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Library Resources, Inc., headed by
Verner W. Clapp.3 In one of its
metamorphoses, the Copywriter
consisted of a hand-held reading
unit with which the user scanned
the text to be copied and a writing
unit which reproduced the informa-
tion scanned. A cathode ray tube
attached to the unit displayed the
lines being copied so the user could
monitor the copying process.

After this prototype had been
around for a while, some people ex-
pressed interest in using the
Copywriter not only to selectively
copy information in facsimile form,
but to feed that information into a
computer. For this application the
device would not merely have to
“copy” in “analog” form but also
recognize each letter, that is, con-
vert that letter into a “digital” sig-
nal. In 1970, I incorporated this op-
tical character recognition (OCR)
capability into one proposed ver-
sion of the unit. It would allow the
Copywriter to produce a machine-
readable code for each letter,
number, or symbol scanned.! In
fact, this work led to a patent on a
proofreading typewriter.4

From my early contact with
reading aids- for the blind, 1 knew
that many people were considering
the use of OCR for this purpose.
Over the years I had been kept in-
formed of such efforts through
Eugene F. Murphy, director of the
Office of Technology Transfer of
the US Veterans Administration.3
Although many blind people read
Braille books, the books are expen-
sive to produce and bulky. Audio
tapes of books and articles are less

expensive to produce and more
convenient to use, but they too
have their problems. The tape is
only as good as the reader record-
ing it. Readers sometimes stumble
over or mispronounce unfamiliar
words, or swallow the ends of
sentences. Many of those who
record for the blind are volunteers.
It takes many hours of volunteer
time to record a single book.

In spite of the many efforts to
produce audio tapes, much ma-
terial that could be of use to blind
people never gets into a form they
can “read.” Robert Bray, the late
director of the National Library
Service for the Blind and Handi-
capped in the Library of Congress,
and I discussed this problem several
times.3 I might add that most peo-
ple involved in developing reading
aids for the blind never believed
that a substantial market would
ever exist for a machine that would
“read.” In those days no one im-
agined that society would be willing
to pay for expensive devices that
would convert printed matter to
speech for the blind. It is remarka-
ble how rapidly the computer
revolution has changed the percep-

tion of the market for such
technology.
While early researchers con-

cerned with reading aids for the
blind could never get adequate sup-
port for developing OCR tech-
niques, OCR equipment for
business and government applica-
tions became the “in” thing. Eugene
Murphy points out that researchers
into reading aids for the blind
predicted the use of reading
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machines in business as early as
1949.2 The first “practical OCR
scanner” was developed by David
Shepard of the Intelligent Machine
Research Corp. in 1951.6 Since that
time, more than thirty companies
have offered OCR units.7.8

Yet optical character recognition
has had a very rocky history. I can
well remember how OCR was sup-
posed to solve many of the data en-
try problems of business data pro-
cessing. When one considers how
much costly manual labor goes into
data-entry work, it is natural to
believe that reading machines have
a vast potential. But like the prob-
lem of mechanical translation,
there is much more to the problem
of automatic data-entry than meets
the eye.

Standard OCR systems scan a
line or entire page of characters
with a photosensitive device. The
device picks up the variation in
light reflected from each character
and translates the light pattern into
electrical signals. These signals are
compared with representations of
letters stored in the system’s memo-
ry. If a matching signal is found in
memory, the letter is identified.”.8

Character readers differ from
other optical recognition machines
in that they are more complex. You
may have noticed the bar code
preprinted on packages at the gro-
cery store. This Universal Product
Code tells the price of the item and
can be read by a relatively simple
scanning device that can read bar
patterns. However, human beings
can’t read the code. OCR charac-
ters, on the other hand, can be re-

cognized by the human eye as well
as by machine.9

It is in the recognition process
that most OCR systems demon-
strate their limitations. An esti-
mated 300 different type fonts are
commonly used today. In some of
these fonts, many letters are simi-
lar, making it difficult for the OCR
system to discriminate between
them. For example, the letter “I”
and the number “1” may be iden-
tical in some type faces. And they
are both similar to “i”.7

OCR systems also have difficulty
discerning a “zero” from the letter
“0” and the number “5" from the
letter “S”.9 Handprinting or or-
dinary writing is very difficult for
these machines to read.10 And if the
printing of the letter isn’t perfect, if
the spacing between letters isn't just
right, if the work is smudged—the
machine could misread data to be
entered.

Most OCR systems read only
standard stylized OCR fonts. These
fonts were developed by the OCR
industry in cooperation with the
American National Standards In-
stitute (ANSI).9 The fonts were
specially designed and do not ne-
cessarily reflect the type faces that
would normally be used in journals,
books, or newspapers. In order for
documents to be read accurately by
such machines, they must be
printed in one of the standard OCR
fonts. An ANSI standard for hand-
printing was also developed. It re-
quired people preparing hand-
printed documents for OCR input
to shape their letters in a particular
way.

134



In the USSR, a clever system was
developed for the postal service.
The letter writer creates specially
formed numbers in boxes on the
front of envelopes. These manually
created stylized letters can be
unambiguously processed by the
postal system’s OCR equipment.
Figure 1 shows how the numbers
must be written. I saw no evidence
that this system was actually used
during my last visit to the Soviet
Union, but the envelopes are widely
sold.

Figure 1: Numbers in boxes on the back of
an envelope from the USSR show
letter writers how to form
numbers for recognition by the
postal system’s OCR devices.
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Many OCR machines read only a
single standard font. These systems
are used by many businesses and
government agencies to enter data
from preprinted forms. For exam-
ple, when you pay a bill, the top
half of the statement may be re-
turned to the store with your pay-
ment. That statement is often
printed in an OCR font. When the
store receives the payment, the
statement stubs are processed
through an OCR reader which en-
ters your name and account num-
ber into the store’s computer. The
amount of payment is probably
keyed manually by a data entry
operator.

While adequate for many busi-
ness applications, limited-font OCR
was not adequate for the job of
reading texts for the blind. A
“universal” OCR reader was needed

to give the blind person access to
the variety of materials a sighted
person takes for granted. In 1973,
after six years of study, Raymond
Kurzweil, a graduate of the Massa-
chusetts Institute of Technology,
founded Kurzweil Computer Pro-
ducts to develop a print-to-speech
machine for the blind.1! By 1974,
the machine was in its prototype
form. It used OCR techniques to
“read” books and other texts. A
speech synthesizer converted the
recognized words to voice, using
over 1,000 linguistic rules stored in
its memory.12 A blind person could
sit at the machine, and by placing
the text face down over a light
source—similar to a photocopy
machine—have the book read to
him. The machine read most mate-
rials at about 150 words per
minute.13 A newer model reads
about 250 words per minute.

The OCR unit of the Kurzweil
machine converts the letters
scanned to electronic signals. A
special-purpose computer then
takes over. The computer enhances
the image of the letter scanned,
heightening the contrast between
each letter and its background. If
letters are contiguous, the machine
separates them. If a letter is bro-
ken, the machine “fills it in." To
decide which letter is being read,
the machine examines the geomet-
ric properties of the letter. It makes
a tentative identification by com-
paring the geometric features with a
character definition table. The
system then examines the size of the
letter and its position to come up
with the final identification. 4
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A built-in “learning” capability
enables the machine to compare
poorly printed characters with well-
printed characters in the same book
or manuscript. When the machine
is first presented with some materi-
al, it will make occasional recogni-
tion errors. However, it corrects
these errors as the material is read
and the characters are learned. The
Kurzweil reader originally cost
$50,000. But recently the company
came out with a desk-top version
for about $19,000. The desk-top
verston will offer a “hand-tracking
option.” With this selective scan-
ning device, users will be able to
read complicated page formats and
several columned magazines like
Time and Newsweek.

A similar OCR system is being
developed under a National Science
Foundation grant by researchers
Bob Savoie and Pat Erickson of
Telesensory Systems Inc. (TSI) of
Palo Alto, California.l5 TSI was
founded in 1970 by Dr. James Bliss,
formerly of Stanford Research In-
stitute. TSI's OCR system will also
allow the blind to selectively scan
portions of text using a hand-held
scanner similar to the one I incor-
porated in the Copywriter.

This system is designed for peo-
ple who do not need to read
material straight through, but must
skip from section to section. It
could be used, for example, while
reading a magazine article or look-
ing up information in an encyclo-
pedia.15 TSI is planning to combine
this hand-held OCR system with its
Optacon device. The Optacon di-
rectly transforms an optical image

to tactile signals.16 This device was
developed by a team of researchers
headed by John G. Linvill, chair-
man of the Department of Elec-
trical Engineering at Stanford Uni-
versity. The Optacon capability will
help blind people position the scan-
ner on a page. With it, the blind
person will be able to tell, for exam-
ple, if tabulations run across a page
or up and down it. This information
would be difficult to discern with
the scanner alone. As with the
Kurzweil unit, a speech synthesizer
will convert digital output to voice.

At ISI® | we were so excited by
the posstbilities that a universal
OCR reader might have for us that
we visited Kurzweil several years
ago. At that time, the Kurzweil
machine was not designed for busi-
ness use. Of course, we had thought
of using OCR equipment for our
own data entry tasks as long as
twenty years ago. As you can im-
agine, our data entry work-load is
enormous.

We key data from more than
600,000 articles per year to produce
our data base. From this data base
we publish our citation indexes and
other services such as ASCA™ .
Current Contents® itself is not
based on this manual data entry
operation. To input information we
now use key-to-disk equipment. A
data entry operator keys in the
titles, authors’ addresses and biblio-
graphic citations contained in each
article. A second person essentially
repeats the task so that the keyed
data are verified.17

However, when we first con-
ducted research on methods to in-
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put data, we considered everything
from OCR to dictating citations into
tape recorders. From what we have
been hearing lately about commu-
nicating with computers by voice,
the latter approach may someday
prove to be more practical than
OCR.18

Since our visit to Kurzweil, that
company has introduced a so-called
universal OCR business data entry
machine.14 1t differs from the
reading machine for the blind in
several ways. Since the system does
not need to convert text into
speech, the system does not use a
speech synthesizer. And since com-
mercial data entry tasks require
great accuracy, the Kurzweil
system has a built-in method for
operator intervention. When the
system is unsure about the identity
of a letter or character, the letter is
shown on a display screen in con-
text with the letters around it. Its
tentative identification is also
displayed. The operator can agree
with the machine or change the
identification. In this way, accurate
data go into the system.

The Kurzweil universal multifont
OCR reader is a breakthrough in
OCR technology. However, we may
still have difficulty using this
technology at ISI for a number of
reasons. For instance, the system is
now designed to recognize only
Roman letters. We would need a
system that could also recognize
letters from Greek and other alpha-
bets. It will be interesting to see
how well it learns the Ciyrillic
alphabet. At least one manufac-
turer, Recognition Equipment Inc.

of Dallas, has an OCR system that
recognizes Cyrillic,19 so it can be
done.

There is a second and more im-
portant reason we may have dif-
ficulty using a universal OCR sys-
tem. There is considerable syntac-
tical variation in bibliographic cita-
tions. About 18 years ago we did a
study of these variations. We must
deal with several hundred different
citation “parts of speech”—author
and journal names, volume num-
bers, page numbers, year, etc. Our
data entry operators learn to deal
with these variations and must
make intelligent decisions about the
meanings of different numbers. For
example, unless boldface or under-
lining is used to distinguish the
volume or year from the page
number, they are frequently mista-
ken for one another.20

To give you some idea of the
problems we would face using even
a universal OCR, just pick up a
copy of the most-cited journal of
them all—Journal of the American
Chemical Society (JACS).

Let’s assume we want to read the
cover of JACS. This journal has a
gray cover with the name of the
journal written in white letters. The
Kurzweil OCR machine works best
at “reading” white bond paper
printed with black ink. Therefore,
it might have trouble discerning the
characters printed on this journal's
cover. In addition, the word “jour-
nal” is printed in very large letters.
The Kurzweil OCR system treats
every different type size as a new
font and would have to search its
disk file memory to find this size.
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Alternatively, we could dispense
with reading the cover. We could,
as we do now, simply paste a special
computer-generated label on it.
label would identify the journal’s ti-
tle, volume number, issue number,
and date. It could be typed in an
easily recognizable type face so the
OCR system could read it without
problems. In the future, journal
publishers might even print this line
of information on the cover. The
new postal regulations may acceler-
ate this process if the copyright
problem doesn’t.

Having dealt with the cover, we
turn next to the table of contents.
We could pass over this page, since
all the information it contains is
repeated later in the journal. How-
ever, for redundancy and to
double-check, we let the machine
read the contents page line by line.
The OCR device may have no trou-
ble reading most of the titles and
authors’ names on the contents
page. However, some of the titles
may contain Greek letters or math-
ematical symbols—even an occa-
sional integration sign. And often a
title will include punctuation marks
such as commas and parentheses,
that may be difficult for the system
to recognize unambiguously with-
out operator assistance. These may
be critical to the meaning of
chemical nomenclature. Our sys-
tem also would have to deal with
numerous subscripts and super-
scripts.

Of course the OCR machine will
signal the operator each time it en-
counters an unreadable character.
The operator can then give it a little

help. He or she would do exactly
what one of ISI's data entry special-
ists has to do now——create a code
that acts as a substitute for the un-
usual symbol.

As the system reads each title and
author, it will come across an
asterisk after certain authors’
names in the JACS table of con-
tents. The system must “know” that
this is the author who gets the
reprint requests. Some journals do
not identify the reprint author at all
while others use symbols like a dag-
ger or double dagger. All of these
common details will have to be pro-
grammed for each of the thousands
of journals we index. Fortunately,
many of them would apply equally
to a group of journals, but even
American Chemical Society jour-
nals have their own idiosyncrasies.

Next we turn to the first article in
the journal. The machine reads the
title printed in one type face and
the authors’ names printed in an-
other. The authors’' addresses may
be listed in yet a third type style.

In JACS, authors’ names and ad-
dresses are listed below the article’s
title, but this is not necessarily the
case for other journals. In Science,
addresses for lead articles appear at
the bottom of the first page as a
footnote. In the case of technical
reports in Science, addresses ap-
pear at the end of the paper. Our
OCR system would have to be pro-
grammed to recognize an address
when it encounters one in each
journal. Otherwise the operator will
have to provide such information or
it will have to be inserted during the
stage we call “pre-edit.”
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Since we are not now interested
in storing the entire texts of articles,
but only the relevant bibliographic
and citation information, we move
on to the references. Each article in
JACS has an average of 27.3
references the machine must read.
JACS has references that appear at
the end of the article in a section
labeled “References and Notes.”
Some of the items listed there con-
tain other information besides a
bibliographic description of the ar-
ticle referenced. How exactly does
our OCR machine know when the
actual reference begins? It will take
human intervention to help the
computer decide when a citation is
about to begin. Other journals, for
example, the Australian Journal of
Chemistry, put references at the
bottom of each page. These too
would be difficult for the unassisted
OCR machine to recognize.

Let’s assume that the machine
has in some way been programmed
to recognize that the author’s name
always comes first in a reference.
Will it misread citations by anony-
mous authors? How will it deal with
book chapters? Will it recognize the
various type styles used within cita-
tions themselves?

As indicated above, we would
have to program the machine to re-
cognize each journal's citation
style. In JACS, the year follows the
pagination, but in the Journal of
Biological Chemistry, the year
follows the author’s name. This sort
of “trivia” is what makes this ap-
plication of OCR a non-trivial prob-
lem.

To be economical, our OCR
machine would probably have to

read characters much faster than an
operator could key them. It would
also have to be highly accurate. At
ISI we cannot tolerate an error rate
which might be acceptable at some
other institution. If an operator has
to stand by while the machine is try-
ing to resolve the ambiguity of bad-
ly formed characters or to create
codes for unfamiliar characters, the
machine may not be cost-effective.
On the other hand, it may signifi-
cantly increase an individual opera-
tor’s productivity. This will be an
important factor as inflation in-
creases the cost of labor.

Of course the universal OCR ap-
proach to reading text described
above is anything but “selective.”
One could take the pages to be
scanned and mount them in such a
way that the reading of unnecessary
passages is eliminated. Or we could
“mask” parts we didn’t want the
system to read. This is a form of
pre-editing that is very expensive. It
points out an OCR-based Copy-
writer’s possible value for data en-
try.

I suspect that eventually ISI will
wind up with a hybrid OCR/key-to-
disk system. Several of these are on
the market today but they do not
feature universal OCR capabili-
ties.2!1 Then we could key in titles as
we do now, but read in references
that are printed in an OCR format.
A Keysave-type system could be
used to reduce the amount of key-
ing required, insure accuracy, and
eliminate manual verification.1?
Although progress has been made
towards standardizing references,
getting all journal publishers to
agree on a single citation format
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does not seem feasible. But as more
journals use computerized typeset-
ting methods, they may be able to
let us have their input tapes. These
digital records could bypass the
need for data entry and OCR alto-
gether. We are trying to experiment
with such alternatives with a few
large journal publishers. But there
is a lot of programming work in-
volved in such an effort.

For OCR, many hurdles need to
be jumped. Yet the advances made
by the manufacturers of reading
aids for the blind will have tremen-
dous impact on business and gov-
ernment. IS] will continue to follow

the developments in this exciting
field to see if one day we can finally
use a combination Copywriter and
universal OCR in our own opera-
tion. Meanwhile, we salute all of
those who worked so hard develop-
ing reading aids for the blind. I have
no doubt that if the VA could have
been supported in this research we
would have seen an earlier resolu-
tion of the problem. Aund like so
much other basic research the
payoff for the public would be enor-
mous. If we could only put a frac-
tion of our expenditures on ar-
maments into such R&D, imagine
the benefits to all mankind.
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