
result from sudden changes in contour curvature. The locations
in X;Y space of these extrema are @sed to recognizé the ietfers.
Fig. 1-U4 shows that joining the X and Y extrema by straight
lines in thé order in which ﬁhelextréma'occur yields a lefter'

which is still recognizable. It appears that the location of



prominent extrema provides sufficient information for

\

.recognition.

A
y

Fig. 1-4 Extrema on the contour trace.

Quantization of X(t) and Y(t), ink run, fuzzy edges and
Variations in type style cause spurious local eXtrémé to éppeaf
along with'thé prominent extrema in X(t) and Y(t). Spurious
local extrema in X(t) which result from type font variations |
rarély exceed W/LU, where W is the letter's width. Spurious
local extrema in Y(t) resulting from-type font variations

‘rarely exceed H/L, whereaH is the letter's height; Prominent
extrema nearly always exceed W/U4 and H/L. Cleﬁens showed that
spurious extrema could often be removed by hysteresis Smoothing.
A simple hysteresis smoothing circuit and smoothed output is
shownvin Fig. 1-5. The voltage E is approximately W/L, and is
differenﬁ for each character traced. For this reason; the

- character must be traced tﬁice, the first time to measure the
height and width, thé second time to record the extremg of the .

smoothed X(t) and Y(t) functions.



O -0
E 5 ‘ ~
+ MI- D‘ LT
' - gip— X' (t)
X(t) ’ c
0, O
A X e,
X(t) ,
X' (t) .’
/ L EhaN —\ l, /
/ //
/1/ // \\\ \ - ’l/ /
// / “\ \\_ ~ \\;.-——:- -_ I/
//’ / . \\ ‘—_ ’/I
+E ‘F‘l/ / \‘\ » I,-\\\ /,',
/ S
I/ Do t
/
-E /

Fig. 1-5 Hysteresis smoothing.

Contour tracing with hysteresis smoothing can be made tb
minimize the effect of variations in charaéter style and size.
The effects of character size variations are removed by
'measuring the height and width. Spacing ahd registrafion errors
are eliminaﬁed, since each gharaéter is located by a search scan.
Cleméns found thét the contourvtragithmethod of OCR is not

sensitive to small character orientation faults. "Touching-
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1étters can be contour traced znd recognized as'one character.
Broken letters, however, aré still troublesome. Fortunately,
touching 1et£ers:and broken letters occur very rarely.

Clemens' system reéorded the extrema of the smoothed trace
in the order in which they occurred in tracing aréund the letter. 
A little.thought shows that there wi;l always be two choices for
a future extremum. Thus it was natural to usé a binary number
system to recqrd the sequence of extrema. A digital one was
recorded for each X extremum and a digital iero for each Y
extremum. The resulting bihafy number was called the codeword.
To indicate the locations of the vafiﬁus extrema, each character
was divided up into four quadrants labelled 00; 01, 10 and 11.
Each time an extremum was found, the quadrant in which the
extremum occurred was recorded. The resulting number was called
the co-ord word (co-ordinate word); An example of how the code

and co-ord word are formed is given in Fig. 1-6.

W/l ) | -
0T - T :
/ﬂ[////ﬂ~\\\\ Ymax , :
/ Code word 1 0 1 1 0 0 1 0
— ' Xmax Co-ord word 00 11 11 00 10 10 10 00
Ymin | |
h o
| H/U
; SYmax
T

Fig. 1-6 Code and co-ord word formation,
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Clemens used the codeword; the co—ofd wofd énd the height
to width ratio, along with the table 1§ok5up facilities of a.
computer to recognize type-set letters. 1In testing his |
techniques,‘he'scahned a transparenzy of a page of Time magazine,
stored the points in a_computer and simulated his contour trace.
Over 3300 dharécterslwere encountered. The‘0verall_error fate |
was approximately 3%, including letters, and punctuationvmarks
from both titles and text. It was predicted that had the
facility for detecting ascenderé and deéenders been incorporated,
the érror_réte would be approximately 1%. .It was found that
‘broken letters would be the only.source of printing noise that
"could not be easily overcomé. Some of the confusions made by
' the machine were amongvletters most easily confused by eye. For
eiample, ¢ and e were confused, és were 1 and 1, r and p and B |
and D. Since confusions are not random substitutions of the
other 25 letters of the alphabet, they can>probab1y'be reduced
by some error correcting scheme. |

Existing electronic components will permit tracing twice
around an average'letter-in approximately oﬁe to two milli-
seconds, assuming (conservatively) thaﬁ 250 poihts on the
contour are examined during each trace, and that ekamination
of each point requirés 1l ﬂséc. The time quoted wbuld allow for
vapﬁrokimétély 700 ﬁsec to search for the next letter. Signal
proéessing and decision making would be completed duringvthe
search for the next letter. The recognitioh rate would be
between 500 and iOOO characters a second. Acéuracy figures will

not be available until various processing and decision algbrithms
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have been investigated. The co§t of the-scanner is estimated
at $5,000 or less. The cost of the processing and depision
making part of system is estimated at $10,000.
‘ It appeérs that typewritten characters can be
:recbgnized with considerable aéburacy_from the shapé‘of their
éxterior contour alone, and the OCR system using contour traciﬁg
will be much iess éxbeﬁsive than existing systems. More researéh.
6n processing.and decision algorithms is needed. In.particular,
algorithms should be devised which make efficient use of
statistical constraints between characters. Also it seems
worthwhile to try to extend Clemens' féchnique or a modified
form of it to the reéognitibn of handprinted characters and

handwritten words.
1.5 Scope of this Thesis

The remainder of this thesis describes the design and
cbnstruction of a contour-tracing scanner fqr an experimental
OCR system. The specifications for the scanner are és_'
follows: -

1. The scanner must be able to follow the white/black
interface aréund the outside of the characters af a high rate
of speed. For a prototype machine, a tracing time for one |
character of 1 to 1.5 msec. would be required. For the
eiperimenﬁalimachine‘described in this theéis, a tracing time
of 100 msec._is ééceptable,

2. When fhe:trace around one letter is ¢omblete, the

scan must go into a search mode to find the next letter in
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‘sequence.
) 3 The scanner must automaticaliy go-into the ‘%race
mdde whén the nexf letter is found.
4. The.scannér must have eﬁough resolution to be able
to trece around-characters having a.wide raﬁge in size and style.
| 5. ‘The scanner must be able to scan an entire line on
a 8% indh widebpaper. | |
6. .Wheh the scanner gets to the end of a line, it muét
ééarch for the next line, return to the stért of_the next liné;v
and automatically start searching for the first character.
.The scanner was conétructed to meet the first four
specificatiéns. The design was such that the basic scanner system
would easily interconnect with the additional circuitry required

to make the system trace a whole page.
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II. METHODS FOR IMPLEMENTING CONTOUR TRACiNG |

2.1 'The Contour-Tracing Algorithm

Contour tracing consists of two basic scanning

~operations; search and trace. The search operation is used to find

the leftmost point of a character. The search scan starts at a

point just below the line of print and travels iﬁ a vertical

direction to a point just above the line of print. If no black

- spot is seen, the trace is moved one increment to the right and

the vertical scan is repeated. This search scan continues until

the first black point is found.

The first black spot seen causes the system to switch to

the trace mode., In the trace operation, a very simple contour-

"tracing algorithm is used to guide the trace around the outside

of the character. This algorithm consists of three rules. To use
these rules, the direction defined by the present point and the pre-
viously examined point is used as a reference direction.

Rule 1: If the point being examined is black, turn 90°

‘to the left, move one increment, and test this new point.

“Rule 2: If the point being examined is white, turn 90°
to the right, move onevincrement, and teét this hew point.

~Rule 3: If three consecutive turns in the same direction

" occur, turn in the opposite direction on the fourth turn.

The first two rules ére essential for contour tracing a

_ character. The third is an error correcting'rule that tends to

force the trace back to the black/white interface of the character
if a wrong decision as to the colour of a.pOint'is made, Fig, 2-1

iXlustrates the contour trace.
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Fig. 2-1 4n example of the_contoﬁr-tfacing algorithm.

Some thought shows that these rules-cause the scanning spof
to move around the outside of thevcharacter in a clockwise
direction, and that the trace must hit every black spot on‘the
character that is within one increment of the edge. It follows

that the scanning spot élways returns to the starting point,v
| proViding no error is made in decidihg on the colour of any
poinf.

To ensure a unique starting point for the trace, and to
prevent the trace from breaking into the inside contour of
letters, the line width of each character must equal or exceed

two increments.
2.2 A Geheral Contour Tracer

The general structure of four'proposed contour-tracing

systéms to be described in the next section appears in Fig. 2-2,
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Character Detector > Logic
Memory -

AW - Test-
System > o
Position- =
Control <
Control
v
_ L >0 X (__t )
Output
——>—0 Y(t)

Fig. 2-2 A general contour tracer.

The shape of the character's outside contour is stored in
the character memory. The character memory may be the éctual
printed page or a hardware memory. The location in memory to be
examined is selected by the test-position-control block. The
deteétor then aécertains whether the spot corresponding to that
location is white or black. The signal from the detector is
used'by'the logic network to calculate the co-ordinates of the
next point to be examined. .The test-position-control block then
uses the 1ogicvblock signal to seléct_the'next location to be
examined. The output section of the system takes the signals
from the teSt-pqsition—controljblock andyproduces the two time

fuﬁctions, X(t) and Y(t). The main function of the system-
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control block is to use the signels generated by the test-
position—éontrol.block to switch the system from the search to the

trace mode, or from trace to search node at the éppfopriate times.
2.3 Analysis of Foﬁr Prdpésed Contour-~Tracing Scanners

In.setting out to design a fléxible éontour—tracing
scanner, many specific systems were considered. The four most
promising systems are described below.

- System 1: Photodiode Matrix

An optiés system would be ﬁsed to focus the image of the'
unknown character onto é two dimensional, 50 by 50, array of
photodiodes (or phototransistors). Thié array would constitute
the character memory. The tes@—position—control block would
consiét of two bi-directional shift registers, one for each axis
of the array, so that any element of the array could be selecfed
for examination by the detector. The detectof would decide
whether the light falling on that particular element came from
a:white or a black spot onvthe characﬁer. The logic bloék and'
the output porfion of the system would function aé described in
Section 2.2. The output block would coﬁéist of two up-down
" counters and two digital-to—anélogué (D/A) converters to produce
VX(t) and Y(t). The.system—coﬁtrol block would have to control
the repositioning of the array relative to the néxt character; in
‘addition to controlling the system modes (search and trace). The
_fime required'for.this mechanical repositioﬁing would severely

limit the rate at which a line of print could be scanned.
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Furthermore, a 50 by 50 array of phototransistors would have to
be a specially constructed item, not readily availabie and very
-expensive As an example.of the cost involVed‘ a linear afray
of 126 photnadiodes on 6 mil centres costs $788. [11]

- System 2: Linear Photodiode Array and Corc Memory

System 2 attempts to overcome the repositioning dlfflculty,

vthe high cost and long delivery time 1nherent in System 1. In
System 2, an optics system would be used to focus the printed
characters onto a VeftiCal,linear array of 50 photodiodes or
phototransistors. The page would move relative to thé array, and
at a fixed increment in distance, the linear array would be sampled

and deposited in the character memory (see Fig. 2-3).

page linear array of photodiodes

ﬁ/// optics system

motion of page
relative to linear L
maghetic core

photodiode array A
' » Character; ~/ memory
'é//// | Memory

Fig. 2-3 Scanning with a linear array'of photodiodes. The
: photodiode outputs are sampled and stored in a -
character memory..

>Selection
Gates

The character memory would in all probability be a magnetic

core array. Contour tracing would be carried out in the
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memory és described in Section 2.2. The deﬁectof,llogic, test-
positioﬁLCOntrol and output blocks woﬁld be similan to thos-e
described in System 1. If the time:requifed to‘trace a charaéter
in memory is less than the time_required for the photocéll array
fo scan a character; then éﬁe memory ﬁbuld ﬁeéd to store only tﬂo
completebcharacters'and not all the characters on a line.\ The
storing of the next character wdﬁld be time shared with the
tracing Qf“the presehﬁncharacter. The system control block would
have to'cohtrol the scan mode, the time sharing, and possibly the
scanning rate. |

System 2 has overcohe the posifion-control problem by
remapping the optical image of the character in memory. The
electronic complexity of System 2 has increased over that of
System 1. The cost of a core memory of 50 by 100 elements would
probabiy,belin the order‘of $5,000 té $6,000; This price would
include core, core driVefs, random access register,‘informatidn
register, and register indicators. This price is based on a
quotation on a 256 words by 18 bits memory.(lE] The‘delivery
time would be approXimatély six months.

Because of thé high cost and long delivery time associated
with System 2, a third system was contemplaﬁed.

i‘System 3: Oscilloscope and Photomultiplier - Discrete Scan

In System 3, the printed page becomes the character memory.
The test-position-control biock uses an X-Y oscilloscope as an
'electronically positioned light source. The signals to the
oscilloscope are derived from up4down‘counters coupléd to»D/A

converters. The light from the oscilloscope's cathode ray tube
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(CRT) is focused onto the page by.an_optiesiéystem. The detector
is a photomultiplier positioned to gather the light reflected
from the page. The amount of light gathered determines whether‘or
not the illuminated spot on the page is white or black. The logic
block calculates the neceSsary‘co—ordinate changes as desoribed in
Section 2.2. The output signals are the X and Y oscilloscope
input signals. The system control is essentially the same as
~ described in Section 2.2. .
ﬁnfortunately, the resolving power of the CRT is not
sufficient to allow any more than two characters to be traced at
a time, since the optics system must reduce the size of the object
by a factor of 10 (see Appendix V). In Appendix II, modifications
‘to System 3 are proposed Which will enable an entire line of print
to be scanned. _Another difficulty with‘System 3 is .that thefe is
very little light available from the CRT if good resolution is
desired. Consequently, not much light will be reflected from the
" page. | |
The reasoneble cost aud the off-the-shelf availebiiity of
- oscilloscopes and photomultipliersvmakes System 3 attractive, An
X-Y oscilloscope costs approximately $1,500. A photomultiplier
" costs approxihately $100. | |
" System U4: Osciiloscope and Photomultiplier Analogue Scan.
System 4 is similar to System 3 in principle, and 1t
contains the essentially the same components, an.FX-Y oscilioscope
and’e photomultiplier. In System U;‘however,‘the oontrol signals
to the‘oscilloscope’are derived from two sinusoidalioscillators

and two sample and hold (S & H) circuits. The oscillator
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frequencies are identicél but fheir phase angles differlby /2
radians. The output of the S & H circuits act as variable
positibn signals for the X-Y oscilloscope. The held voltages on
the two S &'H circuits become the X and Y cé-ordinates of the
centre of the small circié produced by the'twé oscillators. .When
a transition from white to black is found, thé X and Y deflection
volfages are stored in:thé S & H circuits. The oscillators then
cause the scanning spot to move in a circular arc until anothér
white to black transition is found. At.this point the S & H |
circuits are again triggéred, and this new edge point becomes the
centre of the next circle. Fig., 2-4 shbws that thé tracé follows
the outside contour of the letter.

Difficuity may be encountered in storing the analogué

cb—ordinates of the start position, since S & H circuits cannot

hold a dc level without the voltage sagging with time.

direction

of- trace The circles are

formed in the

x'j Start —7 clockwise direction.
, .

Fig. 2-4 Analogue method of contour tracing.

There is also another problem; if the above technique is édapted
to tracing a line of characters, the deéign of the S & H b?comes

very difficult. A 70 space line at 40 increments per space has
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- 2800 increments. A practical S &% H will work between the limits
of + 10 volts; thereforé each increment must be approximately

7 mv;' The S & H voltage must be at least one brder of magnitude
more accurafe thanithe-smélleétiincfement.. To design an S & H
circuit to operage over é range of 20 volts»with an aécuracy of

less than 1 mv is extremely difficult.

2.4  Summary and Comparison of the Four Proposed Contour-Tracing
Systems‘

The contour-tracing speed of System 1, which uses a two
dimensionai photosensitive array; is limited by the time required
to mechanically position the array. Also, the array is very
expensive.

System 2; which uses a magnetié core memory, should contour
trace very Quickly with -a minimum of mechanical positioning‘
problems. The méjor disadvantage is the high éost and long
delivery time of core memory. |

-In System 3, tracing an entire line of characters énd
making effective use of iow light levels wiil'bevthe'major
problems to overcome. Appendix II describes fwo possible ways in
which an entire line of characters may be contour traced. Low
light levels can be tolerated if a vgry-sensitive PM is used.
Sdﬁe tests, howéver, would have to be carried Qﬁt to determine
" the sensitivity required. System 3 has the advantage that if may
‘be built now,»usihg felatively inexpensive and readily available

components to scan two consecutive characters, and at a later
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date the systgm may be expanded fo tracé a whole line of
characters, .
‘System 4 may have a slight cost advantage dvef System.3,
but it is not suitable for tracing an entire line of characters.
o Since the X(t) aﬁd Y(t) waveforms from single characters
are needed for research on recognition algorithms, System 3 was
designedland built to trace two consecutive characters. The
design was such that only minor modifications were'requifed tb
enable the scanner to read an entire page. The cost of the
system would be approximately $3,000. An additional $2,000

would be required to make the scanner read an entire line.
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III. DESIGN AND INSTRUMENTATION OF THE CONTOUR-TRACING SCANNER
3.1 Captive Scan Control Circuits

The basic contour-tracing scanner consists of a Tektronix
ARM561A_oscilloscope Withvtwo 3A75 amplifier plug-ins, a-Phillips
53AVP eleven stage photomultiplier (PM), an optics_sysﬁem and
appropriate digital control circuits, The oscilloscope's
cathode ray tube (CRT) has a fast decay P16 phosphor. The
‘phosphor. decays to 107 of the orlglnal 1nten31ty 120 nsec after
the excitation is removed. The basic contour- -tracing system,
exciuding some of the control circuilts, appears in block diagram

form in Fig. 3-1.

-
Y Up~down

Counter :::::::> D/A

Digital-to-
Analogue Convgrter

Up-down 1P ' X-Y
Clock Control PM Al Optics [
Logic G Oscilloscope
Photomultiplier — J
[ )
i X Up-down
Counter D/A
J

Flg 3-1. Block diagram showing the basic parts of the
contour- trac1ng scanner,
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The X and Y counters are each six bit digital counters

designed to ccunt up or down, depanding cpon the digital signals
applied to the counter cohtrol terminals. The D/A converters
convert thé six bit digitel output ffom each counterhto an
analogue voltage prcportiohal to the vaiue of the digital number.
'The up-down counter and the D/A converter are discussed in
detail in Appendices III and IV, respectively. The D/A
converter outputs are coupled directly to the X and Y_inputsl
of the X-Y oscilloscope. | |
The first two rules for contour tracing (Section 2.1)

imply a short term memcry, since the'scanning spot needs to
'Akhow the direction from which it came if it is to tﬁrn in the
proper direction. |

| The switching functions required to implement the above
rules are now derived. Let P be the digital photomultiplier
signa1; If the illuminated spot on.the page is black, P =0
and if the spot is white, P =1. Let Xi and Yi be the up-
dowh digital control signals to the X and Y counters]
respectively. If Xi or"Yi is one? the respective counter
counts up. Similarly, if Xi or Yi equals zero, the respective
counter count; dcwh} Let Xi+l and Yi+1 he the new up-down
signals for the X and Y counters respectively, calculated from
the current values of Xi’ Yi and P. To determihe Yi+1? the P
and Xi signals must be considered, sihce P represents the
colour seen by the PM and Xi'specifies the direction from which

the trace came. Similarly,Xi+i is a function of P and Yi.
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The truth_tab-es(for Xi+l and Yi+1 are shown in Fig. 3-2.
Y o FlXia X3 Fl¥in
0 01 0 ofo
0 110 o 11l1
1. 0{0 1 041
1 101 1 140

Fig. 3-2 Truth tables fbr up-down logic control.

It is seen that these truth tables are consistent with the
two tracing rules given above. If the symbol & indicates
the Exclusive OR function then the truth table may be replaced
by the equations
Tigp = %4 B8P

Xi+l Yi &P

The function A & B is slightly eésier to realize using NOR.
~gates than the function‘A & B. For breviﬁy the symboi B will
be used to dehote the complementeé Exclusive OR function.

Thé decision to increment the counters in either the
up or theAdbwn directidn must be made beforé the counting puise
reaches the counters. For this reason, two clock pulses
equally spaced from each other in fime are used. These two clock
pulses are called clock 1 and clock 2. Clock 1 is used to
trigger alternately the X and Y coﬁnters, and clock 2 is used
altérnately to set the counter control terminals according to

the value of P and the previous direction of travel. The

circuit in Fig. 3-3 calculates the counter control signals.



After thé X'counter-has been toggled by clock 1,
¥, and P are read by the B circuit and P® X, is obtained
~‘and routed to the J-K terminals of FFy. ”The clock 2 pulse
is gated to make FFy assﬁme the state determined by its

J-X terminals.

p _
L
J-K
_ Buffer g?lip flop
Yi » 1
oe—leB {1 R J-«(i}-
Y counter _ S
control signals FFY . :L i
o <Bl—o K
\l - — [ NN
_ >
X, _ ~ ' S
O;——<-——~-—<@———— 1 R JW r [
X counter
T
control signals $ FF
EEF—o " x<
Complemented
v Exclusive OR
: > P S Gate
1 ® e
P > : P®Xi
. L . . . .

Fig. 3-3 Up-down control circuitry. The symbol T denotes
: the complemented Exclusive OR operation,

After Buffering, the output of FFy bedomes the Y counter up-
down control signals. In a similar way, the X counter

up-doWn control signal is derived from P ® Yi' It should

27'




28

be not=d that FFx and FFy form theishort term memory necessary

to remenber from where the trace came.

FFx and FFy are held in the reset state, causing both the

X and Y counters to count up.

counters must be synchronized with the switching of clock 2

The switching of clock 1 alternately to the X and Y

alternately to FF_ and FF_. Fig. 3-4 shous a suitable

‘synchronizing system.

Clock

Y

A—>— +
1t
0J+1L Y
] 4
B —
NOR gate

o

‘Buffer

To FFx tpggle

rt;ﬁ\)——a~——o To FFy toggle

In the search mode, both

To X counter
toggle input

B
[>——
‘B
L

Fig. 3-4 Toggle pulse synchronization circuitry.

To Y counter
toggle input
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From Fig. 3-4 it follows that if A = B when the clock 1 pulse. .
arrives, then the clock 1 éulses‘are dispatched altérnately td.
the X and Y counters and the clobk 2 pulses are dispatched
alternateiy‘to FF_ and FFy. If A # B when the clock 1 pulse
arrives, neither cbunter receiVes a pulse and thus the B signal
does not change. When the next clock 2 pulse arrives;the A
signal changes and the system is again synchrdniZed;

The steering gates and the flip flops which produce the
A and_B signals are all contained in the block in Fig. 3—1
labelled clock logic. Additional gates are provided to inhibit
the X counter pulses_during the search mode in a way that
produces a sequential vertical scan.

'In FPig. 3-3, the & gates, FF

x? FFy, and the steering

gates for directing the triggerApulses to FFx’ FFy are all
contained in the block labelled up-down logié.. The clock 1 and
clock 2 pulses are approximately 200 nsec wide and are

produced from monostable multivibrators in the block in Fig. 3-1
labelled clock. The optics block in Fig; 3-1 is discussed in

Appendix V.
3.2 System Control Circuitry

The main function of the System Control circuitry is to
switch the system from the search mode to'trace mode and back
~again at fhe‘oorrect times. Consider now the electronic
measurements that must be made to achieve system contrdl. The
system musﬁ swiﬁch from the search to the trace mode ﬁhen the'

leftmost portion of the character is contacted. After tracing
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around the character tw1ce, the system must prepare to switch

back to the search mode. 'Circuitry must be designed to tell
the system when two successive traces have been completéd,
after which the search scan must again be initiated at the
rightmost portion of.the character. Circuitry must.also be
designed to detect and store Xmax (the rightmost'portionlof thé
character). |

Fig. 3-5 shows circuitry which will detect each complete

contour trace.

pulse Reglster '
Digital

Comparison

Gates '
Y Up-down '
Counter A = 1 if Y up-down Counter
is identical to the

Y start Register

\

1t

0 otherwise

B
f

Fig. 3-5 Circuitry for determining a complete contour trace.
Only the circuits for the Y co-ordinate are shown,
circuits for the X co-ordinate are identical. '

¢

When the system switches from the search to the trace mode
(mode 1 to 2) a pulse is applied to the togglevinput terminals
of the X and Y sfart registers causing the co-ordinates of
the trace's Starting positicon to be stored. The digital
cdmparison gates compare.the binéry numbers contained in the

X and Y registers and the X and Y up-down counters and indicate
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if.the numbers are identical. Each time the X and f counters
return to the start position, a monostable multivibrator
produces an output pulse. A two-bit counter counts the number
of monostable pulses‘and after three pulses a set-reset flip
flop (S—R FF) is sef to indicate that two traces have been
completed.

The circuitry illustrated in Fig. 3-6 is used to detect
énd store the Xmax co-ordinate. The Xmax counter is a six-bit °
up counter with its»triggering pulse gated as follows. Only
if the digital comparison gates indicate that the corresponding
bits of the X up-down counter and the Xmax'counter are identical
and that the X ﬁp—ddwn counter is to count up will the Xmax
~counter count up 1in synchronism with the X up-down counter.
'The result is that the Xmax counter counts up to Xmax and

remains there.

X toggle | X Up—downv

Counter
g "Digital "
v : Comparison M
AND gate
X toggle L# Gates
o Xmax ~
_;i____+— Counter = 1 if X up-down counter
-up . 1s identical to the

signal - - ' Xmax counter . '

C = 0 otherwise

Fig. 3-6 <Circuitry for storing Xmax, the rightmost point on-
the character being scanned. ’ :
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The quickest way to proceed to Xmax after two complete

traces is to jam transfer Xmax into the‘X up-down counter,
Unfortunately, this operation complicates the circuitrj
éssqciated with the up-down counter. For this reasbn, a much
simpler, although siigﬁtly slowef? method was adopted. After
the second complete trace is detected, the trace is alloWed to
continue until Xmax is again detected at which time the system
is switched back to the search mode.

The current mode (search or frace) is stored-in a set-
resef flip flop (S-R FF). The first black spot seen by the PM
during the search mode causes the»mode S-R FF to set, putting
the system into the trace mddet The S-R FF cannot be reset
until two fraces have been completed and the céunt on thé X
up-down counter is equal to Xmax. |

The system contrél circuitry was designed to enable the
automatic confrols to be replaced by external manual controls.
The manual control is achieved with five toggle switches.-
Activating a switch mérely_grounds'an input to a gate on a
circuit card. The controls are as follows:

Stop Switch - removes the clock pulses from the system.

. Externél/lnternal Switch - selects either an intefnal
.pulse squfce or an external pulse source to prbduce the clock.
pulses.

Reset Switch - resets the X and Y counters.

"Search Switch - Activating this switch causes the system
‘to go into the search mode. The system is prevehted from"

entering the'trace mode by causing the system to effectively
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Trace Switch - This switch causes the system to remain
in theAtrace'mode. The system is prevented from-returning
to the search mode by disabling the gate controlling the

resetting of the mode flip flop.
3.3 Error Correction Circuits

When the above system was built and tested, it was found
that the tracing spot sometimes became trapped‘and made four
consequtivé turns to either ﬁhe.right or left. This trap did
not seem to beva result of a loéic error, as the trapped trace
was generally fight on the edge of the character. It was
postulated that the spot of light from the CRT was landing on
neither a white spot nor a black spot but on an edge, and the
PM had difficulty in determining the colour of the reflected
light on a consistent basis. Perhaps a reason for £his
v difficulty.is hysteresis in the response of the PM, After
seeing many white spots in a row, the PM will cérrectly detect
only spoté which "are entirely black; é partially black spot
will be called white. Thus, it 1is pbssible for the PM to
‘initially. examine a partially black spot, call it black and then
proceed to three totally white spdts. When the trace returns
to the initial spot, it now because of hysteresis, sees thé
spot as being white, and the trace becomes trapped.

What 1is needed ié the third rule in the contour-
tracing algorithm (Section 2.1); after three consecutive

turns in the same direction, turn in the opposite direction on
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the fourth’turn.v The operation of the circuitry required to

‘realize this rule can be understéod with the aid of Fig. 3-T.

: Two-bit
>— Mono Mono .
_ | , Counter
- NOR gate . _ L
Mode 1/2 ‘ D g , — ? 1 LJ
:; + Detect 3 J*Ai
A - . 5
_QM& Mode 2 to 1 OR
o ]
. Y pulse gatei>
B, -] | L[ ( B,
Cyl_4b4:>kh 4 | | |+ Detect 3
WMode 1/2 . — TT
' ( |
Two-bit
>} Mono Mono _
Monostable L;Countgr
multivibrator

Fig. 3-7 Circuitry for counting three consecutive turns in the
same direction.

\

Two 2-bit up counters are provided and the toggle
pulses from clock 2 are gated into One.of’the two counters.
The-counter selected depends on the value of'Pi (derived 7.
from P as will be shown later). The output binary numbers‘
ffom each of the two-bit céunters are routed to two inbut
NOR gates which<detect the count of three. The'toggle_input
of one counter resets the other counter via a delay mono-

stable multivibrator. Consequently the‘outputvbf one of

the two input NOR gates will indicate when three consecutive
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turns in the same direction occur. 1In Fig. 3—7,(A1 = 1 if three
consecutive left turns are made (P1 = 0), and Bl = 1bif three
consecutive right turns are made (Pl = 1). Signals A, and Bi are

used to modify the value of P for the fourth turn. Consider the .
following truth table andrthe‘cofresponding circuit in Fig. 3-8.

A B P|P

Ay B 1

o 0o ofo

o-0 11

01 o]0

01 1]o0 _
1 0 o1 Py =A) +B P
1 0 11

1 1 olpg

1 1 10

P— >
By

Fig. 3-8 Error correction circuitry.

From the above circuit diagram and truth table, it can be

seen that if_Al = B1 =0 , Pl = P, and if Al 1

changed in accordance with the third contour tracing rule. The

or_B =1, Pl is

above circult was added to the up-down logic card to modify

P to Pl'
An additional problem arose in'the_testing of the

original system. Sometimes the system would begin searching

after only one complete trace around the letter or sometimes the

system would become trapped in the trace mode. One possible



36
vreason for these difficulties lies in the fact rhat it‘isipoesible
in applying the three contour traclng rules to return to the
starting 301nt without completely tra01ng the letter Refer to

Fig. 3-9. - g ,

X,Y start
co-ordinates

.Fig. 3-9 A troublesome starting point.

In this oaée the counter counting the number of complete traces
aroﬁnd the character receives an erroneous signal. Since the
trace must make three consecuti&e turns in the same direction
before it can return to its start position (or else go completely
round the character), the Al and B1 signals'can be used to
"inhibit the false count signal on the start p051tlon counter

The 01rcu1t illustrated in Flg 3 lO was added to the

miscellaneous one card to achieve the error correction.

Monostable
multivibrator

NOR gate

Count of

three

A —

By — +

Fig. 3-10 Starting point error correction circuitry.

A block diagram of the complete'cOntour—tracing

scanner appears in Appendix VI.
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IV. -RESULTS OF GYSTEM TEST

4,1 A Brief Review of the System Operation
. 1

The cbntéuf tracer'has two modes of operatidn, search énd
trace. In the trace mode, each of the X and Y up-down counters is
triggered alternately and in such a way that the conﬁour-tracing
.rules are obeyed. In the search mode, a sequential vertical scan
is used to'find the leftmost portion of the next character.

When the:firsf‘blaCk spot 1is seen by the PM, the system switches
from the éearéh to the trace mode. Thé system can rgturn to the
search mode only after the charcter has been traced twicé and
the trace has returned to Xmax.

In order to determine the number of times a character has
been completely traced, the X and Y co-ordinates of the start
position must be storedvin digital registers. Digital>comparison
gates are used to compare the count on the up-down counters to
the values stored in the X ahd Y start registers so that the
system knows when the sfarting position is again reached. A small
binary counter is used to count the number of times the system
returns to the start position. The Xmax register is an up counter,.
suitably gated so that it counts up to the'maximum deviation in
the X direction (Xmax) and remains there until after two character

traces have been completed.
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4,2 Contour-Tracing Results

Initial tests using Letraset'characters indicated thatlthe.
contour tracer will operatevéuccessfully at block rates up to ’
260 kHz. Fof a clock rate of 200 kHz and a 1inear resolution of
approximately Lo increments per cﬁaracter,Athe time required to
trace twice around a character is approximétely 10 ms. fIt was
found that acceptable contour tracing could be achieved using only
20 increments per character if Letraset chéracters were used, but
35 to‘40 increments per character weré required to successfully
contour trace the typewritten characters from the Hermes
Ambassador electrié typewriter, Increased resolution is réquired
because the typewritten characters have very narrow line widths.
Even with 40 increments per character, the close spacing of the
serifs and the narrow line width made the lower case M from the‘
Hermes typewriter difficult to trace.

The system'was tested on many different characters from
several sources. Exhaustive tests were not carried out on all
characters in ahy given'font, but almost all characters attempted
were traced successfully. It was found that characters from a
conventional typewriter using an.old,'conventional typewriter
ribbon could not be contour traced due to poor black/white
contrast on the page. Fig. U4-1 showsvphotographs.of the
-oscilloscope trace for characters from a Letraset'sheet_(sﬁeet
‘>210). Also shown are the X(t) and‘Y(t) wéveforms. To yield moré
detail in X(t) and Y(t) waveform picturés, oniy 1 complete trace

around the lettéf is shown. In Fig. U-2 contour traces are shown
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LOWER CASE A

X(t)
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Y(t)
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Fig. 4-1 Contour-tracing results; characters are from
Letraset sheet 210.
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g LOWER CASE C

X(t)

20 msec/div.

v(t)
LOWER CASE D

X(t)

10 msec /div.

Y(t)
LOWER CASE M

X(t)

-

20 msec/div.

o y(t)
il x LOWER CASE N

X(t)

) ' 10 msec/div
Fig. 4-1 cont'd Contour-tracing results; characters are from
Letraset sheet 210.
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LOWER CASE C

y(t)
LOWER CASE M

X(t)

20 msec/div.

20 msec/div

Fig. 4-2 Contour-tracing results - typewrltten
characters (Hermes Electric)



Fig. 4-3

Y)
HANDPRINTED e
subject no. 3

X(t)

TYPWRITTEN e
HERMES ELECTRIC

Contour—tracing results
and typewritten char

Y(t)

X(t)

yit)
HANDPRINTED e
subject no. 1
X(t)
10 msecdiv.
HANDPRINTED e Y(t)
subject no. 2
X(t)

10 msec/div.

10 msec/div.

20 msec/div.

- handprinted
acters.
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for several-choracters from a.Hermes electric typewriter along
with the’ir respective X(t) and Y(t) waveforms. The system was
also tested using some handprintod ¢haracters. The results are
shown in Fig. 4-3 along with a sample from the typewriter. Tﬁé
conditions for ali the tésts shown’in Figs. M-l to 4-3 were asv

follows:

_Clock ratei | | 10 kHz

- X-Y oscilloscope sensitivity: 2v/div.
X(t) vertical sensitivity: 5v/div.
Y(t) vertical sensitivity: . 5v/div. ' N
Sweep rates: A . as lobelled

The resolution in each of Figs. U4-1 to 4-3 was approximately the
same, 35 to 40 increments per character for lower case letters

and approximately 50 increments per character for capital letters.
4.3 Problems Encountered in Contour Tracing

The major difficulty encountered during contour tracing was
the system's téndency to become ftrapped in the trace mode. It was
postulated that the PM would sometimes make an incorrect decision
as to the colour of aipoint that falls on a character boundary,
with the result that the trace moves away from the black/ﬁhite
interface by more than one:inorement. Rule three in the trace
algorithm would then bring the tracebbaok to within one increment
of the letter edge. However, if the PM decision error is commit—
ted while the trace is in the_vicinity of Xmax, then the Xmax

counter may become elevated to a'count that may never be reached by
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succéssive tracings'of the character. If the PMAdecision error is
made at the beginning of a character, the X and Y co—ordinétes
that aré-stoved.té represent fhe stért poéition; may nevér be \
returned to in subsequent tracings of the character.

-In order %o test the hypothesis that faulty sigﬁalsﬂfrom~
the PM'cause the system to become'trapped in the trace mode, the

PM and the optical system were disconnected from the system and

were simulated by a PDP-9 computer. A capifal letter N was drawn

N,

graphically, and the correct ?M output signals were determined by
hand and stored in 143 eighteen bit words in the gomputer. The
computer program caused fhe stored PM information to be delivered
sequentially to the contgur—tracing electronics system. The
purpose of the simuiation was to test the electronics portion of
the syétem; if this portion were not performing according to
design, the system wogld not respond correctly to the computerized
PM signals. Correct response of the electronics system to the
computer signals would indicate that contour-tracing errors are
caused by inadequate optical resolution and/br PM decision errors.
Fig. U4-8 shows a photograph of the contourvtréce with results

from the computerized PM signals. A photograph of a contour trace
made by the actual system which uses the PM and bptical system
appears in Fig. U-5. It is seen that~thé trace made by the
computer simulated PM signals 1s never any wider than two
increments, whereas the regular contour trace in Fig. 4-5 is, for
the most part,fhfee increments wide and in placés fogr increments

wide. It is apparent that the electronic circuitry'is performing



Fig. 4-4 Contour trace of an upper case N using a
PDP-9 computer.

Fig. 4-5 Upper case M contour trace from a Letraset
210 sheet.
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as deéigned and that the optics énd PM portion of the systém
causes ﬁhe traciﬁg errors.

There are several solutioﬁs to the above problém, som=2 of |
which are 1isted below.

1, If a high quality flying—spot scanner.were used instead
of the oscilloscope, then a much smalier spot size could be
expected.,[l3] A smaller spot size would decrease the probability
‘of the spot landing on an edge and would be expected to increase
the system resolution. This solution could be very expensive.

2. The character could be re—mapped into a-mégnetic core
memory; The Cbntour tracing would be done on the stored image,
aé described in connection with System 2 in Chapter II. Since
the character image in memory is constant, there would be no
difficulty in returning to.the start position of to Xmax. This
solution is very similar to system design number 2 discussed in

Chapter II.
b, nu Suggestions foerurther Work

For research into Various>a1gorithms for character
recognition, the present cohtour—tracing scanner can be used with
a tape recorder to provide the X(t) and Y(t) signals for computef
analysis. A prototype contour tracing-machine'must not however
be prone to getting-trapped in a character tface. Of the two
solutions proposed in Sectibn‘ﬂ.3, the sedond seems most
practical.‘ Consider the advantages inherént in a syétem similar

to System 2 discussed in Chapter I1.
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1. The system could operate in dayiight.'

2. .Remappiné the character into memory would eliminate
tne problem of inconsistently reading the colour of the ekaminedf
spot.' o

3ﬂ Deci=ion openations could be made Very‘quickly,in core
memory. (1 usec or less). |

I, In comparison with the other contour-tracer designs,
System 2 would present only minor problems in contour tracing a
compiete line of characters. The mechanical positioning problems
inherent in the other tnree-deSigns'have been exchanged for

increased electronic complexity in System 2. Increased electronic

complexity can be handled relatively inexpensively and efficiently

with commercially available magnetic core memories and digital
integrated,circuits. |

| Further investigation into the design of Systemb2 would
reveal the design specifications, the approximate cost and the
expected instrumentation problems.' To improve the performance of
the existing system, further research into specifications and

cost of a better flying-spot scanner would be needed.
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COMPARISON OF SOME COMMERCI:LLY AVAILABLE OCR MACHINES

Compiled by Robert A. Wilson,

3005 Fairmount Street, Dallas, Texas 75201

FARRINGTON 1BM 1428 PHILCO CONTROL DATA| RECOGNITION svz.vm::c
NAUFACTURER, and A AND JOOEL 1O, OF WACKINE ———amnlCEREET | Cncmen | pomeose | maopat | SLecraonic | svstes onv Rewnrs
CRARACTERISTICS MODEL 17 READER, PRINT RABINOW RETINA () | (5) UNIVERSAL
1 MODEL 3 READER ELRCTRONICS '| CHARACTER PAGE READER
READER
GENERAL DATA . Junaianiiipannnavnnnunngunawinnnn
Scanning method employed [stroke anal, frotating diskFlying spot 9% [ ohotacells Fiying ot
Core memory built-in? (1 K = 1,000 cheracters) No core Mo, See note 1 [Yes. 4% & up |No, Ses note 1{Yes. 8 to 64X | Not known *One *Km = 1,000 characters
Compatibility with other c 11 tems Yes. General [No. 1BM only|[Yes. Generat [No. CDC only|[Yes. General |Yes. Gensral
Delivery time from date of order 1 yr 6 mo 1 yr 6 mo 1y Not known
[INPUT MEDIUMS QTHER THAN REGULAR PRINTED PACES AR v
Microfilm option Ha Yo Ne No Yes Yes
Preprinted form pages Yes Yes Yes Yes Yes Yea
PR INT-READING ABILITY (VOCABULARY) AR nnaANnnnnnnnnn
Standard letterpress fonts No No No No Yes Yes "
Standard typewriter fonts . ¥No No Yes No ‘Yes Yes
.Special atylized (OCR) fonts only, and kind Farr,Selfchek| IBM font.only Not limited OCR only Not limited | Not limited
Cemputer lineprinter print - Yesw Yes* Yes No Yes Yes *When equipped with special OCR font.
Capitals only, or caps. & lower case (1.c.) intermixed Caps. only | Caps, only |Caps. & l.c.|Caps. only | Caps & l.c. | Caps & l.c.
Mark sensing (manual marking) available Yes Yes Yes Yes B Yes Yes
No, of alphsnumeric chavacters in vocabulary 60 42 TP Fa: o] Approx. 50| Unlimited* | Unlimited» KENT RESTorYDe <hayacter porternd msd
[PAPER STZES HANDLED A e nnnnynnn
Maximum page or document (D) size, in inchea 13 X 8.5 4 1/3x8 4D | 11 X 8,5 12 X 14 14 X 14 11 X 8.5
Minimum page or document (D) size, in inches 4,5 X 5 2./3 %309 3x5 4 X 2-1/2 + R 1/6 X &8 Not known
Can sizes be intermixed, within reasonable 1imits? Yes No Yes Not known Yes Yes
ECANNI-NG DS R I A nnnmmmnnn
No, of charactera per second (cps) 250 480 (mex) |Up to 2000 310 - 2400 max 2200 max
I No, of lines scanned per second on one pagek 5 2 Not known 2,7 approx, 12 Not_known _[#Depends on no, of characters in line
No, of full text pages read per minute® Not known [OF9 2O% read] p co 20 5.5 12 to 30 | Not knoun |*Depending on mount of print on page
DUTPUT MEDIUMS AVAILABLE JINITIIIIIE V21700000000 B 10008000470 N 22000000000 20000000000 ) 110000001001
Magnstic tope (the usual output medium) Yes Yes Yes Yes Yes Yes
Punchcards Yes Yes Yas Yes Yes Yo
Punched paper tape Yes Yes Yes Yes Yes Yes
Atrer No Yes Yes - Yes Yes Yes
Jeletype OT Somparable data transmisaion device Yes Yes Yes Yes 1 Yes Not known
JRRJECT HANDLING A s v e T W
Operator can handle on-line No No .Yes i Yes ! No Yés'(6)
Reject peges (1)marked, (2)offset, (3)separately stacked 1, 2 1, 2 1, 3 1, 3 1, 2, 3, [3.%¢e note 6
PRICES FOR BASIC SYSTEM innunaANnnuaTRnuanennnnneauannn e
Purchase, including 1 yr maintenance charge $156,000 $164,000 $525,000 $132,000 $455,000  ]Mot known
Lease, monthly rental (includes maintenance charge) 4,235 3,475 14,000 3,500 13,500 Not known
INSTRUCTIONS BE STORED IN OPTICALLY READABLE FORM? No No Yes3) No No Yes

1

1s attached, .

2, For exemple, stubs from punchcard utility bills or gasoline credit card ststements

Thie machins hes no built-in core memory of ita own, but uses the core storsge of the computer to which it

3, By Philco Auto-Load, using pre-printed forms on which instructions may be coded in binary.form with a pen,

4, Includes magnetic tape unit, but no medntenance charges,

5. Not yet sold commerciaily, It 1s understood that & prototype machine with the above-listed characteriscics
has been built and tested {n plant, with primary application being the scanning of technical journals for
mechanized information retrieval and machine translation purposes,

.6, Unreadable characters are displdyed in their immedlate context on 8 viewing scope for manual correction via

a conscle typewriter.

"Electropic Retina” {8 a registered trademark of Recognition Equlpme.nt, Inc.
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APPENDIX II

MODIFICATIONS REQUIRED TO TRACE AN ENTIRE LINE OF CHARACTERS

1

A 2.1 Analogue Method of Tracing a Full Line of Characters

Because of the limited resolution of the oscilloscope CRT,
no more than one or two charactérs can be traced at a time using
the photomultiplier-oscilloscope design; A modification to the
design has been developed to enable a whole line of characters
to be traced. In this modifiéation, é signal proportional to the
average horizOntai position of tﬁe trace on the page is subtracted
- from the horizontal trace signal, and the differénce-signal is
displayed on the CRT. Since the average position signal is

subtracted from the trace signal, the CRT need only be wide
enough to display the contour of one character.

Consider that the paée containing the line of characters
to be traced is mounted on a moveable carriage,_and'let the
horizontal position of the carriage be denoted by XC. Let Vc =
'KCXC be the output voltage from a linear potentiometer
ﬁechanicélly coupled tb the carriage, where Kc is a constant of

T

on the X-axis up-down counter, then the

proportionality. If AV, is the analogue voltage proportional to
the digital number VT

‘deflection signal to the CRT can be written as follows.

XS = KS(AVT - KCXC) A 2.1

‘Where KS is a constant of proportionality. The subtraction is

effected in a differential amplifier., If VT i1s considered fixed
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- and Xc is allowed to vary by A&Xc, then the.chahge AZXS, in XS is

4

AX, = -KK AX. A 2.2

- A change in A\XS in spot position on the CRT face causes the

image of the spot to move a distance of AsXé where
r =
[§Xc szXS A 2.3

The constant m is the magnification of the optical system. For
proper operation, the CRT spot must track the carriage motion,

thus AX(': = AXC. Therefore,
-2+ = kK A 2.4
v s

To trace a line_bf 70 characters at 40 increments per
character, a 12 bit up-down counter is required; The maximum
useable CRT screen width is 6 cm and the required optical
magnificatidn, m is -.1 (see Appendix V). A practical D/A
converter output range is * 10 volts. If 100 increments ére
desired in a 6 cm deflection, then the oonstants in equation

A 2.1 are as follows:

A = ,0049 volts/increment
K, = 12.25 cm/volt
KC = ,815 volts/cm,

~There are several instrumentation problems associated with

this system. Each.incremeht in tracing voltage is approximately
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5 mv, énd the position of the carriage'ﬁust be measured &n order
of magn&tude more accurately than a tracing increment.
Consequently, two voltages each with a magnitude of apprdxinately
10 volts must be subtracted accurately to .500 ﬁV; Thus a commoh-
mode rejection ratio of 26;000 is required. A Tektronix type 3A3
differeﬁtial amplifier-plug-in will saﬁisfy these specifications
up to 100 kHz. The output of the D/A converter and the
~potentiometer must have very little noise, since the oscilloséope
deflection signéls are very small. The potentiometer must, of
course, be a very linear function of horizontal carriage position.
A 12 bit D/A converter may be difficult to build and keep tuned
sinéé the current dividing resistors must be very accurate.
It should be noted from equatibﬁ A 2.4 that a éhange in

the optical magnification, m, fequires'that the product KS-XC be
chgnged accordingly. Since L is proportional to the voltage

across the carriage position potentiometer, it is easily adjusted.
A 2.2 Digital Method of Tracing a Full Line of Characters

If the above system provés to be unsaﬁisfactory,-it can
be modified to ovércoﬁe.some of the difficulties mentioned above.
Instead of subtracting two analégue.signals in a differential
amplifier, the éarriage poéition could be digitized using a

linear encoder. The two digital signals V., and XC would then be

T
' subtracted digitally. The carriage position should be digitized
to 15 or 16 bits, since X, must be known more accurately than a

tracing increment. The result of the_subtfabtion operation would
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»be a 9 or 10 bit number which would be converted to an analogue
defiectién signal.. |

The:digital subtraction has rémoved the problems associated
with the differential'amplifier. Also the D/A converter
fequirements have been reduced to 10 bits from 12. The digital
subtractor has also eliminated the problem of,low:signal 1eveis.
If operation is desired over a large range of optical
magnification, m, the digital numbér, Xc’ representing the
cérriége position must be scaled if the oscilloscope deflection
is to track the carriage motion. This scaling can be achieved
by mechanically scaling the linear encoder or by digital
multiplication of the binary number‘corresponding to the
carriage position by a digital scaleAfactor. For small changes
in m,'fracking can be achieved by adjusting KS.

The analbgué method for tracing a full line of éharacters
would cost $1000 to $1200, the main cost being for tﬁe” .
differential amplifier. The digiﬁal version would cost between

$3000 and $4000, the main cost being for the linear encoder.
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APPENDIX IIT UP-DOWN COUNTER

The up-down counters used ‘n the contour-tracing scanner
~are paraliel counters. - The tefm parallel is used becauée'all_
df.the flip flops.are triggeréd simultaneously. The main
advantage of a parallel counter over a ripple counter is in the
speed of operation. An up-down ripple counter has a propagation
time of approximately 60 nsec per bit, whereas a parallel up-
down counter has an overall delay of only 15 to 20 nsec (the
time required to complement a J-K flip flop). |

The decision to.complement an individual flip flop in a
parallel up counter is made by negative logic "AND" gates whose
outputs are connected to its J and K (set and reset) terminals.
Consider the following binary sequence for counting pulses .in
Fig. A3-1.

Pulse Number VBinary Number
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

O 00 1 O U1 &= W N = O

- Fig. A3-1 Up—cbﬁnting sequence .
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It will be’noticea that the least significant.bit.(LSB)
complements each time a pulse arrives. The other bits o
complement on the pulse immediately following the time when.
‘all the bits of 1essér significance are all digital oﬁes. Fig.

A3-2 shows a parallel up counter.

negative logic

cTTTTTTTTTTT -3 AND gate
~ 4 [>"/ -
least bl :
significant '| ) : | \
flip flop Y4Y-——~—~"~"-- ? :
1.
J 1 J 1 - J
J-K
T pp i T
K 0 K 0 K

Toggle Rail

Fig. A3-2 Parallel up counter..

The negative logic AND gates are used to detect one states of
lesser significance. . Since the AND gates detect O's rather
than 1's, the coﬁplement of the flip flop state is used as an
input. The oﬁtput of each AND gate is connected to tﬁe J-K
terminals of the flip flop.cofresponding to the next_most
significant bit and to the input of the next»AND gate. Since
a J-K flip flop only complements when bofh the J and K
terminals are at Zero, a given flip f1op is complemented oniy
when all the flip flops of lesser significance are in the one

‘state.
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A down counter results if a decision is made to complement

a flip flop if all the flip flops of lesser significance are in
the zero state. To make an up-down counter, a symetrically |
similar set of gates is added to detect the occurrence of
1ésser sigﬁifiéant zeros.. Selection of either the count up or
count down function is'accompliShed by providing signals tb
disable either the up-count or the.ddwn—count gates as shown in
Fig. A3-3. |

In the-contour;tracing scanner, there was no requirement
for the up-down counter to have a disabled mode. For this
reason thé input AND gate on thé 1eaét sighificant flip flop
was not inéluded on the counter cards. When the counter was
built and tested, it was found that thére was a propagation
time of approximately 100 nsec through each stagé of gating.
To reduce this propagation time, the two input NOR gates used
to drive the J-K terminals of the flip flops in Fig. A3-3 were
built_from.discrete.componénts.in order that speed-up
capacitors could be_used. The effect of speed-up capaéitors
was to reduce the propagation time to approximately 30 to 40

nsec per stage.
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Input

AND gateH 5 .

. : J-K

=~

least significant

flip flop

Up rail
Down raill

Up rail
Down rail

Up rail
Down rail

Up rail
Down rail

o
o=

o
HHE HO

nn

[N

counter counts up

counter disabled

counter counts down

operation not defined

All toggle inputs to the flip flops are tied in
parallel and driven by a 200 nsec pulse.

Fig. A3-3 Parallel up-down counter
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APPENDIX IV

A.WEIGHTED—RESISTOR DIGITAL-TO-ANALOGUE CONVERSION CIRCUITRY
' AND ERROR ANALYSIS

A 4.1 Weighted-Resistor Digital-to-Analogue (D/A) Circuits

"After considering the two methods of_D/A conversion, the
weighted-resistor technique was chosen over the R-2R ladder '
network [14,15].

A weighted-resistor D/A converter is shown in Fig._AU-l.

D
sl
e l__m____.
AV,
al
+
R, = 2" 1K x=o0,1,...,n1 vo

Fig. Al-1 Weighted—fesistor D/A converter circuit.

The operational amplifier is used to sum the currents
contributed by each branch in the current-divider network.

The diodes DS and Dak are current switches, which force the

k

current, ik, to flow either toward the operational amplifier

‘or into the switching-signal source, e, .. If e _is + 1.5 volts,

k k
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sk is reverse bilased, Dak is forward biased and the kth branch

current is routed. to the operational amplifier. If ek is - 1.5
th |

.D
.'volts, the k branch current is routed into the switching
signal sdurce. The signals e, are derived from th¢ corresponding
£1ip flop outputs. |

.The weighted resistor D/A circuit has two main
advantages over the R-2R ladder circuit. These advantages are

as follows:

th

1. The current, corresponding to the k bit can be

ik’
~adjusted indepéndently from the other bit currents by adjusting
resistor Rk.

2. Only one highly accurate reference supply (E) and n
current switches are necessary for the weighted-resistor - -D/A

converter whereas in the R-2R ladder network, n accurate,

switched voltage source drivers are needed.

A 1,2 Steady State Errors in the Weighted—Resistor D/A
Converter

In analysing the steady-state errors, the operational

amplifier may be modeled as shown in Fig. AL-2,

Fig. AL-2 Operational amplifier model.
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In- Fig. Ak4-2

_VQ = -1SRf/(l - Kr) : A Y4,1a
"R,(R_+R.) +RR.R. R
LYo b o f i f
where K_= A L4.1b
r RL(RO - ARf) Ri

For an ideal operatiohal amplifier, the open loop‘gain, A and
the input resistance, Ri are infinite, while ﬁhe output
resistance, Ro is zefo. Thus Kr.is equal to zero. For a non-
ideal amplifier? the non-zero value of Kr merely scales the
output voltage. “

From equation A 4.la, thé relative error in the output
Voitage can be calculated by‘considering the errors'in the

input current is.

n—-1
E -V - e
_ dk i .
i, = [ak< Rk + lo¥> - (1 - ak)lok} A U.2a
k=0
R,= 2" 1K R . k=0,1,...,n-1 - A b.2p

14

For an ideal operational amplifier and ideal diodes, the

operational amplifier input voltage, ey the forward voltage

across the k" switching diode, V. ; and the k"

current, iok are zero and the accuracy of the current, 1

diode -leakage

S’
depends only on the accuracy of the current dividing resistors,

R The parameter a, is either O or l_depending'on the binary

k’ k
number being converted to an analogue voltage.' For non-ideal
components, the error in g due to de, ey and 1ok must be

~calculated.
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2R N Y di,
A éé sk pp 4 8K Ae 4 SKAy lSkAiokJ A L.3a

S | <« k i dk .
Ry °3 NVay SENSH
E -V e. :
_ dk i . ‘ ]
1oy ay - + 1Ok+‘R. - QA -a i, A 4.3b
k "k ' '
" The error due to de, and the error due to iok when a) = 1

need not be considered, since Rk can be adjusted to compensate

for these errors.A However, when ak = 0, the leakage current
does produce an error in is. The error due to the resistor
tolerance must also be calculated.

In order to calculate the error in iS due to €y, an

'upper bound on e; must be found. In Fig._A4—2

- VoR_R , ' o
e; = be;, = — f o ' Ah.ha
R, (R - AR.)
R R.R ‘
R, = o f L : , A 4. Up
RR. + RR. + R.R :

It should be noted that ARf>>'RO and that by the use of a low
impedance current booster on the output of the operational

amplifier, RO can be made much less than either Rf or RL'

Therefore RO = Rt' Consequéhtly the amplifier input voltage

can be approximated by

. - ) . .
_ - Vo Rf E
ei = e — = - == ak--—~— : A U4.5
A A R
’ Keo k »

It is desired to compute the ratio of the error in is
. 3

Ais caused by A-ei, Aiok’ and.[_\Rk’ with respect to a least

significant bit (LSB) current. Let the magnitude of these
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rélative errors be gis s gﬁs and éﬁs ‘respectively.'
' : le. i R
i 0 k
Some algebra shows these errors to be:
’ . Antl . :
§i | 2% R A b6
S = —_——— A
e AR
i n-1
, ~n-1 : .
Si| » ™Mo Rp | A LT
st &
i B
o]
on A Rk
§i| £ @" -1) =X, | A 4.8
s R .
Rk _ k

In equation A4 4.8, all resistor tolerances were assumed equal.
The result shown in equation A 4.6 is in agreement with the
result found in [iﬁ]; however, it should be noted that the

bound on gis cén-be tightened by an additional factof of =

e.
1

two if the following argdment is considered. The calculéﬁions
that led to equation A 4.6 were made assuming the operatiohal
amplifier summea only currents flowing in one direction. If
current bias is added te the operation amplifier input to shift
the output voltage until it is symmetric about zefo vblts, the
maximum input current to thé operational amplifier is halved

and thus e; and gis are halved. See equation A 4.5,

€.
R

| B £ A b.9
le, symmetrical output n-1
voltage swing

§i

S

For a symmetrical output.of * 10 volts, a most

significant bit (MSB) current of 30 ma, E = 30 volts, A =

5 x 10“, n = 12 and a maximum diode leakage current of 10 na.
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for a reverse bias of 1 volt bounds on the relative errors due

to e; and i were found to be:

S§i.| ¢ 2.1%

[w]

Sis- < .89

~From the above it can be seen that for up to 12 bits,
fhe errors caused by the operatiénal amplifier and the
switching diodes in the D/A cbnverter are either small or can
‘be compensated for. Thus the main limitation to producing an
»acéurate D/A oon&erter for n £ 12 lies in the current dividing
resistors. |
Since the output voltage is linearly felated to iS from
equation A b1, the error in Vo with respect to a LSB in‘outpdt
voltage, gﬁb)is equal to gis if the errorsA gﬁs and
o Ry ey
gis X are neglected. The relative output voltage erroxr AgVo
o}

is plotted against‘resistor tolerance for 2 £ n £ 12 in

Fig. Al-3.
A 4,3 Speed Limitations in the Weighted-Resistor D/A Converter

There are two main limitations on conversion speed in
the weighted-resistor D/A converter; the switching and settling.
time of the diodes and the slew rate of the operational

amplifier.
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FIG. A4-3 CURRENT DIVIDING RESISTOR TOLERANCE FOR WEIGHTED- RESISTOR DIGITAL- IO -ANALOGUE CONVERTERS

ALL RESISTOR TOLERANCES CONSIDERED EQUAL, Vo IS THE ANALOGUE OUTPUT VOLTAGE, LSB IS THE OUTPUT
VOLTAGE INCREMENT CORRESPONDING TO A CHANGE IN THE LEAST SIGNIFICANT BIT. n IS THE NUMBER OF BITS.
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To make an estimate of the settling time of the "diodes,
ohe must consider the diode Junction capacitance and the diode
>recovefy uime.' The recovery time or switching time of the
1IN4154 diode can be calculatea as shown on the specification
sheet on the 1N4i5u to be'abproximately 6 nsec for 30 ma of
forward current. The‘junction capacitance for the 1N4154
diodeAisAapproximately 4 pf. The voltage across the diode ohly_
changes by 1.5 volts, soﬁthe junction capacitance can be
considered to be charged by a constant current source. The
worst case will occur on the LSB, since the charging current

is smallest in this case. For n = 10, and a MSB current of

30 ma, the LSB current is 60 pa. The charging time t, 1is

t = — = 100 nsec.
c i -

The junction capacitance is discharged through the low forward
resistance of a conducting diode, which is approximately 7.5K
at a forward current of 60 pa. The time constant is approximately

12 (7.5 x 103) = 30 nsec. The Junction capacitance.can

L x 107
be considered fully charged after 150 nsec (5 time constants).
Thus for a 10 bit D/A converter, operation at a 1 MHz rate
seems quite reasonable from consideration. of switching and
settling time of the diodes.

The slew réte»of the.operation aﬁplifier.limits the
maximum rate of change of the output voltagé, Vo. There will
be transients:initiated by each change in the digital number,
however the proper appliaction of a small‘capacitor across the

feedback resistor will reduce these trénsients to an acceptable

level,
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A 4.4 Resistor Trimming Circuitry

There was an immediate need for an 8 bit D/A converter
with an accuracy of at least 1/2 LSB ( §Vo £ 1/2) for another
project as well as fbr a 6 bit D/A convefter for‘the contour-
tracing scanner. Thus an 8 bit D/A converter with an accuracy
of 1/4 LSB (8§ Vo € 1/4) was designed. From Fig. A4-3, it is
seen ﬁhat a resistor accuracy of .1% is required. The
configuration shown in Fig., AU-5 was used to construct a

resistor accurate to .1% from inexpensive components.

’ - _(N+M)R
Ry R%l%) - B T (v
e — 1

Fig. AL-U Circuit for adjusting R

T to the reqguired accuracy

To achieve a temperature stability which exceeds that
of the ordinéry resistors, a 1% resistor was used for the
resistor R. The configuration shown in Fig. A4-U4 has ceftain
advantages over a series combination of a 1% resistor and.a
small trimmiﬁg resistor. The parallel configuration minimizes
.the inductive effect of a potentiometer, siﬁce less than 10% of

the current passes through it. If more adjustment is required
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on a given resistor; the_fesistor NR can be Chénged to give the
‘desired adjuétment without the necessitylof changing a 1%
resistor. |

If R,, is the combined resistance of the three resistors,

T
then
_ (N + Mmax) R
Rpmax = W+ Mmax * 1) A B.10
. _ ' NR
Rpmin = g7 A1
- Rpmax - Rgmin S Mmax . .. .. ' A 4,12
Ry ~ (N + 1) (N + Mmax)

where RTmax and Mmax are the maximum values of RT

respectively., If M can be set to an accuracy of AM, then the

and M

maximum accuracy that R, can be set to is

T

b Ry _ A M | | L A 14,13

“ﬁ;‘ (N + M) (N + M+ 1)

The worst case occurs when M = O. Therefore,

'fiﬁi < AV ‘ - A 4.1h4
R ~ N(N + 1
T
If Mmax = N = 10, and if M is adjustable to 1% (A M = .1) then
A RT/RrIl <€ .1% as required. It follows from equation A 4,12
that the total;range of adjustment of RT is approximately 5%.
n-12

diode voltage drops can be measured to determine the

If the MSB current, i is 15.ma then the switching

compensation required in the resistors Rk' One such measurement

~gave a range in voltage drops varying from .73 volts at If =

15 ma to .48 volts at I, = 120 pa. For a reference voltage

f
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(E) of 30 volts, the error due to the diode drops varies from

2.4% to 1.6%.

Since the range of adjustm=nt on the fesistors in the

network is approximately 5%, all the resistors R

were
k

calculated to be approximately 2% low to compensate for the

error due to the forward drop across the diodes. Fig. A4-5

shows the set of resistance values chosen for the 8 bit D/A v

converter,

Nominal
Resistance R

OHMS

k

2K
LXK
8K
16K
32K

6UK
128X

256K

~

R(1%)
OHMS
2.1 K
4.12K
8.25K
17.4 K
34,0 K
68.1 K

133 K

267 K

MhaxR
OHMS -
22K
47K
100K
100K
22OK'

470K

1 meg. . 1.

2.2 meg, 2.

Agangi Oft

justment

oHMS Tor Ry
'18K 5.5%
33K 6.3%
68K 6.3%

120K 5.3%
270K 4.7%
470K 6 %

2 meg. b, hg

2 meg. 5.1%

Fig. Al-5 Resistance values for a weighted-resistor 8 bit

D/A converter

If more resolution is required for resistors R the

k,

resolution on the trimming potentiometer MR may be,increased,'

or the range of adjustment may be decreased or a combination

of both may be used.
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A 4.5 D/A Current-Switch Driver Circuits

i

The D/A converter must take the signals from the binary
number source and convert them to suitable current switching

signals of * 1.5 volts. Consider the circuit in'Fig. Al-6,

+3.6 v
é Transistors are
10K = _ 2N3646
0 v N 3V |
B > +1.5 v
1.5 v 0 v
-1.5 v
Buffer 4. 7K

Fig. A4-6 Current-switch driver circuit

Since the kth drivervmust be capable of accepting the current
1 th
k

must be adjusted on the most significant drivers to be able to

from the k branch of the current divider, the resistor Re
-accept this current. For currents ik less than or equal to
7.5 ma, Re = 47000 is adequate. For higher currents, Re must

be reduced.
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APPENDIX V DESIGN OF THE OPTICS SYSTEM

A 5.1 Contour-Tracing Scanner Optical Requirements

The function of the'optics system is to focus the spot of
-light from the CRT onto the page. If the size of an average
character is about 2 mm square, and if approximately 30 increments
are required in eacﬁ dimension, then a spot of light of about
.06 mm diameter is réquired on the page. The spot siie on the
CRT is»approximately .6 mm in diaﬁeter (the diameter varies wifh
the intensify setting), therefore, a size reduction by a factor
of 10 is required. Since a photomultiplier (PM) will be used
to collect the light reflected from the page, there must bé
'enough room between the lens and the page to enable the PM to
be placed so that the light will be'collected at as small an
angle of reflection as péssible and as close to the page as is
. practical. The optical system should be desigﬁed to gather'the
maximum amount of light consistent with low optical distortion,
reasonable cost, and availability of optical components. A
55 mm £/1.8 Super-Takumar Asahi Pentax camera lens was purchaéed
to do éome tests on gathering light from a page using a RCA
931A photomulfiplier. The Pentax lens gave the‘required
definition and working distance (distance between the page and
lens) for the 931A PM; The tests showed, however, that a much
more sensitive PM was required. As a result, a Phillips 53AVP
was ordered. Thé 53AVP however, is a larger tube-ana requires

greater working distance. The working distance required for the
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53AVP was calculated graphically to be 3 inches. This increase
in required working distance causes a change 1in optics des1gn.

Some preliminary calculations based on the thin 1ens
approximation showed that for a working distance of 3 inches (in
a thin lens, the working distance and the image distance are the
same) and a magnification of ~.1, the object distance was 30
inches and the focal length 6.9 cm. If a useable lens diameter
of 1.5 inches is éssumed, ihen thé optical system input solid

-3

angle of light can be calculated to be 1.9 x 10 steradians.
In view of the long length required, the light gathering ability
and the distortion expected in a simple thin lens optical system,

it was decided to investigate a thick lens optical system.
‘A 5.2 Results of the Thick Lens Optics Investigation

A study of thick lens optical syétems [10] revealed that
it was possible to use the Pentax lens in a modified configura-
tion to yield a shorter opticél system with the required_working
distance. Briefly, this was achieved as follows.

The locations of the principle planes, P2 and Pé, in the
Pentax lens were found using an optical bench. It was found
that if a diverging lens was used in front of the Pentax lens,
the iméée space principle plane (1o¢ated at P') for the overall:
optical system could be’forced outside the iens and toward the

image plane. See Fig. A5-1.
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lens\\k’

acuwual
Pentax
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P!

Principle

Wi

7

. ///
/

planes

of modifying lens

Fig. A5-1 Scanner optical system,

Since 8' is measured from.P', s' may be decreased without

deéreasing W, the working distance, provided P' is forced closer

 to the image plane. It was necessary to calculate the required

focal length, f

of ‘the diverging lens and the separation

distance, d, between the Pentax lens and the diverging lens.

Appropriate equations were derived and solved yielding the

optical system shown in Fig. A5-=2.

’

AP AP
5.69 cm 30 [.6
. PP il _jEJ
— PP
To object To image
«— P P P! —
d ———Pp!P! —s
| 8.49 cm ' 5.10 em
f' = 3.7 cm fé = 5,5 cm
W= 7.62 cm (3 inches) s = 40.7 cm
fi = '-6.1 cm s' = 4,07 cm
' Fig. A5-2

Final optical system design..



_ T2
- The overall focal length; f' was calculated to be 3;7 cm
and the input solid angle of light to the optical system was R
fdund td be 1.32 x 10"3 steradians. For an image distance of
4,07 cm, the working distance was found to be 7.62 cm or 3
inches,
To allow for small adjustments in the maghification and B
to exclude extfaﬁéous‘light, a telescope adjustable in length
was built to hold the lens. The magnification was made

adjustable from -.092 to -.11.
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APPENDIX VI THE SYSTEM BLOCK DIAGRAM

"The overall block diagram of the contour-tracing scanner

is presented in Figs. A6-2 and A6-3. The symbols used in the

biock diagrams are defined in Fig. A6-1.

count of three.

Inverter Buffer

' — ‘ Complemented
AND gate ::[§{>~__ Exclusive OR
. gate
] ' N ‘Monostable
' >— NOR gate > Mono L Multivibrator
. (positive pulse output)
tJDD— NAND gate 7 ® 1~ |
. L J-K .
T FF J-K flip flop
—K ‘Qr_
'*{::>”+_'Inverter .
| ' | s 1
S~-R - .
, FF Set-Reset flip flop
"EA[R ob—
)
Reset
. Count of |° ° A two-bit counter with appropriate
— Three gates on the output to detect the

Fig. A6-1 Definition of sjmbols and terminology.



P=0 black spot.

store pulse Y START ,
(mode 1 to 2 pulse) REGISTER P =1 white spot
‘ - DIGITAL mode 1/2 =0, search mode (made 1)
[ A A=l it-inputs mode 1/2 =1, trace mode (mod
=T. e 2
COMPARISON “Jentical ( )
GATES
Y reset Y UP-DOWN -
Y reset pulse COUNTER
to system control .
fogic - braA Y analogue signal :
Y most Y toggle )
significant ’ A CONVERTER
Y up-down :
B a '
clock 1 2 > I X-v
external : »— CLOCK olock 2 UP-DOWN P . ) .
_E;’— CLOCK clock 2 5 - PHOTOMULTIPLIER |41 PAGE OPTICS . |
. i —{ 00 |e——mode 12 0SCILLOSCOPE
tornal / o / X up-down N / '
exter ; - ]
internal switch mode 172 X toggle & bsa . X analogue signal
mode 2ta1 : / CONVERTER 12
mode
pulse X UP-DOWN A
2} mode 1/2
X reset COUNTER B —y
\ DIGITAL g ¢ —» j Xmax toggle
‘ .
U : \ COMPARISON ———>—=— X toggle : '
% GATES X up-down SYSTEM ,mode .I to2 pulse
' t switch ' mode 2 fol pulse
store pulse X START reset swi CONTROL R P
{mode 1 to 2 pulse) REGISTER search switch A
DIGITAL - trace switch LOGIC ——L
COMPARISON l——+S—  “crock 2 B,
GATES . :
X reset X MAX B s / N\g___X reset
Y resef pulse v .
X Y rese
e COUNTER
toggle .

FIG. A6-2

SYSTEM BLOCK DIAGRAM

il



mode 1/2

toggle pulse

/

R

clockz D ‘

mode 1/2

reset
switch 1

D

i COUNT OF A
»{MONO MONO L
‘ THREE '
reset
reset
COUNT OF B,
MONO MONO ——
: THREE
toggle pulse
mode 2 tol!
pulse
reset | < > '
COUNT OF R} S-R s
. THREE FE I
! 0
I count ﬂ
X reset (0 if count of 3)
Y reset

- Y black spot
P=1 white spot
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mode 1/2 =0, search mode (mode 1)

mode 1/2 =1,

mode 1/2

trace
switch At
= +3.6v clock 2
‘ -
R| S-R
—S FF
search !
switch 1
boun; of 3 +
Xmpax toggle

mode 1/2
SN W

FIG. A6-3 SYSTEM CONTROL LOGIC

trace mode (mode 2)

~{mMono H—’-— m:fse’ o2

0
>
12
_ " mode 2 to!
——% MONO —’—’—o—— > S
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