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An Automatic Voice Readout System
C. W. POPPE" anp P. J. SUHR?

HE rapid development of electronic data processing

systems has created a need for improved man-

machine coupling equipment. In systems where the
human operator is part of the control loop, the need for
optimizing this coupling is even greater. To date, most
display devices have utilized the human sense of sight. Ad-
ditonal opportunities for improving the man-machine
coupling lie in the use of the other senses, particularly the
sense of hearing. The automatic voice readout systems
(AVRS) described here makes use of this sense of hearing.
This permits the operator the simultaneous use of his sense
of sight for other forms of data display.

TyPiCAL APPLICATION

One example of an application of the AVRS is in air
traffic control systems. Such systems are, in reality, closed
loop control systems and many of the well-known closed
loop techniques may be applied to the analysis of them.
Fig. 1 shows a very simple example of the complete loop.

ICOMMUNICATION

Fig. 1—Closed loop control system.

The position of the aircraft is obtained by the radar and
fed to the computing element. The computing element,
depending on the system, may range anywhere from a
sophisticated electronic system to the human controller.
The guidance commands which are outputs of the comput-
ing element must be communicated to the pilot for the
necessary aircraft position correction, As automatic com-
puters such as form part of the FSQ-7, GPA-37, or
TSQ-13 systems become operational, the capability to
control large numbers of aircraft at high data rates re-
quires automatic, high speed communications. Where these
systems are being used today with human operators relay-
ing guidance commands, over-all system performance may
degenerate due to time lags or operator error. This is one
of the big reasons for the great interest and activity in
the development of automatic data links.

t Fairchild Camera and Instrument Corp., Syosset, N.Y.
¥ Marine Div., Sperry Gyroscope Co., Roosevelt Field, N.Y.

HisTory

During the development of the Tactical Air Control
System, AN/TSQ-13, at Air Force Cambridge Research
Center, a project was initiated to develop a voice readout
unit for the digital data display [1], [2]. This unit gated
together previously recorded words to form the desired
voice message. As the readout unit progressed, it was felt
that as a computer readout it could also be used to transmit
the output of the ground-controlled-intercept-return-to-
base computer to the aircraft in the absence of the digital
data link. One problem always present in the system tests
was the shortage of digital data link-equipped aircraft. It
was and still is obvious that it will be many years before
the majority of our operational aircraft are so equipped.
For this reason an automatic voice data link which re-
quires no additional equipment in the aircraft can be used
to match the ground data processing equipment, now be-
coming operational, to the present day operational aircraft.
In addition, it will serve to provide automatic data link
capability for those aircraft which, for various reasons,
may never be equipped with digital data links, as well as a
back-up for the digital data link in the event of equipment
malfunction. It should be pointed out here that the auto-
matic voice data link does not significantly decrease the
bandwidth nor speed up the data rate over that of the
manual operator system, as do the digital links. It does,
however, provide the same automatic, error free ad-
vantages as the digital links while providing improved -
intelligibility over the manual link. Moreover, the innate
redundancy in spoken languages provides the ability to
transmit through some fading and certain forms of jam-
ming.

Returning briefly to the discussion of the history of the
automatic voice readout system, a breadboard unit was
constructed at AFCRC and flight tests were run at L. G.
Hanscom Field in mid-1955. Reports from pilots taking
part in these tests showed that the clear enunciation of the
words and the crisp concise message made for more intel-
ligible -and efficient communication. During the last two
years improved techniques have been incorporated into
a model of this automatic voice readout system at Fairchild
Controls Corporation. It is this equipment which is dis-
cussed here.

DESCRIPTION

The inputs to the automatic voice readout system are the
output commands from the computer. In some cases these
are serial digital or parallel digital, while in other cases
they may be shaft position or analog voltage outputs. The
readout system converts these inputs into a series of mes-
sages, the variable portions of which are controlled by the
inputs. These messages are then transmitted to the aircraft
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Fig. 3—AVRS block diagram.

using a standard voice channel transmitter such as the
GRC-27. Fig. 2 shows a typical message structure. It is
composed of words, one-half second or less in duration.
An unlimited number of message formats may be pro-
grammed and the variable portions controlled by the input
signals. In the example chosen, the aircraft address illus-
trated as red leader, the command heading shown as one-
nine-zero degrees and the altitude shown as 20,000 feet
are the variable portions of the message. In addition, one
or more message formats may be selected by the computer
outputs so that in addition to a command-heading-com-
mand altitude message, a range-bearing message, a landing
assignment message, or any other prescribed format may
be transmitted. The double beep tone transmitted at the
beginning of each message serves to alert the pilot and
to provide an indication of the message beginning. Fig. 3
shows a block diagram of the basic voice readout equip-
ment. It is composed of five basic units.

The word storage unit is the heart of the system. It is
shown in the photograph of Fig. 4. It consists of a mag-
netic drum rotating at two revolutions per second and a set
of recording-playback heads. The drum is approximately
two and one-half inches in diameter, four inches long
and has a nine ten-thousandths thickness coating of mag-
netic oxide. The magnetic heads are spaced one and one-
half thousandths from the drum face and may be stacked,
ten tracks per inch. Such stacking allows about 35 tracks
in the full drum length. Storing one word per track pro-
vides a vocabulary of 35 words, The basic numerals,
“zero” through “nine,” the programmed words such as
“vector,” ‘“angels,” “range,” “bearing,” and twenty call
signs can be included in the 35-word vocabulary. Tt is to
be noted that vocabularies up to 100 words are possible on
a single drum. Such large vocabularies would be required
where large numbers of aircraft call signs were to be used.

All words stored in the vocabulary are recorded in phase
so that during any one-half second interval all words are
being reproduced simultaneously at the magnetic heads.
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Fig. 4—Vocabulary storage unit.

This then allows the sequential switching between heads
to form the complete message.

The switching between heads to form the message is
performed by a relay pyramid. The five digit control sig-
nals required to control the pyramid are supplied from the
coding unit and the synchronizer. The output of the relay
pyramid drives the audio amplifier which in turn feeds the
transmitter or other output devices. The audio amplifier is
of standard design requiring only the equalization neces-
sitated by the magnetic playback heads.

The synchronizer serves as the basic timing unit within
the system. Synchronization pulses are received every
drum revolution, or V5 second, and are used to advance
the synchronizer to the next word interval. The simplest
synchronizer consists of a six-bank, twelve-position
stepping switch. The incoming control signals from the
coding unit are thus sampled in sequence and the pro-
grammed words such as “vector” and “angels” are sam-
pled at the proper interval.

The coding unit will vary considerably depending on
the types of computer outputs which must be accepted.
These must be converted into the five digit parallel code
used to drive the relay pyramid. Diode matrices are used
to provide the digital coding. Coded commutators may be
employed where the computer outputs are shaft positions.

An additional unit is generally required where several
computers are feeding the same voice data link. This
sampling unit which is not shown in the block diagram
must sample the various outputs and feed them one at a
time to the coding unit. It is conceivable that the computer
outputs could be sampled, coded and transmitted in se-
quence, but in all probability a priority system will be re-
quired. This will allow more efficient use of the command
channel since it will be necessary to transmit only when
a command is required. As an example, the original test
model voice data link was programmed to transmit only
when a heading change of ten degrees or more was re-
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quired. With such a system, it is believed that up to six
aircraft may be controlled over a single channel. It is worth
noting that a multichannel voice data link (i.e. a system
capable of transmitting several different channels simul-
taneously) could use a single word storage unit.

OpticaL Unit

One current program at Fairchild Controls Corporation
is development of an optical vocabulary storage unit. Such
a unit employing film strip for audio storage would pro-
vide an easy means of changing vocabularies by simply
inserting a different film disk. The size and weight of the
unit would also be reduced.

APPLICATIONS

A large number of additional applications exist for the
automatic voice readout system. In air traffic control work,
it may be used to advantage with GCI, Return-to-Base and
GCA computers. Where voice communications must be
used but transmitted from a remote site, the commands
may be transmitted digitally from the command center to
an automatic voice data link located at the remote transmit-
ter site. The voice messages are then transmitted to the
aircraft. The resultant system would greatly reduce the
number of land lines or voice channels required from
command center to remote transmitter.

Another important use could be in a multilingual area.
Vocabularies could be stored in several languages for use
in areas, for example, where NATO forces were stationed.
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The complaint against the Frenchman’s English or the
American’s French could be eliminated.

The original concept of this idea is still an important
application. In many radar data processing systems,
cathode-ray-tube displays are used to read out computer
data. Other data can be obtained upon request and may be
displayed on an auxiliary status board. To obtain such
data, the operator generally must divert his attention from
his primary display. Often his dark adaptation is disturbed.
The reading out of this auxiliary data through a voice
readout would eliminate these undesirable points.

A combination data readout and communication applica-
tion is the transmission of weather conditions from un-
manned weather stations. Such stations, located on planned
flight paths, could transmit temperatures, barometric read-
ings and other important weather data to enroute aircraft
either on interrogation or at periodic intervals.

It is believed that these applications represent only a
few of the possible applications of analog and digital to
audio conversion systems.
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Experiments in Processing Pictorial Information

with a Digital Computer
R. A. KIRSCH', . CAHN', C. RAY', axp G. H. URBANY

I. INTRODUCTION

N almost all digital data processing machine applica-
tions, the input data made available to the machine
are the result of some prior processing. This process-

ing is done manually in many applications. Thus, such in-
puts as punched cards, magnetic tape, and punched paper
tape often are the result of a manual processing operation
in which a human being is required to inspect visually an
array of printed characters and to describe these data in
a form capable of being processed by machine. In recog-
nition of the importance of automating such operations,
many investigations have been undertaken to devise auto-

T National Bureau of Standards, Washington, D.C.

matic character sensing equipment. Suppose, however, that
we attempt to view such efforts in proper perspective. We
find a more fundamental problem that has, heretofore,
failed to receive the attention that it warrants. The prob-
lem is one of making directly available to a computer pic-
torial information which would ordinarily be visually
processed by human beings before being fed to a data proc-
essing system. This pictorial information may range from
such highly stylized forms as printed characters, diagrams,
schematic drawings, emblems, and designs through less
stylized forms in cartoons and handwritten characters to
such highly amorphous forms as photographs of real ob-
jects, e.g., people, aerial views, and microscopic and tele-
scopic images.
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In recognition of the importance of pictorial sources of
data for a data processing system, experiments were un-
dertaken at the National Bureau of Standards to determine
whether automatic processing techniques might be applied
to pictorial information in order to reduce the amount of
human intervention required during the input process. In
considering this problem, new areas of the application of
automatic data processing techniques for processing pic-
- torial information have appeared. It had not been suspected
that automatic data processing techniques were applicable

in some of these areas, even if human intervention were’

allowed. The type of information with which these investi-
gations are concerned ranges from the stylized to the
amorphous forms previously mentioned. In the NBS ex-
periments described in this paper, the equipment used
consists of the general-purpose digital computer SEAC, to
which are attached an input scanner for sensing pictures
and copying them into the computer memory, and a
cathode-ray-tube output display for reproducing processed
pictorial information from the computer memory.

II. DESCRIPTION OF THE EXPERIMENTAL EQUIPMENT
A. SEAC

The experiments. described here were performed on
SEAC during a period when the capability of the computer
for performing logical data processing operations was be-
ing enhanced by the addition of several new features. The
state of SEAC at the time of most of the experiments
described here was that of a 1500-word memory computer

-with an average time of 250 microseconds for performing
a three-address instruction. Although faster computers ex-
ist, SEAC was found to have one decided advantage over
these machines, namely, its availability for experimental
use and modification on some frankly exploratory ventures.
The restriction of having to account for every minute of
use on a more powerful machine would have been a seri-
ous deterrent to the production of the experimental re-
sults described here.

B. The Scanner

In order to feed pictorial information into SEAC, it was
considered adequate to construct a simple mechanical drum
scanner which could digitalize the information in a picture
and feed it into SEAC in a few seconds. The scanner is
shown in Fig. 1. The photograph to be scanned is mounted
on a drum about two thirds of an inch in diameter. As the
drum rotates, a photomultiplier and a source of illumina-
tion mounted on a lead screw progresses along and scans
the whole picture with a helical scan. The pitch of the lead
screw is such that the photomultiplier assembly progresses
0.25 mm along the picture for each revolution of the drum.
Between the drum and the photomultiplier, and in the im-
age plane of the optical system, there is an opaque mask
with a square optical hole of such a size that a square area,
0.25 mm on a side of the picture, illuminates the photo-
multiplier at each instant. A strobe disk mounted on the
same shaft as the drum produces optical pulses each 0.25
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Fig. 2—The scanner connections to SEAC.

mm of drum rotation. These optical pulses are arranged
in the format of SEAC input words, i.e., multiples of 44
binary digits. The time for the scanner to scan one photo-
graph is 25 seconds,

C. Method of Input

The scanner was first connected to SEAC in November,
1956. As far as SEAC is concerned, the scanner is just
another input device, and it may be selected by the com-
puter interchangeably with such other input and output
devices as a printer, magnetic tapes, etc. This is shown in
Fig. 2. At any time during the operation of a program if
the input of photographic information is called for, SEAC
starts the drum rotating. The analog signal from the scan-
ning photomultiplier is compared with a dc reference signal
that has been manually determined with a potentiometer
setting. If the light reflected from the 0.25-mm square
being scanned is less than that needed to produce a signal
equal to the reference signal, then when a strobe pulse
occtrs, a binary 1 is fed to SEAC. If a sufficiently white
spot is being scanned, a binary 0 is fed to SEAC.

The result of this operation is that in 25 seconds (or
less) SEAC can, upon demand, call for all (or any part
of) a picture to be fed into its memory. The whole picture
is 44 mm by 44 mm and is thus digitalized into 176 by 176
or 30,976 binary digits, each binary digit representing the



Kirsch et al.: Experiments in Processing Pictorial Information with a Digital Computer

blackness of a unit square 0.25 mm by 0.25 mm in the
picture. The elementary squares cover the whole picture
and are nonoverlapping. The entire picture with one
binary digit per square occupies 704 words of SEAC
memory. One way of recognizing several different levels
of grayness is to use several scans of the picture made with
different manual settings of the discriminator threshold.
The mechanical precision of the equipment is such that on
successive scans of the same picture the scanner reproduces
its scan with a maximum discrepancy of less than 0.25
mm at any point in the picture.

D. Method of Output

As soon as the first picture was fed into SEAC, an un-
comfortable fact became apparent. SEAC could store pic-
"torial information in its memory, but the machine users
could not “see” the picture in the SEAC memory except
by the very time-consuming procedure of printing the con-
tents of the computer memory on a typewriter and attempt-
ing to interpret the numerical information. Fortunately,
however, there was conveniently available a piece of equip-
ment well suited to the task of producing pictorial output
from the SEAC memory. This equipment was capable
of decoding two ten-bit fields in a SEAC memory word
and producing two analog voltages corresponding to the
two sections of the word. There could be up to 96 such
words decoded. The rate of presentation of the output
signals was 23 ke.

The obvious course was to connect these two analog
voltage outputs to the horizontal and vertical inputs on
an oscilloscope and thus to plot points on the face of the
scope corresponding to the information presented by a
computer program for purposes of display. As it turned
out, the display equipment was more than adequately fast
for SEAC, since no program could generate useful display
information that would change at a 23-kc rate.

To display a picture that had been fed into the computer
from the scanner, it was then necessary to write a program
which derived a pair of coordinate numbers for each binary
1 in the picture in the SEAC memory in such a way that
these coordinates corresponded to those of the point in the
picture from which the binary 1 was generated. The pro-
gram then displayed a spot on the output scope correspond-
ing to the spot on the original picture.

As an example of the use of the output display routine,
Fig. 3(a) shows a picture fed into the scanner and Fig.
3(b) shows the same picture reproduced from the output
display. To produce this picture, an artifice was used
which allows the visual effect of a continuous gray scale
to be produced on a single scan. As seen in Fig. 2, there
is a manual discrimination threshold setting. Ordinarily,
this setting determines the level at which black is distin-
guished from white. To scan the picture of Fig. 3 this
discrimination threshold was varied with a sawtooth
waveform at a.frequency approximately one half that of
the strobing frequency. The result was to produce the
familiar “halftone” effect in which the density of uni-
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(a)

(b)

Fig. 3—(a) Grey-scale photograph. (b) Computer
halftone reproduction of (a).

formly black spots is proportional to the blackness of the
original picture. The picture display routine produced the
output photograph.

ITI. EXPERIMENTAL INVESTIGATIONS

‘With the equipment that has been described, a series
of experiments were initiated with the goal in mind to pro-
gram SEAC to recognize patterns of the type recognizable
by human observers. As a first step toward this goal, it was
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decided to produce a library of picture processing sub-
routines which an investigator could use in programming
pattern recognition. This section describes the library of
routines that were written.

In pattern recognition the aim is to reduce the amount
of information to the minimum necessary for recognizing
one pattern from a group of patterns. In these experiments
the approach was to develop a library of computational
processes for simplifying patterns in order to obtain their
most significant features. Preliminary experiments were
concerned with determining those manipulations which
would prove to be the most informative, The compilation
of discrete routines for the performance of these elemen-
tary manipulations would provide the basis of a flexible
system for simulating many widely diversified pattern
identification logics. After determining the intended course
of his pattern analysis, the programmer needs only to re-
fer to this file and to select those routines which in com-
bination will best serve his purpose.

Furthermore, it should be possible for the analyst to
sit at the computer console and to draw from this tape
library several routines which he will select pragmatically
after studying the results of any preceding operations, and
thus guide the computer step by step toward recognition
of the pattern being studied. We distinguish two forms
of output in these routines—numerical data and trans-
formed pictures. Numerical data can be read directly from
the computer but pictorial information must be converted
“before it can be displayed by the picture output scope. The
picture display routine is used in such cases.

One of the simplest routines in the library counts the
total black area in a pattern. This program examines each
bit in sequence and tallies when the bit represents a black
area, Advantage is taken of the fact that in many patterns
there will be numerous words that are all black or all
white. By comparing whole words against constants of all
zeros or all ones, much time is saved. The area counting
process requires approximately thirty seconds on SEAC.

Pictorial information is an extremely informal sort of
information to feed into a computer; it is not stylized in
the 'same sense as numerical or alpha-numerical informa-
tion. This is one of the fundamental differences that must
be faced in operating upon pictorial information. For one
thing, pictorial information often contains a good deal of
redundancy. The pictures obtained from the SEAC picture
input equipment require about 30,000 bits of computer
storage. However, the total number of bits of information
in the pragmatic sense of the term is probably somewhat
less than 100. In view of this fact, a routine was written
to provide the data necessary for efficient encoding of pic-
tures. The routine analyzes pictures and tabulates the num-
ber of runs of each length of continuous black or white
points as they appear in the picture. On the basis of these
run lengths it is hoped that we will be able to determine an
efficient method of statistical encoding for these pictures.
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Fig. 4—“Blobs” counted by SEAC.

Object No. Area
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Fig. 5—Areas for each of the objects in Fig. 4.

One possibility is the use of the so-called Shannon-Fano
codes [5]-[8] which assign symbols of varying lengths to
the different run lengths to minimize the total code length
required for any given picture. Preliminary investigation
shows that code compressions of the order of at least from
6 to 10 times are possible.

Another routine counts the number of separate noncon-
tiguous black objects (blobs) and measures their separate
areas [9]. Due to the restricted memory capacity of
SEAC, the routine cannot analyze a full-size input image.
Therefore, the image is compressed in the horizontal di-
rection by a factor of four. The routine is devised to scan
sequentially through the image until a black point is found,
then to move systematically through the blob, counting its
points and erasing them until the blob is completely re-
moved from the image. Because the compression in one
dimension is not linear, the computed areas are only ap-
proximately proportional to the original areas. The blobs
are traced so that objects with re-entrant profiles and non-
simply connected objects will be recognized as single ob-
jects. The time required for SEAC to count blobs in an
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(2) (b)

Fig. 6—(a) Letter L with center of gravity.
(b) Letter L translated.

Fig. 7—Boundary of letter L.

image depends upon the number of blobs and their total
areas. An example of the use of the blob counter on the pic-
ture of Fig. 4 is shown in Fig. 5, on the preceding page. The
area of each blob has not been corrected for the factor of
4 compression.

A second blob counter, which operates with full preci-
sion but does not give the areas of the individual blobs, has
been planned, but not yet written. This routine examines
each bit and its immediate neighbors, generating a tally of
each new occurrence of a blob and adjusting when parts
of blobs merge or diverge. Nonsimply connected blobs re-
quire special checking. There is no limit to the size of the
image that can be handled by this routine. The time re-
quired on SEAC to process any single pattern from the
scanner would be one minute.

Another simple code computes the center of gravity of
a pattern and translates the pattern rectilinearly so that the
center of gravity is at the midpoint of the image. Fig.
6(a) shows a pattern before translation and Fig. 6(b)
shows it after translation. The boundary of the square and
the center of gravity are shown as bright spots in the pic-
tures, The translating routine can use any given set of
coordinates to determine the shift.

Fig. 7 illustrates the result of a routine which computes
what might be called a “first derivative” of the pattern.
Each 3-bit square is examined; if all nine bits are black
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@ (b)

(0) ' @

Fig. 8—(a) Letter L custered and complemented two times. (b)
Letter L custered and complemented four times. (c¢) Letter L
custered and complemented eight times. (d) Letter L custered
and complemented sixteen times.

the center bit is replaced by a white bit. The computer op-
erates on three rows at a time, forming logical products of
all combinations of each bit with its adjacent bits. These
products are, in turn, logically multiplied to produce the
final result in which black bits remain only when one or
more neighboring bits are white. The effect of this so-
called “custer” operation is to preserve the boundaries of -
a pattern and to erase all the internal areas [10]. Fig. 7
shows the result of computing the boundaries of the letter
in Fig. 6. Notice that the boundaries contain most of the
significant information of the original picture but require
fewer bits. The time required for one “custering” opera-
tion is seven seconds.

It was suggested that a thin line representation of cer-
tain patterns could be obtained by computing the boun-
dary, reversing the image (4.e., forming the binary comple-
ment), recomputing the boundary, etc. Upon considera-
tion it became obvious that this treatment would not pro-
duce the proposed result, but the idea aroused considerable
curiosity as to what it would produce. As a result of per-
forming this process, it was found, in fact, that the image
became more complex and difficult to analyze. In Fig. 8
there are four pictures of the “custered” letter L of Fig. 7
after it was “custered” and complemented a varying num-
ber of times. It is interesting to note that the small dust
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(@ (b)

Fig. 9—(a) Letter P with random noise.
(b) Expanded section of (a).

(a) | (b)

Fig. 10—(a) Fig. 9(a) custered and complemented.
(b) Expanded section of Fig. 10(a).

speck in the lower left-hand corner of Fig. 7 grows much
larger in successive pictures, and merges with the L in
Fig. 8(d). The next set of figures shows a very surpris-
ing result of the custer and complement operation. A pro-
gram was first written which superimposes controlled ran-
dom noise on a photograph of a letter P to produce Fig. 9.
- This noisy letter was then custered 50 times to produce
Fig. 10. The “noisy” letter in Fig. 9 is still clearly recog-
nizable in Fig. 10 even after being operated on 50 times.
Thus, the “custer and complement” is a process which
seemingly preserves the information in a “noisy” picture
but degrades the information in a “clean” picture.

In addition to these routines, some other simple routines
have been written. These include routines to superimpose
pictures, to smear pictures by translating and superimpos-
ing them, to magnify pictures so as to make their fine de-
tail visible, to record pictures in permanent form on tapes
and wire, and a routine to analyze a set of pictures to de-
termine the number of spots that are always black or al-
ways white in the set of pictures.

These routines perform elementary operations, although
in some cases, such as “custer and complement,” the re-
sults of the operation have far from trivial explanations.

Some applied investigations have been undertaken to
utilize the potential of this new equipment. Such prob-
lems as character recognition, aerial mapping [11], and
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automatic encoding of the chemical information in chemi-
cal-structure diagrams [12] are included.

Much interest has been developed in simulating char-
acter recognition logics by some of the preliminary experi-
ments such as those of Greanias, et al., of IBM [2]. The
present picture scanning equipment adds to the practicality
of simulating recognition logics with computers by provid-
ing a convenient source of data input. We plan to simulate
some of the logics that have been proposed such as the
“peek-a-boo” system, in which characters are recognized
by locating the key points in a picture that characterize
letters uniquely.

An attempt is being made to program the computer to
generate elevation contour lines from aerial photographs.
The relative elevation of ground points can be determined
from two aerial photographs of the same area taken from
different points in space by measurements of the apparent
displacement of the elevated points. Some simplifying re-
strictions were made to reduce the problem to a convenient
size for a first attempt. The photographs to be used were
assumed to have been restituted to correct for tilt of the
focal plane and oriented so that the overlap or shift of
ground points occurs only in the x direction. It is much
less involved to deal with one-dimensional shifts than the
two-dimensional ones.

The contours are determined in three steps. First, simi-
lar areas on the two photographs are identified by checking
units of 44 bits for the correspondence of at least 39 of the
pairs of bits. Groups of bits that are mostly ones or zeros
are not compared. Next, the pictures are shifted with re-
spect to each other to bring them into alignment. Finally,
all points with the desired parallax are computed and
stored in the contour diagram picture. The first two steps
of this program have been completed. The parallax de-
termination and the preparation of output photographs re-
mains to be done.

Another intriguing problem is to find a way that a ma-
chine could “look at” a diagram, such as a chemical struc-
ture diagram, and characterize it uniquely. The work to
date has not been concerned with the more symbolic in-
formation that appears on structure diagrams, such as ele-
ment symbols, double bonds, etc. We have attempted to
treat only simple nets composed of vertices and bonds
drawn between them. The connection pattern has been
treated as a topological net and we are not concerned with
such things as size of angles, length of lines, width of
lines, and line breaks, The program we have been working
on will first locate most of the vertices by counting the
number and extent of clumps of “black” spots in each
line of a picture in both vertical and horizontal tracings.
Where these numbers change between successive lines a
vertex is indicated. Then, starting at a vertex the bonding
pattern could be traced from vertex to vertex. Thus far,
the programming is in a preliminary state. The actual cod-
ing and handling of the “housekeeping” procedures re-
mains to be done.
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IV. SomME UNSOLVED PROBLEMS

Thus far the discussion has been concerned with a re-
port of experimental investigations. To those familiar
with the application of data processing techniques to new
fields, it should be apparent that such experimental inves-
tigations generally lead to the formulation of new prob-
lems in the two areas of higher performance equipment
design and proper utilization of such equipment. The
problems in automatic processing of pictorial information
that occur in these two areas will be formulated here. To
the knowledge of the authors, no solutions to these prob-
lems are available.

A. The Development of a High Performance Picture
Scanner for Computer Input

In using a digital computer to process pictorial infor-
mation, it is unthinkable that any large quantity of pic-
torial information should be scanned and stored on con-
ventional computer storage media like magnetic tapes un-
less a tremendous amount of reduction of information has
first taken place. The maxim that “one picture is worth
ten thousand words” is probably overly optimistic for
fairly common sources by about three decimal orders of
magnitude, if a “word” means 25 to 50 bits.

This estimate is based on a comparison of the number
of binary digits needed to describe highly stylized infor-
mation in pictorial form and in such a form as to describe
only the “meaning” conveyed by the picture, This means
that in applications where it is either not possible or not
practical to encode (and thereby reduce) information in
a photograph, the best way to store a photograph is in its
original form.

However, to make such information available to a com-
puter, equipment is needed that will mechanically handle
photographic information and that will be able to sense
the information for input to a computer. The mechanical
handling can probably be solved in many ways. Such de-
vices as a microfilm rapid selector might be appropriate.

For the optical scanning of the photographic informa-
tion, however, it appears that a device with performance
somewhat better than conventional cathode-ray-tube fly-
ing spot scanners is required. If we assume an average
document size of 8 X 10 inches then the scanner must be
able to resolve a field of the order of 10% X 10® = 10¢
spots. Although it is seldom necessary to scan a whole
pictorial source with this resolution, any section of a pic-
ture must be capable of being resolved with this precision.
The data rate for a computer like SEAC should be 1
megacycle. Thus, if it is necessary to scan a whole field,
it should be possible to scan the 10° bits in one second.

It is anticipated that with such a scanner, the computer
would first direct the scanner to locate information. The
most straightforward way to do this would be to have a
defocused scan or perhaps several different levels of de-
focusing. Thus a field of 2% X 21 bits might first be
scanned with a raster of 32 X 32 spots. Since each spot
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would cover in turn an area of another 32 X 32 elemen-
tary spots, it would be necessary to be able to get some-
thing of the order of a 10-binary-digit reading of the light
value from any spot. It would be unreasonable to expect
an accuracy in such a reading, but such precision would be
required, In other words, upon successive scans of the
same large square array of 32 X 32 elementary spots, the
same reading should be obtained within 1 part in 2°, even
though the reading itself is not accurate. The inaccuracy
can be compensated in the computer programs.

In addition to the performance of the actual scanner, it
would be desirable that the computer be able to specify
certain types of front-end processing which would be done
by suitable fast analog equipment, e.g., time differentia-
tion of the scanning signal and insertion of logarithmic
response functions. Certain simple analog operations per-
formed on the scanner signal can save a great deal of com-
plex processing by the digital computer.

With a scanner such as this and with suitable mecha-
nisms for motion of the photographs, it would be possible
to get the photographic information into a computer at a
rate comparable to the present processing rate of the com-
puter. The next problem would be hiow to use this infor-
mation.

B. The Effective Use of a Picture Processing Computer

It was stated at the outset of this paper that an aim of
the present investigations is to automate some of the visual
processing of information done by human beings. The be-
ginning of the processing operation is, logically, the state-
ment of requirements. Therein lies the rub! We can state -
our requirements to a human being and expect some in-
telligent performance but we do not know how to do this
with a computer program. There seems to be fairly uni-
versal agreement among people as to what constitutes a
picture of an automobile, a letter “e,” or the President of
the United States. This ability to recognize patterns is not
learned the way the ability to multiply numbers is learned.
Most of the pattern recognition ability of people exists on
a nonarticulate level. In order to program a computer to
duplicate this pattern recognition ability, it is necessary to
make explicit the techniques that people use and then in-
strument these techniques in computer programs [13].

To accomplish this we require an automatic program-
ming technique in which macroscopic patterns can be de-
fined in terms of more simple ones [14]. This type of tech-
nique which would assume the nature of an automatic
compiler would eventually enable a programmer to de-
scribe familiar objects in terms of other more simple but
nevertheless familiar objects. Thus a linguistic formalism
would be constructed which would continue to approach
closer at successive levels of approximation to the for-
malism used by people in describing pictorial information.

Experiments are being initiated at NBS-on the construc-
tion of such a compiler, however, there are no results
available yet. :
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V. AREAS OF APPLICATION OF PICTURE PROCESSING
TECHNIQUES

Much of the work described in this report was moti-
vated by the promise of application in the solution of im-
portant problems. Other areas of application have sug-
gested themselves as the work progressed. We discuss be-
low those classes of applications.

A. Analysis of Pictures

In this class of applications it is desired to subject a
picture to an analysis, the result of which is to produce
some alphabetical or numerical data. The picture itself has,
in principle, no value for retention after the analysis. It is
desired to abstract some information from the picture and
store this.

The first application in this area occurs in information
retrieval of the type practiced in the U.S. Patent Office.
Documents containing drawings and schematics are to be
stored for purposes of subsequent reference by a com-
puter. If a drawing can be coded so that an equivalent one
can be reconstructed from the code, this is sufficient for
storage purposes. Obviously, such pictorial considerations
as-the quality of the lines in a circuit diagram need not be
preserved in the code. Thus we are led to the attempt to
recognize by machine such configurations as chemical
structure diagrams, electronic circuit schematics, and
drawings of mechanical configurations. These problems
show promise of yielding to the type of investigations de-
scribed here. '

Within the same class of analysis applications fall the
problems that involve counting objects in a picture. Here
we have such cases as the counting of particles in micro-
photographs of metallic structures, classification of parti-
cles in biological preparations, and analysis of tracks of
nuclear particles. In the area of astronomy, knowledge
comes mainly from photographs taken through telescopes
or other instruments and the analysis of these pictures now
requires considerable time in order to generate a rather
large body of data. Picture processing techniques might
be used for such problems as computing star positions and
proper motions, evaluating star brightness or magnitudes,
and automatically setting up star catalogs.

B. Transformation of Pictorial Information

In this class of applications, information is to be pre-
pared for visual consumption by human beings. Generally,
the information is originally in such a form that it cannot
be used by human beings. The question will be left un-
answered whether human beings may be replaced by auto-
matic processes as visual consumers of the information
produced in the applications in this class.

The first such application occurs in photogrammetry.
A stereo pair of aerial photographs is to be processed to
produce an elevation contour map. By techniques based
on principles described, it is believed possible to use a digital
computer to generate elevation contour maps. If investiga-
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tions in pattern recognition proves successful, it may even
be possible to superimpose cultural information upon maps,
the whole process occurring automatically.

Another application of these techniques to the transfor-
mation of pictures was suggested to the authors by M. L.
Minsky of M.IT. Picture processing techniques could be
used to develop a good reliable set of photographs for the
planet Mars. We know that one of the main reasons that
a good photograph of Mars doesn’t exist is that there very
rarely are conditions of perfect seeing where the entire
disk of the planet is clearly visible and all of the details on
it are plainly visible,

There are, however, several million frames of motion
picture film that were taken of the planet Mars during its
opposition. By an analysis of these photographs, abstract-
ing those bits that represent good clear seeing in any one
frame and putting them together to form a composite pho-
tograph of the disk of the planet, we may be able to get a
good reliable map of the true features of the planet.

C. Simulation of Picture Processing Systems

In this class of applications, the digital data processing
system in conjunction with its picture input and output is
used to simulate the behavior of a system or the model of
a system that processes pictorial information.

The most obvious use of such simulation techniques
occurs in applications to character recognition studies.
Fairly complex character recognition devices can have
their behavior simulated by a data processing system. In
this way devices can be “flown on the ground” without the
necessity of costly construction of apparatus,

A more unusual application of such simulation tech-
niques occurs in the field of experimental psychology. In
attempting to explain human vision, theories have been
propounded which are subject to analysis by simulation
techniques. Many operations that have neurophysiological
counterparts can be programmed on the type of research
facility described here [15],[16]. It is to be hoped that
the eventual use of general purpose picture processing sim-
ulation techniques will aid in encouraging the formula-
tion of more ambitious theories of the functioning of the
human visual process.

VI. CoNCLUSIONS

In this paper a new type of research facility has been
described which allows complex investigations to be made
into the nature of pictorial information and into ways in
which computers may be programmed to process such in-
formation with the same comparative ease that character-
izes human processing of visual information.

The apparatus described here as well as the experi-
ments performed are strictly of a research nature. Conse-
quently no conclusion should be drawn as to the practical-
ity of such processing as is described here. Before such
applications become practical it will be necessary at least
to solve the type of problems described here, namely, those
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of the design of high performance scanning equipment
and the development of automatic techniques for the rec-
‘ognition of visual patterns,

The applications “of automatic pictorial information
processing techniques described here are not meant to rep-
resent the most important applications that can be -antici-
pated. They are, rather, meant to illustrate typical classes
of processing techniques that can be automated if experi-
ments of the type outlined here lead to successful con-
clusions.
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IRE TrANSACTIONS oN IN-

Discussion

V. M. Wolantis (Bell Telephone
Labs.): Do you find it satisfactory to dis-
tinguish only between black and white
rather than a. number of shades of gray?

Mr. Kirsch: No, that is often not ade-
quate. For purposes of looking at sche-
matic diagrams or printed characters, two
values of light intensity are adequate.
However, for looking at the most inter-
esting . types of pictorial information,
people’s faces and so on, we should like to
distinguish several shades of gray. What I
showed you was a poor compromise be-
tween having full gray scale rendition and
havine only the black and white rendition.
In the photograph of the person’s face,
what we were doing was sacrificing some
of our resolution in order to get some gray
scale information, but certainly ideally we
would like to have considerably more gray
scale information.

Mr. Wolantis: To what extent would a
TV camera help solve the problem you
mentioned near the end of your talk?

Mr. Kirsch: A TV camera would help.
We would like to scan a million-bit pic-

ture in a second, but we also want to be
able to deflect to any spot or zone on the
picture with an access time of a few micro-
seconds.

For the purposes of using the picture as
a computer memory, which is after all
what we were proposing that the high
performance scanner do, we would want
considerable reproducibility of scan. We
would want the scanning device to go back
and look at the same picture any number
of times over the course of a machine
computation, and be able to copy the same
information; 1 don’t know whether a
standard TV camera type of scan is capa-
ble of that type of performance.

Mr. Rellis: Can you state time required
to execute some of the programs cited?

Mr. Kirsch: Yes. The custer and com-
plement for one cycle takes seven seconds
and thirty seconds to take the area of a
whole picture. To generate the coordinates
of the output point from the information
in the memory for a whole picture of
30,000 bits takes about one minute.

The most time consuming of the rou-
tines is the blob counter, which is a func-

tion of the complexity of the image being
blob counted, and here that routine will
take anywhere from about a minute to per-
haps three minutes, or even more. How-
ever, these numbers are a reflection not of
the intrinsic complexity of the processes,
but rather of SEAC computation time, and
an indication of that speed is that the
SEAC add time is about a quarter of a mil-
li-second. So you can see that a faster ma-
chine certainly would be able to do the
processing more rapidly. It turns out, how-
ever, that by way of impedance matching
the operator’s thinking time with the com-
puter, this is not really too slow. The ma-
chine can test out an idea at about the rate
a person can generate it.

Mr. Rellis: Has any consideration been
given to the similarity between multiply-
custered black objects on white, and fin-
gerprints?

Mr., Kirsch: Yes, many people have
suggested this, and although we haven’t
done any serious investigation, some people
have also suggested that perhaps by doing
inverse custering on a fingerprint, one
might get a picture of the criminal’s face.
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Optical Display for

InTRODUCTION
DUE TO long experience in the field of business

machines, Burroughs has always been alert to the

fact that human operators are important links in
most computing and data-handling systems. Because of its
versatility, this link fills in where unattended techniques
are still insufficient, where decisions must be made in prob-
lems of extremely variable or unpredictable nature, and
where monitoring and manual intervention may be needed
due to functional failure.

One type of display device has been developed at the
Burroughs Research Center for conveying to operating
personnel the output information of data-handling sys-
tems. These devices utilize an optical medium known as a
lenticular screen. Such a medium consists of a large num-
ber of very small lens surfaces, either cylindrical or spher-
ical, placed substantially in one plane of the lenticular
screen and having a common focal plane in which are re-
corded in a space-sharing fashion the image elements of
prerecorded messages.

.Electronic engineers may be more familiar with the len-
ticular structure as used in the Lawrence television tube
than with optical lenticular screens. The functional simi-
larities are there, but the methods of design treatment, the
various degrees of freedom, and the techniques of creating
physical embodiments are sufficiently different to preclude
considering the electronic and optical lenticulars as equiva-
lent.

There have been numerous commercial applications of
the lenticular medium. Its first major appearance was in
decorative, dispersing, window glass not uncommon about
50 years ago. Here the cylindrical ribs, 0.1 to 0.5 inch
wide, served the purpose of presenting a repeated series of
prism angles effecting a transverse dispersion. No preci-
sion was required, The same principle is used in some
rear-projection screen designs and in single azimuth dis-
persion of light sources such as sealed-beam lamps.

These applications utilize lenticular screens without
need for any precise focal plane and no image informa-
tion is carried by the screen itself. The minimal precision
allows some of these to be made of molded glass. In other
uses of the medium, the focal plane of the lenticules has
an important function and carries prerecorded image in-
formation. Here the additional precision usually prescribes
that the lenticular elements be molded or cast in plastic.
We will mention a few ; their geometry will become clear
when we describe the principles of lenticular output-data
displays.

t Burroughs Corp., Paoli, Pa.
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Data-Handling System Output

JAMES OGLE'

In one type of three-dimensional photography, the len-
ticular screen is used for displaying consecutively differ-
ent aspects of an object as might be seen by walking
around the object, each aspect being visible only to an ob-
server’s eye viewing the display at the angle from which
the aspect was photographed. Within certain audience
limitations, the two eyes of the observer can see two dif-
ferent aspects, thus giving true binocular vision of the ob-
ject. Likewise, a simpler use is that where unrelated im-
ages are made to appear consecutively as an observer’s
angle changes. These unrelated images may be messages
which appear to flash on and off, eyes that wink, and other
more or less sophisticated material.

BurrouGHS LENTICULAR DiSPLAYS

An optical design is usually interesting in that it can be
operated in either direction, in other words, the ray trace
is usually reversible. This is the case in the lenticular
screen. We note immediately that if an illuminator is sub-
stituted for the observer in the last examples given, only
that image which the observer was able to see will be il-
luminated (see Fig. 1). Now if a device is constructed
containing at its rear end a number of lamps or a plural-
ity of filaments, there will be associated with each illumi-
nator discrete areas, one for each lenticule, in the focal
plane of the lenticules. In the case of cylindrical lenti-
cules, these will be narrow lines; in the case of spherical
lenticules, these will be small areas the shape of which will
depend upon the configuration of the filaments. Now if
the focal plane of these lenticules carries a photographic
emulsion and if a stencil or negative is interposed between
a light source and a lenticular screen and if this light
source is made to occupy consecutively the positions of the
filaments in the final device, it will be sufficient to make as
many exposures as there are messages, substituting a new
negative each time the light source is moved to a new posi-
tion. An appropriate diffusing screen placed over the de-
veloped lenticular will allow the illuminated image to be
visible to a sufficient audience.

TecENIQUE AND DESiGN CONSIDERATIONS

A number of difficulties is encountered in the use of
this technique. First is the art of engraving master-die
surfaces in order to generate with adequate precision and
optical quality the minute surface elements involved.
Another is that of designing a system in which there is,
in general, only one surface to work with. Ordinarily an
optical device, such as a photographic lens, will have a
number of air-to-medium surfaces, thus enabling the op-
tical engineer to introduce the necessary corrections to
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Fig. 1—Geometrical schematic of one-azimuth lenticular digit dis-
play. Two of the ten light sources are shown with their associ-
ated ray trace and image records. Lenticular screen carries
cylindrical surfaces with horizontal axes.

assure that a substantial number of discrete image points
can be resolved through the desired pupil. We have found
that cylindrically-ribbed (t.e., single azimuth) lenticular
media can be made to resolve up to 10 images with ade-
quate lack of crosstalk for a display purpose.

A practical technique for constructing two azimuth len-
ticular screens consists of placing two cylindrically-ribbed
screens face to face with the axes of the cylinder of one
screen at right angles to those of the other. The adjoining
boundaries of the cylindrical elements now define square
cellular pupils within each of which the refractive per-
formance is similar to that of a spherical element (see
Fig. 2). '

Two azimuth systems of crossed lenticular structure
can resolve in excess of 20 separate channels.

We have found that the quality of a screen image as
seen by an observer does not yield readily to analysis into
quantitative information of brightness, contrast and cross-
talk, and that partly empirical designing and direct ob-
servation of models are still the most reliable ways of
obtaining a conclusive analysis of a new application.

The light-handling capacity of these displays is of some
interest because its analysis will largely determine the
class of light source which is necessary today. If we con-
sider the image-record plane, it is immediately clear that
the luminance of any image area can never exceed that of
the source divided by the number of messages. Consider-
ing further that the relative aperture of each lenticule is
limited by optical-design considerations, we find that a
further luminance reduction will occur as the outcoming
flux is dispersed in order to satisfy a suitable audience,
(except in certain special cases where a restricted audi-
ence can be tolerated). Further, certain clearance margins
in the optical geometry must be allowed. These must take
into consideration the mechanical tolerances of the light
sources themselves, the mechanical tolerances of the as-
sembly, the geometrical optical aberrations of the rudi-
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THIN PRESSED
PLASTIC ON GLAS

SPHERICULAR
EQUIVALENTS

Fig. 2—Two-azimuth lenticular display. Ray trace through screen
shown for “equivalent sphericles.”

mentary lenticules, the phenomena of physical optics
(since these lenticules are usually very small), and the re-
maining imperfections in the manufacture of the lenti-
cules. When all these factors are taken into consideration,
as well as the absorption factors which are inevitable in a
system involving several surfaces, we find that the only
practical illuminators for applications where the ambient
light is of an office level (30 to 60-foot candles) are tung-
sten filaments and that further, for practical reasons, these
tungsten filaments should be operated at low enough tem-
perature so as to obtain consistently acceptable life. Typi-
cal embodiments specify filament currents from 80 to 200
ma and wattage from 0.5 to 1.5.

Locic aANp Economy

The information-handling capacity of such a device is
of some interest. If there are N channels or resolved im-
ages in each of L “sphericules” in the crossed lenticular
system, then the total information recorded in this system
should be NL bits. Clearly, the same information could
be handled in a system having N objectives provided that
each of such objectives was able to resolve L bits of im-
age information, We are familiar with the 35-bit (7 X 5)
minimum matrix for the presentation of an individual al-
phanumeric character. One also finds immediately that
reading reliability and operator acceptance increase rapidly
if the number of bits per alphanumeric image is increased,
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say by a factor of at least four, and continues to improve
appreciably until good graphic freedom obtains with a
matrix of 20 X 28,

The economical question then becomes one of determin-
ing whether for a particular application it is more desira-
ble to utilize N objectives (in N small projectors) each
resolving L bits, or L equivalent sphericules each resolv-
ing N bits. We find that a numerical display will be
slightly more economical when built with a lenticular than
it would be built with a projector battery and that this
advantage increases as the amount of information per
channel increases.

An example of a large information display developed
for a link in the SAGE system is illustrated in (Fig. 2).
There are 20 channels in this display. The used screen
area is six square inches and each channel carries 3600
bits per square inch, This particular display was devel-
oped to replace a battery of signal lights and represents,
we believe, a tool which the human engineer can use to
good advantage to satisfy what might be called the system
requirements of a human operator. Interestingly, the hu-
man link in a system is the one least susceptible to rede-
sign. With substantial training, an operator can learn to
utilize unfamiliar information codes, but in the final anal-
ysis we will always find that, as an information-receiving
center, the operator is a noisy device. It behooves us,
therefore, to address such a device with signals which will
activate the various functional aspects of the individual
and also supply a sufficiently large amount of information
so that these recognition and reaction functions can oper-
ate reliability. Thus, one might argue that the signaling of
one out of 20 pre-established messages constitutes relaying
information of no more than five bits for each message,
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whereas the fully flexible tool in this instance utilizes over
20,000 bits and that the device is thus extremely redun-
dant. However, when these highly redundant patterns can
be generated basically by one molding operation and one
photographic operation for each message, the potential
economy is self-evident,

Control complexity of the lenticular displays is natur-
ally greater than that of coded displays. In the previous
example some means must be provided to deliver more
than five control lines to the display. One solution is to
apply power to one out of N (in this case 20) leads.
N + 1 leads must then be brought out of the device. For
maximum application freedom we prefer to bring out
both ends of each filament. This may allow the user to
simplify his decoder. Due consideration must be given to
sneak paths. In general, the glow of a filament in a sneak
path will be negligible if the voltage across the filament is
no greater than one third of the operating voltage. The tol-
erable sneak path will vary depending upon the type of fila-
ment, the type of display and the application requirements.
The individual application should be examined. Relay de-
coders have been used successfully to drive 10-channel digit
displays where sneak paths included three filaments in
series.

ConcLusiON

The lenticular medium lends itself to space-sharing dis-
play purposes in many applications. If the lenticular art is
mastered, good manufacturability can be obtained. Power
requirements are not negligible, the devices being best
suited to low-voltage, high-current applications. Where
electrical requirements can be met, excellent graphic free-
dom is obtained and this can materially assist the human
engineer.

Devices for Reading Handwritten Characters
T. L. DIMOND?

N THE LAST five years, much thought and effort
have gone into the development of printed character-
recognition devices. Varying degrees of success have

been achieved. In some cases, ingeniously distorted type
faces have been required. One might wonder why all this
interest exists. The answer is simple. Character-recogni-
tion devices help reduce the substantial cost of getting in-
formation into forms that computers can understand.
However, in creating devices that read printed or even
typed characters, we are not reaching back far enough

t Bell Telephone Labs., Inc, Murray Hill, N.J.

toward the origin of the information in the majority of
the cases. Only a little reflection will show that nearly all
of the information used by business data processing com-
puters originates in the minds of humans. What is needed
are methods and devices which will allow these people to
produce, by simple and inexpensive means, the wnitial ex-
pression of their information in a form suitable for ma-
chine reading. Without these, there will be many situa-
tions, especially where the volume of input information is
large in comparison to the amount of processing, where
computers cannot be proven even if they cost little or noth-

ng.
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We have an example of this input problem in the Bell
System, where toll switchboard operators are producing
two billion toll tickets per year. These are the.records of
long-distance calls handled by operators. They are 214 X 5-
inch pieces of paper, each containing 20 to 30 characters
of information needed for processing. While there are plans
for ultimately eliminating these tickets by improvements in
switchboards, they will be with us for a long time. Some
idea of the magnitude of this input can be given by stating
that these two billion paper tickets produced each year
would make a pile 200 miles high or, if laid end to end, a
strip 150,000 miles long. What is more significant, it is
estimated that it would cost about $32,000,000 per year to
transcribe this information to cards by means of keypunch-
ing.

A broad look at possible methods by which humans can
communicate with machines, including computers, reveals
the following situation.

First, the human can communicate by physical actions
(generally involving the fingers) on keys, levers, dials,
etc. Of these, the telephone dial is undoubtedly the one
used in the greatest number. On the other hand, the key
is used on a greater variety of machines, including type-
writers, teletypewriters, calculatmg machines, keypunches,
and switchboard operator key sets. Second, the human can
communicate through physical action which produces a
document without the intervention of a machine (disre-
garding the pencil). This document, in turn, is used to
control a machine. Mark-sense cards exemplify this
method. Third, it seems probable that it will be possible
some day to produce machines which can interpret the
human voice reciting numerals and letters. Possibly we
may half facetiously suggest that ultimately the human
mind can directly control machines.

When one examines the methods just mentioned in com-
parison with handwriting, one must conclude, however
reluctantly, that it is pretty hard to beat handwriting as a
ready, economical, fast, and accurate means of expression.
Consequently, this discussion deals with two different
methods by which handwritten characters may be read. The
first falls in the category, mentioned above, of control by
physical action and involves a new device which permits
real-time communication with machines as characters are
written by a stylus. The second falls in the category of
communication through documents, and consists of simple
methods and devices by which handwritten characters can
be automatically read.

Let us consider the problems encountered in automatic
recognition of handwritten characters. To simplify - the
discussion, it will be confined first to numerals. Of course,
the problem can be greatly simplified if it is permissible
to adopt an entirely new set of characters created specific-
ally for easy machine reading. For example, characters in
the set of Fig. 1 could easily be recognized by a machine
scanning vertically and horizontally. The patent literature
discloses many. such sets of symbols. They have the obvi-
ous and common disadvantages that writers must learn
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them and become proficient and accurate in their use, and
that they cannot be understood by the uninitiated who
occasionally come in contact with them. Personal expe-
rience indicates that it would be very difficult to persuade
people to adopt them and that promoters of such systems
are viewed as enthusiastic but misguided.

Mark-sense marks cannot be considered as special sym-
bols because it is the mark position rather than the shape
that carries the information. Mark sensing has the dis-
advantages of occupying considerably more space than
ordinary numerals and of being slow for humans to read.

If the idea of special sets of symbols is rejected, noth-
ing remains but regular Arabic numerals. The problems
which are encountered in reading these will now be sur-
veyed.

ARABIC SPECIAL

! I

2 1
3 i
4q —_
5 =
6 =
7 +
8 +*
9 +H
o H

Fig. 1—Special handwritten symbols for machine reading.

2P724
2 37058
o2
§ 728 F A

42 o £r

Fig, 2—Numerals written without constraint.

Fig. 2 shows a collection of Arabic numerals chosen
from those produced by a random group of people. An
examination of these forces the conclusion that some de-
gree of control must be placed on their writing not only to
enable machine reading but to reduce “‘sloppiness” which
makes even human reading difficult. The variable factors
which must be dealt with by an automatic reading device
are location, size, orientation, and shape.

Location is important, if for no other reason, because
it generally defines the meaning. For example, a given
number appearing in one place on a form may indicate
revenue and in another, expense. Also, of course, the ma-
chine’s problem is greatly eased if it knows exactly where
the numeral is located. It may be remarked that while the
information content is in the shape rather than size or
orientation, nevertheless the machine must be able to rec-
ognize shape in the presence of variation in size and orien-
tation.
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Fig. 3—Cartesian-coordinate grid for character recognition.

£ 2345
67890

Fig. 4—Numerals with dot constraint,

Fig. 5—Set of bipolar coordinates for character recognition.

Any plan to control writing must take into account the
methods by which the symbol is to be recognized. The
method of recognition, generally proposed, is to examine
the character in a field of Cartesian coordinates as in
Fig. 3. The presence or absence of a mark in each rec-
tangular cell is indicated by a television-scanning tech-
nique to a computer which can operate on the information
with all its considerable resources. The cells may or may
not be contiguous. Study of this plan indicates that unless
very rigid writing controls are employed, this is a hard
and expensive way to recognize characters.

At this point we may conclude that these things are
needed to read handwritten numerals automatically and at
reasonable cost: 1) a means of constraining writing which
does not seriously affect writing habits, 2) a mode of ma-
chine examination of the symbols, under which the sym-
bols appear invariant with reasonable changes in location,
size, orientation, and shape, and 3) compatibility between
1) and 2).

A simple solution is now described which encompasses
these three needs. First, the constraint is provided by
means of two dots around which the numerals are written
as shown in Fig. 4. The naturalness and ease of this
method are obvious from the figure. Second, in order for
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Fig. 6—Range of variation permissible.
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Fig. 7—Truth table for numerals.

the numerals to appear invariant, the machine examines
them in two polar coordinate fields with the two dots as
origins: The machine is able to recognize the numeral by
sensing which of the radius vectors in the particular set
of Fig. 5 are traversed by the lines making up the numer-
als. (The two left-hand vectors are moved out of their
horizontal positions to avoid the ends of 3’s and 5’s.) The
use of the same dots both for the origins of the polar co-
ordinate sets and for controlling the writing makes it
possible for simple machines to recognize numerals even
though they vary quite widely in location, size, orienta-
tion and shape. In Fig. 6, the numeral 3 is shown to be
invariant with a wide range of these four variables.

It remains to be shown that the set of radius vectors
crossed by each numeral is unique. This is done in Fig. 7
in which a binary 1 indicates a necessary cross, a binary 0,
a necessary noncross, and 0/1, indifference to a cross. A
point to be noted in the left-hand column of this figure is
the considerable tolerance of this method for the vagaries
of humans. For example, 1 may be written either to the
right or left of the dots since the associated transversals
are each unique and can both be interpreted as 1. The nu-
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Fig. 8—Four-dot letter restraint—method 1.
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meral 7 may be written with the vertical leg either between
the dots or to the right. However, a closed top 4 cannot be
permitted because it will appear the same as a 9. There are
many different truth tables that could be devised following
the philosophy indicated in Fig. 7 but trading among allow-
able variations in the formation of the different numerals.
Still others could be designed by adding a “goof” detection
feature which detects combinations not corresponding to
any numeral. The logic for the latter would be quite exten-
sive, however, because there are 27 or 128 possible com-
binations of which a minimum of 10 are legitimate,

So far only Arabic numeral recognition methods have
been disclosed. The question naturally arises as to whether
the basic methods of controlling writing by dots and in-
variance in polar coordinate fields can be extended to in-
clude letters.

There are several ways of accomplishing this result.
Two will be discussed briefly. The first, involving four
dots, is shown in Fig. 8. The basic idea here is that the
first half of the alphabet is written about the left two dots,
and the rest, with a few exceptions, about the right two
dots. It will be noted that with a few exceptions which are
necessary to attain uniqueness of each character, all the
letters are regular upper-case block or drafting type. H is
lower case to avoid confusion with K. G and Q are some-
what specially formed. In passing, it should be noted that
block letters seem preferable to script because script writ-
ing is more likely to be undecipherable even by humans.
Evidence of this is the statement, “please print,” on the job
applications which some of you have filled out.

Another set of characters is shown in Fig. 9, Here ad-
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Fig. 9—Four-dot letter constraint—method 2.
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vantage is taken of the fact that 13 of the 26 letters begin
with a vertical line, while 13 do not. In this embodiment
the letters G, K, Q and W are slightly peculiar.

To mechanize any of the logical methods described
above, it is only necessary to devise a machine which can
detect marks in the long, narrow areas (hereafter called
criterial areas) corresponding in position to the radius
vectors. An obvious way of doing this is with electro-opti-
cal scanning. Alternatively, a very simple reader can be
made by providing a sensing head made with printed wir-
ing as shown in Fig. 10, In this figure, each criterial area
is made up of one long, narrow conductor connected to a
source of potential, and another, parallel to it, used as a
sensing element and connected to a translator. When the
head is properly placed on a piece of paper on which a
numeral has been written around dots with a conductive
lead pencil, the mark on the paper closes circuits between
the two parts of each of the criterial areas® which it crosses.
Hence, certain of the seven leads from the seven criterial
areas will be energized causing the translator to energize
a different output lead for each different character,

A translator using transistor logic and based on the
truth table of Fig. 7 is shown in Fig. 11. The input leads
A to G connect to the seven criterial area conductors simi-
larly designated at the top of Figure 7. The RS lead con-
nects to a contact which is closed to reset the translator
I *Proposed by Dr. L. A. Kamentsky of Bell Telephone Labs.,
i Subsequent to the presentation of this paper, U. S. Patent
2,741,312 issued to R. B. Johnson was called to the author’s atten-
tion. It discloses the use of the two dots and of the radial areas for

sensing conduction through the mark constituting the numeral, Re-
lays are operated to control a card punch.
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Fig. 11—Translator circuit.

by restoring flip-flops F/F-A to F/F-G to a normal condi-
tion in which they energize the leads designated with a
zero subscript. The recognition of the numeral 2 will now
be followed. Conductors A, B, D, E, and G will have been
energized by conduction through the conducting pencil mark
although the energization of E is immaterial to correct
recognition of the numeral 2. Flip-flops of corresponding
designation energize leads of subscript 1. The end result
is that leads A4, By, D1, E; and G, are energized as well as
leads C,y and F,. Leads D; and F, open gate 4. Gate 12 is
opened by the output of gate 4 and lead A,; gate 18 by
gate 12 and lead B,; gate 24 by gate 18 and lead C,; gate
30 by gate 24 and lead G;. Gate 30 energizes lead 2 to in-
dicate recognition of that numeral. The flip-flops are not
strictly necessary, but they aid by furnishing ample power
to drive the logic circuitry.
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Fig. 12—Stylator.

As mentioned before, a method will be described which
permits automatic recognition as the characters are written.
A novel device for performing this function for numerals is
shown in Fig. 12. A writing surface is provided on which
there are two guide dots surrounded by a set of criterial
areas consisting of seven conductors embedded in a plastic
plate. As a numeral is written with a stylus connected to a
source of potential, the stylus energizes, one at a time, the
conductors in the criterial areas involved in the numeral.
The combination of areas energized causes certain flip-flops
in a translator such as that in Fig. 11 to operate and drive
the rest of the translator to indicate the correct numeral.
The flip-flops are necessary because the criterial areas are
not all energized simultaneously. Alternatively, seven relays
may be used to replace the electronic translator of Fig. 11.
This device has been tentatively christened a Stylator, mean-
ing stylus translator or interpreter.

The problem arises in connection with the Stylator of
informing it when the writing of a character has been
completed. This is necessary because in some cases the
character changes from one to another during the writing
process and because the translator must be returned to
normal before a new character is written. A simple way of
incorporating this feature is to provide another conductor
in the writing plate which, when touched by the stylus,
causes the memory and translator circuits to return to nor-
mal as soon as the character already written has been reé-
corded. This conductor may extend around the whole
perimeter of the plate so that it can be touched by a con-
tinued stroke of the stylus.

In the devices just described, no advantage is taken of
the information residing in the sequence in which the cri-
terial areas are crossed. Of course, this information can-
not be recovered from a character already written but it
is readily available in the case of the Stylator. This added
information is so meaningful that the two-dot system can
be used for letters as well as numerals.

Several uses have been suggested for the Stylator. It is
a competitor for key sets in many applications. It has been
successfully used to control a teletypewriter. It is attrac-
tive in this application because it is inexpensive and does
not require a long period for learning to use a keyboard.
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Fig. 13—Number reader and Stylator.

If the criterial areas are used to control the frequency of
an oscillator, an inexpensive sending device is obtained
which may be connected to a telephone set to send infor-
mation to remote machines,

Fig. 13 shows a combined number reader and Stylator
which can successively read four separate numerals from
a sheet of paper as well as recognize numerals as they are
written. The following set of rules will help in using the
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Stylator.
1) Clear by touching the stylus to the small area at the
lower right. '
2) Make open top 4’s.
3) Keep ends of 3’s and 5’s out of area between seg-
ments E and F in Fig: 5.

CONCLUSION

Methods of constraining the writing of characters for
machine reading and machines for reading such characters
has been described. A new device called a Stylator has been
disclosed which permits real-time recognition of characters
as they are written on a platen,
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Discussion

E. A. Etling (RCA Service Co):
What thought, if any, have you given to
the development of a system which places
no constraint on the handwriting of -char-
acters, other than broadly defined statisti-
cal bounds?

Mr. Dimond: The polar scanning tech-
nique can be extended to systems involving
different methods and degrees of con-
straint. I think that some degree of re-
straint is desirable because it requires
people to form their characters more care-
fully than they would if they followed
their normal habits, which may be so
sloppy that the characters are sometimes
unrecognizable even by humans.

P. Hersh (General Ceramics): How
does the Stylator distinguish between the
“early” versions of a character and the
final (correct) one?

Mr. Dimond: In these demonstration
machines, a separate segment is touched
by the tip of the stylus after writing is
complete to cause the information stored in
the translator circuitry and indicated by
lamps to be wiped out. In a commercial
machine, the touching of the segment
would first cause the information stored in
the translator to be transferred to some
sort of memory and would then restore
the translator to normal. To minimize the
effort required, the segment could- consist
of a border surrounding the platen. It could
then be touched with the stylus by continu-
ing the last stroke in writing a character.

M. J. Stoughton (Sears Roebuck):
What controls are you contemplating for
reducing operator errors? )

Mr. Dimond: Errors may result either
because the operator writes a wrong num-

ber or because she forms it incorrectly.

Errors of both sorts may be reduced by
training. Nothing can be done in the de-
sign of the machine to prevent entirely the
former. In this respect, the problem is the
same as with a keyboard. In some cases
the error can be detected by a system of
control totals.

There are some things that can be done
to minimize errors due to incorrect for-
mation. More criterial areas and a more
able translator would help. If the degree
of accuracy required justifies it, mentally
computed check numbers can be used. Sup-
pose, for example, the number 13 is to be
recorded. The operator also records 24
which is obtained by adding 1 to each digit
of the number 13. At some later stage the
two numbers are automatically subtracted
to check that a difference of 11 is obtained.

L. C. Oesterich (U.S. Navy): You are
apparently adapting this reading device to
your toll ticket problem. Please outline the
system.

Mr. Dimond: The proposed reading de-
vice is one of the contenders for solving
the toll ticket problem. It would be used
in the following manner. The tickets fur-
nished to the operators would have dots
preprinted on them around which the op-
erators would write the characters, most
of which are numerals. These tickets would
be gathered up periodically and sent to a
processing center where they would be fed

automatically into a device which would
read the information and record it on cards
or magnetic tape for further processing.

E. Nassell (Electronic Associates):
Wouldn’'t all cases where you consider
transmission be much faster handled by a
ten-key keyboard of some sort? And as
cheaply? As I see it, the best use for read-
ing characters handwritten is when the
original recording must be made remote
from accessibility to transmitting or re-
cording equipment. Since a form is neces-
sary in any case, doesn’t it appear the
conventional existing methods of electro-
graphic sensing would remain superior?

Mr. Dimond: If we consider only the’
originating device, there is probably not
much difference in speed or cost between a
ten-key keyboard and a Stylator. Two
other factors appear to tip the balance in
favor of the Stylator. First, preliminary
tests indicate that better accuracy is ob-
tained in writing than in keying. Second, a
written document can be made at the same
time the Stylator is used as a sending de-
vice, if the Stylator is designed to use
capacitive coupling through the paper
rather than direct coupling between the
stylus and the criterial areas. If it is neces-
sary to transmit letters as well as numer-
als, the keyboard would undoubtedly cost
more than a Stylator and would require
more skill.

I assume that in using the térm electro-
graphic sensing, Mr. Nassell refers to what
is more commonly known as mark sensing.
The main difficulty with mark sensing is
that 10 to 20 times more space per charac-~
ter is required than for written characters.
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Automatic Registration in High-Speed Character
Sensing Equipment
ABRAHAM I. TERSOFF?

INTRODUCTION

REAT strides have been made in the field of data
G processing machinery. A wide variety of equip-

ments has been developed which will quickly and
accurately perform assorted operations on data fed into
them. However, far less progress has been made on the
task of efficiently providing these equipments with input
data. The existence of a severe language barrier has gen-
erally necessitated the use of human operators to translate
all data into machine language when it is first fed into a
data processing system. In an attempt to efficiently over-
come this language barrier, a number of different charac-
ter sensing systems have been developed to serve as auto-
matic man-machine links.

One of the problems faced by most character sensing
systems is the relatively inexact fashion in which human
beings tend to position information on a document, due
both to economic considerations and to the flexibility of
the human beings who normally operate on this informa-
tion. Of great help under such circumstances is the ability
of the character sensing equipment to register automatic-
ally and accurately on the specific information selected for
processing. In fact, it is just such general flexibility which
tends to distinguish an equipment suitable for field use
from one capable of operating satisfactorily only under
laboratory conditions.

SCANNING OF THE DOCUMENT

The automatic registration system to be described has
been successfully employed in a number of different An-
alyzing Readers. These high-speed character sensing
equipments all utilize a high resolution scanner (usually
mechanical) and photomultipliers to convert the optical
image received from the document into electrical signals.
As shown in Fig. 1, the document to be read is moved past
a reading station, and an image of the information on the
document is focused onto a scanning disk containing per-
haps twenty to forty radial slits, each 0.010 inch wide.
This disk is normally caused to rotate at a speed of ten to
fifteen thousand rpm. Immediately in back of the scanning
disk, and swept by light projected through the radial slits,
is a fixed plate containing a slit 0.010 inch wide. As the
document is moved horizontally past the reading station,
an image of the information on it moves across the system
of intersecting slits. A two-dimensional scan of the infor-

T Intelligent Machines Res, Corp., Alexandria, Va.
*Trademark, Intelligent Machines Res. Corp., registered U.S.
Patent Office.

Fig. 1—Simplified view of scanner shows rapid scanning
along one vertical axis of moving character image,

mation is thus obtained by means of a beam of light
passed by what is effectively a “flying aperture.”

Considerations such as the horizontal speed of the docu-
ment, the height of the field to be scanned on the document
and the size of characters to be read will combine to de-
termine the magnification ratio of the optical system em-
ployed, the length of the slit in the fixed plate, the num-
ber of slits in the scanning disk and the speed of rotation
of the disk. Under normal circumstances, more than
twenty vertical scans are made across each character, with
a(.ijacent scans overlapping slightly. In designing the scar
ning system, care is taken to insure that the effective cross
section of the scanning beam will be substantially less than
the narrowest line element normally occurring in the char-
acters to be read.

The moving spot of light passed by the intersecting slits
is focused onto a photomultiplier, where it is converted
into an electrical signal whose amplitude is always pro-
portional to the intensity of the spot of light. Since the
length of the fixed slit is made slightly less than the chord
between adjacent radial slits at that point, each scan across
the fixed slit will produce a “black pulse” in the photo-
multiplier output at the point where light is completely
blocked from the fixed slit. (See Fig. 2.) During the re-



Tersoff: Automatic Registration in High-Speed Character Sensing Equipment

BLACK
PULSE
READING
PHOTOMATIPLIER
SUTRUT

| CLIPPED ¥
. GATED  SCAN
SieNL -

F CLIPPED
TIMING PULSE

ONE SCAN —————wf

JIMING PHOTO-
MUETIPLIER
ouiPuT

L

Fig. 2—Development of a clipped scan signal and timing pulse.

mainder of each scan, pulses will occur only when the
scanning of a line element of a character produces a
marked diminution in the intensity of the light passed by
the intersecting slits. This photomultiplier output is then
fed to a video channel, where it is amplified and clipped at
the voltage levels (+ 15 and — 25 volts) used in subse-
quent logical units, Also developed in the video channel
is a feedback voltage which holds the amplitude of the
“black pulse” constant, compensating for variation in doc-
ument reflectivity and photomultiplier sensitivity.

A second photomultiplier and an exciter lamp, placed on
opposite sides of the scanning disk, are used in a similar
fashion to produce a timing pulse at the end of each verti-
cal scan (see Fig. 2.)

Basic OreraTION OF LocATorR CIRCUIT

The operation of the aforementioned locator circuit,
which has been used for automatic registration in ma-
chines with the above scanning system, can be analyzed
-with the aid of Fig. 3. In essence, the voltage established
across the reference capacitor is compared with the timing
sawtooth. This establishes the point within the scan cycle
to be “marked for registration” by the switching of the
locator circuit’s output, Switching occurs at the earliest
point in the scan cycle at which the information being
tracked is detected on the document. A feedback loop
causes the circuit to keep switching at this point until it is
either moved to a point even earlier in the scan cycle by
new information or reset to the end of the scan cycle at
" the end of reading.

Referring to Fig. 3, the signals at points B, E, F, and G
are always at either + 15 or — 25 volts. The units I1, 12,
and I3 are simple inverters whose outputs are clipped at
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Fig. 3—Locator circuit marks time-in-scan
of the earliest signal it receives.

+ 15 and — 25 volts. They are designed to provide an
output which is always the exact inverse of their inpur.
The key potential in this circuit is the one established at
point A by the reference capacitor, When the locator is
not in operation, + 15 volts is applied to reset input point
B, causing V1 to conduct until the capacitor is charged to
the same potential. With point A at + 15 volts, V3 con-
ducts sufficiently heavily to bring its cathode, point C, to
+ 15 volts. Under these circumstances, V4 will normally
be cut off, conducting only during that brief period at the
end of each scan when the timing sawtooth on its grid
rises above the tube’s cut off potential. Only during this
period of conduction will the potential on the plate of V4,
point D, be sufficiently low to bring the output of I2 up to
+ 15 volts. At all other times point E will be held at — 25
volts. Since the signal at point F is the exact inverse of
that at point E, the AND gate input to I1 is enabled dur-
ing almost the entire scan. Only the absence of a gated
scan. signal keeps point G at — 25 volts and point H at
=+ 15 volts, preventing V2 from conducting.

To put the locator into operation, the potential of point
B is reduced to — 25 volts, effectively removing V1 from
the circuit. The potential of point A still cannot rise above
+ 15 due to the clamping action of V2, whose cathode is
normally at + 15. However, whenever a gated scan signal
is detected during that portion of scan when point E is at
— 25 volts, point G will go to + 15 volts and I1 will try
to drive point H to — 25 volts. It can seldom do this, since
the reference capacitor normally holds the plate of V2
above — 25 volts. Inverter 11, however, will conduct to
the limit of its capacity, discharging the reference capaci-
tor through V2 and driving the potential at point A down.
Tube V3 will then conduct less heavily, the potential at C
will drop to approximately that at A, V4 will conduct for
a longer interval at the end of the frame, and input F will
disable the AND gate in each frame earlier than before.
This process will continue, with I1 driving the potential
at A lower and lower, and the output of 12 getting up to
=+ 15 earlier and earlier in the scan, until the output of I3
holds off the AND gate from the earliest point in the scan
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that a gated signal is detected until the end of the scan.
The potential at point A will then remain relatively con-
stant, causing the leading edge of the locator output, point
E, to continue marking the earliest point in the scan that a
gated scan signal was detected. This situation will con-
tinue until the potential at A is either driven still lower by
the detection of a gated scan signal even earlier in the
scan, or reset to + 15 volts by the signal applied at point
B.

It was stated earlier that once set, the potential at point
A will remain relatively constant until either driven still
lower or reset to =+ 15 volts. The primary reason this po-
tential does not remain constant is that current drawn by
the grid of V3 tends to accumulate on the reference ca-
pacitor and slowly drive point A negative, To counteract
this effect, a large resistance is connected between this
point and a much more positive potential in order to draw
electrons away from point A at approximately the same
rate that grid current is supplying them. In general, it is
safer to choose a resistance value which causes the poten-
tial at point A to drift very slowly positive, since it will
simply be driven back down as soon as the output of 13
fails to hold off the AND gate while a gated scan signal
is present. If, however, the potential at point A is per-
mitted to drift in a negative direction, causing the locator
output to mark erroneously a point earlier and earlier in
the frame, nothing can drive the potential at A and the lo-
cator output back until the unit is completely reset.

It should be noted that the speed with which the poten-
tial at point A can be set or reset to the proper values is
determined both by the capacitance of the reference ca-
pacitor, and by the rate at which electrons can be sup-
plied by I1 and drawn off by the reset pulse.

AppLicATION oF Locator CIRCUIT

The basic method of operation of the locator circuit has
been described above. In practice, the circuit is sometimes
made to operate in slightly different fashions for different
applications. For example, in one application the scan sig-
nals used to set the locator could simply be those used in
the basic character analysis program. Other applications
may require that the locator be completely positioned and
performing its registration function before the informa-
tion to be analyzed reaches the primary scanning station.
In such case, the locator can be positioned by scan signals
obtained from this same information as it passes one or
more prescanning stations. Using the mechanical scanning
system previously described, it is relatively simple to scan
simultaneously a number of lines displaced horizontally
or vertically from each other on the document. In all ap-
plications, however, the basic goal is to register in a known
manner on the characters to be read, and to do so with
sufficient precision to permit an analysis of the various
strokes comprising the characters. An example of the gen-
eral manner in which characters are normally distin-
guished from one another is provided by the table in
Tig. 4. Here, eleven different stroke criteria are employed
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Fig. 4—Character is identified by correct combination
of detected and not detected conditions.

to provide a minimum of two differences between any
pair of numbers in a particular type face. This program
would not be possible if the lower, middle and upper por-
tions of the characters could not be identified fairly pre-
cisely.

The character identification program shown in Fig. 4 is
the one actually employed in the Scandex? character sens-
ing system, which automatically processes imprinted gaso-
line credit card invoices. This equipment reads the cus-
tomer’s account number, as imprinted on the reverse side
of an invoice card, and punches it into the same card.
Since carbon paper is used to make this impression, we
are sometimes confronted with smudges adjacent to the
characters to be read. In addition, the vertical registration
of the account number on the invoice card varies apprecia-
bly, being affected by the registration of the credit card
during the embossing operation, the position of the credit
card relative to the invoice in the imprinter, and the pre-
cision of the Scandex card feeding mechanism. To achieve
accurate registration on the account number despite the
presence of smudges, the locator is programmed to track a
point two-thirds below the tops of the characters. This is
accomplished, as shown in Fig. 5, by employing two si-
multaneous scans spaced a character width apart, summing
their scan signals, and operating on this sum. Thus, small
spurious information will not affect the location system.
With the point-in-scan marked by the locator circuit serv-
ing as a reference, the characters are then divided into top,
middle, and bottom thirds by appropriate time measuring
circuits.

Another Analyzing Reader, in which three locator cir-
cuits are incorporated, is presently being employed to
process automatically utility company billing stubs pre-
pared on tabulating machines, An example of such a stub
is shown in Fig. 6. In this application it is necessary that
the machine record the first two and last four digits on the
top line, the four digits on the second line, and the total
on the bottom line of the stub. Here the problem is one of

? Trademark, Farrington Manufacturing Co., registered U.S.
Patent Office. :
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Fig. 6—Locator circuits track characters in
first, second, and last lines.

variation in position of the lines to be read, both with re-
spect to each other and to the top and bottom of the stub.
This variation in positioning results from the paper form
being fed, both in the tabulator and in the cutter, by pins
substantially smaller in diameter than the holes in the
paper. To correct this variation, the top of each of the
lines to be read is tracked by a different locator circuit,
as shown in Fig. 6 and, in greater detail, Fig. 7. To pre-
vent that locator which tracks the second line from moving
up into the top one, its input is gated so that it can only
track scan signals more than a character height away from
the first vertical locator.

A third Analyzing Reader employing locator circuits is
an automatic page reader developed for an agency of the
Department of Defense. This equipment is required to
read double-spaced, typewritten information line by line,
automatically advancing the page vertically at the end of
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characters in spite of tilt.

each line. It is also required to read any “substitute char-
acters” typed between lines in place of the characters im-
mediately above them. (See Fig. 8.) One serious registra-
tion problem encountered in this application was the lack
of control over distance from the top of the page to the
first line on the page. A second problem was the fact that™
the typed lines are not always parallel to the top of the
page. To overcome these problems, a scan capable of cov-
ering four single-spaced lines is used, and three locator
circuits are employed for tracking purposes. Locator A
normally tracks the tops of characters. However, when
no characters are detected for a specified length of time,
it ‘tracks locator B instead. Locator B, in turn, tracks
locator A for a number of characters at the beginning of
each line, after which its input AND gate is disabled for
the remainder of that line. Locator C will normally track
to within a specified distance of locator A, this distance
being such as to put it in the middle of the “substitute
character” zone. However, whenever it detects a signal
earlier in the scan than this point, yet more than a charac-
ter height later in the scan than locator A, it will track that
signal,

In this application, locator B is used to remember the
vertical position of the beginning of each line. With this
as a reference, the machine can tell where to look for the
beginning of the next line even if the lines are tilted.
Since it is essential that the point-in-scan marked by lo-
cator B not drift significantly during the relatively long
time that its input AND gate is disabled, its reference
capacitor is made ten times as large as normal.
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A fourth Analyzing Reader employing locator circuits
is an automatic mail sorter being developed for the Post
Office Department. In this machine, programming con-
siderations make it desirable that we be able to register on
the bottoms of the various characters in the bottom line,
as with locator P in Fig. 9. This is achieved by connecting
a relatively low resistance between the reference capacitor
and -+ 100 volts. In this case, 18 megohms is used, caus-
ing the reference voltage to drift in a positive direction
relatively quickly when not being set down by input scan
signals. The danger in this approach is that the locator
might occasionally drift up to the previous line, and con-
fuse it with the bottom one. To prevent this happening, a
second locator, with a much larger “pull-up” resistance (in
this case, 500 megohms) is made to track the same char-
acters. This locator will behave more like locator Q in
Fig. 9, drifting upward at a much slower rate. Now, by
using locator Q) as a reference, an alternate input for lo-
‘cator P can be developed to prevent its drifting to a point
more than three fourths of a character height later in the
scan than locator Q. As can be seen, this permits locator P
to follow the bottoms of those characters in the bottom
line very closely without any danger of its drifting into
the previous line.
~An interesting problem encountered in this same mail
sorter application was the need for determining immedi-
ately the fact that we have begun reading a new line in a
staggered address. A normal locator circuit tracking the
bottom of the bottom line on a document will, in such a
case, simply drop down to this new line. How, then, do
we determine that this has occurred? The technique pres-
ently employed is to have an additional locator track a
point roughly three fourths of a character height below
the line being read. The presence of a scan signal earlier
in the scan than this point indicates that we have begun
scanning a new line in a staggered address.

A locator circuit can be made to track a specified dis-
tance ahead of the input scan signal by simply delaying
the leading edge of its output pulse by a fixed amount be-
fore inverting it and feeding it back to the AND gate.
Unit M1 in Fig. 10 is used to accomplish this delay. As
can be seen from Fig. 10, the leading edge of the M1 out-
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Fig. 10—Locator circuit marks a specified interval before
the time-in-scan of the earliest signal it receives.

put pulse, and hence the trailing edge of the I3 output
pulse, follow the leading edge of the locator output pulse
by a fixed interval. The presence of M1 does not, how-
ever, alter the basic operation of the locator circuit itself.
Whenever the AND gate’s output is positive, V2 will con-
duct and cause the locator to mark a point earlier and
earlier in the scan. It is only I3’s disabling of the AND
gate that prevents scan signals from improperly advanc-
ing the locator output all the way to the beginning of the
scan. Scan signals can advance the locator only if they
occur while the output of I3 is positive. We see, then, that
scan pulses will continue to advance the locator until the
trailing edge of I3’s output is brought to the same point
in the scan as the leading edge of the earliest scan pulse.
Of necessity, the leading edge of the locator output will
then be marking a point-in-scan which is the specified
distance ahead of the earliest scan signal detected.

CONCLUSIONS

In most high-speed character sensing systems, auto-
matic registration is extremely helpful in: 1) overcoming
poor registration and extraneous marks on the document,
2) compensating for tilt of the information to be read, and
3) accurately dividing the characters to be read into verti-
cal zones for purposes of stroke analysis. A special locator
circuit is employed in a number of IMR Analyzing Read-
ers to provide such automatic registration. Minor modifi-
cations of the circuit permit the control of such charac-
teristics as the speed with which it can be set, the speed
with which it can be reset, the timing stability of its
switching point, once set, and the degree to which it can
register on misaligned characters. Registration on a va-
riety of types of information, either in restricted zones or
anywhere on the document, is possible. The usefulness of
this locator circuit has been thoroughly established through
its application to various Analyzing Readers presently
under development or in use in the field.
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The National Cash Register High-Speed

Magnetic Printer

J. SEEHOF'; M. ARMSTRONG', G. FARLEY', M. LEINBERGER,
M. MARKAKISY, anp S. SMITHBERG'

I. INTRODUCTION

HE magnetic printer is designed to operate in con-

junction with an electronic data processing system.

It operates on the principle of recording a latent
magnetic image on a special paper, which is essentially
magnetic tape with a white topcoat. The image is in the
form of an alphanumeric (or other) character which is
subsequently made visible by exposure to a ferromag-
netic powder attracted to the magnetized portions of the
paper. The powder is coated with a thermoplastic resin
and requires a heating operation to fix it to the paper. An
example of the print is illustrated in Fig. 1.

may then be made visible by exposing the area to a black
permeable powder.

Dynamic operation of the printer is illustrated in Fig. 3.
The magnetic field is established by a coil wound around
a permeable bar. It is energized with pulses of a length
directly propottional to the length of vertical scan to be
recorded: I’Ilustrated is a three-by (three vertical mneedle
sweeps per letter) format where the letter T is formed by
pulsing the bar when needle 1 passes over the top area,
while needle 2 is traversing the entire bar, and when
needle 3 passes over the top area. The needles are ar-
ranged in the form of a helix on a drum rotating over the

0123456789

01239456789 ?- . ABCDEFGHIJKLMNOPQRSTUVWXYZ -,
0123456789 7-. ABCDEFGHIJKLMNOPQRSTUVWXYZ 0123956789 7-.
01234956788 7-.  ABCDEFGHIJKLMNOPQRSTUWWXYZ 0123456783 7-.
0123456789 7~ ABCDEFGHIJKLMNOPQRSTUVWXYZ 0123456789 7-.
0123456789 7-. ABCDEFGHIJKLMNOPQRSTUVWXYZ 0123456789 7.
Fig. 1-—Sample of print,
No Needie . %ﬁ/
' 2
Needles £ I
AUA U
ML 2
N
" 7 A
Pulser E—?g p P
VI, ' .
Fig. 3—Three-by system.
Noedle . bar and are spaced so that only one needle is within the
/\ b field of the bar at any one time.
‘ i A completed breadboard of the magnetic printer (Figs.
Pl > Permeable 4-6) consists of a spiral track of needles arranged around
e = the surface of a drum. Directly over the drum supported

Fig. 2—Effect of permeable needle on field strength.

II. PrinciPLES OF OPERATION

Printing is accomplished by utilizing the fact that a
weak diffuse field will not magnetize the paper while a
strong concentrated one will. Field concentration is ob-
tained, as illustrated in Fig. 2, by placing a permeable
needle directly above the area which is to be printed. Print

T Electronics Div., National Cash Register Co., Hawthorne,
Calif.

by a fixture, is a permeable bar. The magnetic field which
places the latent image on the paper is established between
the needle points and the bar. During the time that a par-
ticular needle point is passing under the bar, a magnetic
flux path is established between the needle and bar only
when the coil is energized. Seven vertical scans are allotted
for each character (seven-by system). The scan (bar) is
energized for the full height of a given character (width
of bar) if a full vertical line is to be recorded for that por-
tion of the character, or the scan is energized for only a
portion of the time as needed.

As an example, consider the formation of the letter L.
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Amplifier

* Code

Fig. 4—Block diagram of magnetic printer system.

Fig. 5—Close-up view of the drum, bar, and paper.

The second scan is a full height scan, whereas the other
six are energized for only portions of each pass over the
bar. The resulting image appears in Fig. 7.

The encoder which has been utilized in conjunction
with the printer is a cathode-ray-tube device. Over the face
of the CRT is placed a photonegative mask which has on it
all of the characters which are to be used in the printer
(60 or more). The mask is easily replaceable with other
sets of characters or symbols. In back of the mask is a
photocell which converts the light energy from the phos-
phor on the face of the CRT to electrical pulses. When a
character is to be printed,* the binary coded representation
of the character enters the electronic input circuitry of the
printer. A decoding matrix then directs the horizontal.and
vertical deflection plates of the CRT to a ceftain portion of
the face of the tube, this point being at one corner of the
character (on the mask) which is to be scanned. The CRT

* Along the edge of the drum is placed a magnetic layer. On
this layer are placed pulses in line with the first needle for a
revolution, each needle beginning a character, and each needle on
the drum. Three separate reading heads are utilized. Thus the
printer can “signal” the encoder or paper feed when a line begins,

gvllen a character begins, or when the needle begins scanning the
ar. '
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Fig. 6—Breadboard model of magnetic printer.

1234567

Fig. 7—The letter L.

beam then scans the character in seven sequential vertical
sweeps in synchronism with the passage of the seven
needles past the bar in the printer. The photocell senses
the beam when it illuminates the transparent portions of
the mask. In like manner, when the light energy is inter-
rupted by the opaque portions of the mask, the photocell
lies dormant. The electrical signals from the photocell are
amplified and converted into current pulses for the coil
and magnetic field pulses from the bar. This CRT encoder
has been utilized for some time and has proven very relia-
ble. Various other types of encoders, such as a magnetic
core matrix are feasible and would probably be less ex-
pensive.

As the drum rotates over the bar, a full line of charac-
ters can be printed. Since the width of the helix depends
upon the diameter of the drum for a given letter size, one
can design either a large drum to scan 120 characters per
revolution or a smaller drum to scan 40 characters per
revolution with three spirals (each with an independently
pulsed bar) wound on its surface. To achieve equal speeds,
the smaller drum would have to rotate three times as fast.
The present systemn scans 40 characters per revolution and
80 characters per line at a speed of 1200 characters per
second or 15 lines per second. Higher speeds than this
have not been attained with the present breadboard due to
mechanical vibrations set up upon rotating the drum at
high speeds. There is no reason to assume that increases in
speed by at least a factor of ten cannot be attained with
better drum design. "

The paper that is used is formed by a series of layers:

1) Base kraft paper.
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Fig. 8—Experimental working model of a liquid inking chamber.

2) Magnetic oxide layer (can be permanently mag-

netized ).

3) White topcoat.

a) Forms a contrasting surface for the black ink.
b) Forms a multilith surface.

The printer produces only one copy at the time of print-
ing. However, since the paper contains a multilith top-
coat, it can be utilized to make any number of copies at a
later time by a simple multilith operation.

Inking is accomplished by passing the paper through a
liquid (Freon-113) suspension of iron particles (mapico
black coated with resin) which is in a state of rapid agita-
tion. This operation can be accomplished with the appara-
tus illustrated in Fig. 8 at speeds greater than 15 lines per
second. For off-line operation a continuous feedthrough
would be utilized. For on-line operation, since it is not de-
sirable that the paper stop for any length of time in the
inking solution (overinking would occur), a take-up reel
would be utilized so that the paper would be passed
through the inker in long passes (10 feet or more). As
soon as a pass through the inker was completed the paper
would stop, the agitation would stop, and therefore further
inking would cease. When another ten feet of paper built
up, the printer would signal the agitator to begin again
and another ten feet of paper would be inked.

III. DEsiGN PARAMETERS AND EXPERIMENTAL RESULTS
A. Needles

1. Needle Permeability: The flux density, B,, concentrated
in the needle is a measure of the print quality that can be
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Fig. 10—Needle retentivity and trailing.
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Fig. 11—DBuild-up of flux in wires and sheets
subjected to sudden constant field.

obtained since it is directly proportional to the field mag-
netizing the paper. A certain minimum B, is necessary as
a print threshold, and as high a value as possible should be
obtained consistent with the other variables. Since B, = pn
(needle permeability) Hp (field due to bar), it can be seen
that keeping all other parameters constant, the higher ., is,
the higher B, will be. The effective permeability y’, is not
only a function of the material utilized but also of the
length to diameter ratio of the needle. The graph in Fig. 9
illustrates how important this ratio is.?

If the needle utilized has “hard” magnetic characteris-
tics (permanent magnet properties), and retains part of
its field after being pulsed, it will continue to print in a
weaker fashion if this field is above the threshold value of
By. To eliminate this “trailing” effect, “soft” magnetic
materials should be used. For example, if trailing occurs,
the letter T would look as shown in Fig. 10.

2. Needle Response Time: In te megacycle region, the
needle response time will be primarily dependent upon eddy
current effects, These effects are in turn functions of per-
meability, resistivity, and geometry. The graph?® in Fig. 11
illustrates the effects of these variables for wires (nee-
dles).

*R. M. Bozorth, “Ferromagnetism,” D. Van Nostrand Co., Inc,,
New York, N.Y., p. 848; 1951.
8 Ibid., p. 784.
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Fig. 12—Field distribution for magnetized paper area.

The larger the resistivity, and the smaller the diameter
and permeability, the quicker will be the rise time of the
needle. The same general argument will apply to the de-
cay of the fields. An example follows:

H=0, t=0
H=H, (20
Needle —mu-metal (u=~4X10%).

Let 1 — —— = 0.1 (4.¢., 90 per cent of rise is attained)
wHp
at = 0.35.
Case I:
7 = 0.005 inch
t = 0.44 psec.
Case 11I:
r = 0.060 inch
i = 66 usec.

If the needle response time is too slow, a transient
“trailing” effect analogous to permanent retentivity will
be present.

3. Needle Shape: Fig. 12 is a lateral view of a piece of
magnetic paper containing a pulsed portion. The area
which will most attract the permeable powder is that por-
tion exhibiting maximum field strength. It is apparent that
this will occur not at the center of a pulse, but at the edges,
where a short return path for the magnetic flux is availa-
ble. Print density from a large needle will suffer by hav-
ing central unprinted areas, while a very small needle will
have lesser area coverage on the paper. The effect of
powder diameter should be appreciable as the particle size
approaches printed area dimensions.

4. Effect of Needle Length: Curves 1, 2, and 3 of Fig. 13
illustrate the general behavior to be expected of the hys-
teresis curves as needle length is shortened while diameter
is kept constant. The heavy lines depict the static magneti-
zation-demagnetization curve while the dotted line indi-
cates the mode of demagnetization in a dynamic (high
frequency) case. After a short period of time, B will drop

to the normal static case.
a) The needle of Curve 1 will exhibit strong “transi-
ent retentivity and also permanent retentivity which
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Fig. 14—Paper field definition and concentration
as a function of paper-needle distance.

will cause light print to appear on the paper even if
the bar is not being pulsed.

b) Needle 2 will exhibit weak “transient” trailing and

no permanent retentivity.

¢) Needle 3 should show no “transient” trailing or per-

manent retentivity.

These effects were all demonstrated by experiment, and
strong printing with no trailing was obtained with soft
iron, piano wire, and mu-metal of 0.10 and 0.05 inch in
length.

5. Needle Distance from Paper: As the needle is moved
away from the paper surface, a marked diminishing of
field strength and definition is apparent (see Fig. 14).
Thus, optimum printing conditions will be present when
the needle is as close as possible to the paper surface.

6. Overlap of Needle Fields: In a three or multiple-by
system depicted in Fig. 3, it is possible for the fields of
successive needles to cancel each other if they overlap.
Fig. 15 shows what proper and improper needle spacing
can do in a two-by system.

7. Needle Pulsing: Six mu-metal needles were wound with
twenty-five turns of wire each and connected in series
through a commutator so that the pulses received were the
same that were ordinarily fed to the bar (see Fig. 16).
Experiments were conducted to determine the effect of:
a) Needle pulsing alone.
b) Needle and bar pulsing with same and opposite po-
larities. '
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Fig. 15—Paper field patterns as affected by needle overlap.
(a) Improper. (b) Proper.

Fig, 16—Close-up of needle pulsing equipment.

¢) Needle pulsing in the presence of a nonmagnetic
(lucite) bar. _

All results were positive but it was felt that the slight
improvement in print quality did not warrant the extra
trouble inherent in mechanizing the commutator system.

The purpose of this experiment was to determine wheth-
er the directed field emanating from the needle point it-
self, instead of the bar, would improve definition of print.
Very little improvement resulted.

8. Needle Materials Tested: The following materials
(available in needle form) were tested to determine opti-
mum results with respect to permeability, retentivity, and
response time: ,

a) Welding rod (commercial grade)

b) Piano wire

¢) Phonograph needles

d) Ferrite

"e) Mu-metal

f) Laminated mu-metal

g) Pure iron wire (reagent grade)

h) Pressed powered carbonyl iron (GQ-4).

The best over-all characteristics were obtained with mu-
metal which exhibits high permeability (response at low
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Fig. 17—Effect of bar field on paper field
concentration and definition.

field strengths), low permanent retentivity (no perma-
nent trailing), and fair eddy current lowering (slight
“transient” trailing found at high field strengths). Transi-
ent trailing (eddy current effects) is apparent with all
needles at high field strengths, but decreasing the length
to diameter ratio of the needle almost completely elimi-
nates this effect. »
As a result of these experiments and analysis of design

- parameters, the needles utilized in the printer were fabri-

cated of short (50-mil length, 7-mil diameter) pieces of
mu-metal wire. The wire was then mounted in nonmag-
netic stainless steel cylinders (60-mil outside diameters
with a 7-mil hole drilled down the center) to give rigidity
and to keep the wires away from the surface of the alumi-
num drum. The cylinders had no noticeable effect upon
the print quality. ‘

B. Bar

1. Field Strength of Bar: Weak bar fields will cause no
print at all until the threshold of B, is exceeded. Very
strong fields will cause printing over a wide area with loss
of definition, even though field strength is increased. An
optimum field strength exists (see Fig. 17).

The effect of varying the current through the bar from
0.5 amp to 3.0 amp is illustrated by Fig. 18, next page.

2. Effect of Stray Field from the Bar: Because of stray
field from the bar, weak print may appear both above and
below the desired line unless special precautions are taken.
This effect was substantially decreased by winding the bar
up to its very tip, thus effectively directing the field in the
desired direction, Fig. 19 illustrates the two cases.

3. Bar Distance from Paper: Since B, =~ wHjg, and since
Hpy does not vary much with small distances from the bar,
one would expect approximately the same definition of
field in the two cases. Gradual diminishing of field strength
as the bar is moved from the paper should also occur (see
Fig. 20).

4. Electronic Response Time ond Bar Permeability: The
rise time of the electronic circuitry pulsing the bar should
be kept to a minimum. Besides being a function of various
circuit parameters, the electronic rise time is markedly
affected by the L/R ratio of the pulsing coil. The number



248
0.5 Gllip T L R R N R N BT S RN D
L I T IT R I} Ve BN IO B TR T R AR RRLT
B TR S R S I [ | n\“\a[u-‘[.nh"ﬂi (AR

BT ORAE L Ok b | R VAL GRS | 1

Increasing

eas ~BIC AHE T e GH IR MNOEDRS 1L
Current ’

--#flu"nHﬁ'n‘ut- ML IED MY QRS L
C~BMC AR FEH LKL MNOFQRS TUM
LB AR B TSH K MNOFORS T LY

~PMCARCOFFEH|LIKE MNOFQRSTUY

~PMCARCHFFGEHJKE MNOPARSTUY

y ~PMCARCHE FGH LK MNOPQRS TUW
3.0 amp o
~PMCARCHF FGHI LK MNOPARSTUY
Fig. 18—Effect of bar current. .
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Fig. 19—Bar field. (a) Properly wound. (b) Improperly wound.

of turns about the bar should be made an optimum with
respect to print quality, since not only rise time but Hp is
a direct function of the inductance of the coil. To obtain a
given g, (or a given number of ampere-turns) the cur-
rent should be maximized consistent with other variables
and the number of turns held to a minimum. Bar permea-
bility should be as large as possible to minimize number
of ampere turns necessary.

5. Bar Response Time: The magnetic response time of the
bar lags behind the pure electronic response, and, if too
slow, may cause transient “trailing” of the same type as in
Section 1II-A, 2 (needle eddy-currents).

0. Bar Retentivity: As long as the retentivity (Hpz)ret iS
below the threshold value for printing, this may aid some-
what in acting as a “bias.” Instead of pulsing the bar from
Hp = 0to Hg > (Hp) tnresnora, One may decrease the eddy

currents by pulsing from (Hpg)ret to Hp > (Hz) thresnorar

The same type of analysis would apply to needle reten-
tivity.

7. Bar Material: Bars constructed of the following ma-
terials were tested:

a) Ferrite

b) Mu-metal

¢) Laminated mu-metal
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Fig. 20—Paper field concentration as a function
of paper-bar distance.

50 mil g-metal needle

Steel Cylinder
(a) (b)
Fig. 21—Effect of drum mass. (a) Poor print. (b) Good print.

d) Pressed carbonyl iron (all types)

e) Cold rolled steel.

Good print was attained with all bars tested, but ferrite
gave consistently better results, At present speeds, ferrite
gives acceptable results (as do the others). At higher
speeds, on the order of 10,000 characters per second, fur-
ther experimentation may be necessary to provide a high
enough response time.

The final bar utilized in the printer was 0.1 inch wide,
0.875 inch high, and 8 inches long. 100 turns of wire were
wound in four layers of 25 turns each, concentrated on the
upper 34 inch of the bar (to keep the field well defined).
Continuous runs were not made, but it is anticipated that
heat effects with concomitant insulation breakdown of the
wire will occur under these conditions if precautions are
not taken. Magnet wire with high temperature characteris-
tics will be necessary.

C. Drum

The large mass and high electrical conductivity of the
aluminum drum used in the prototype magnetic printer are
the cause of large eddy current effects, so that it has been
found necessary to mount the mu-metal needles as far
from the drum surface as possible with present equipment.
No print at all was obtained when the needles were at the
surface of the drum, while marked improvement was ob-
tained by moving the needles away from the drum surface
as indicated in Fig. 21.

Other approaches which would eliminate this effect are:

1) Fabrication of a nonconductive drum.

2) Coating the aluminum drum with a nonconductive

layer at least two inches thick.

D. Aluminum Paper Guides

Fig. 22 illustrates the geometrical configuration of paper
guides, bar, needles, and paper; Fig. 23, the print obtained
from this system. ’
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Fig. 22—Effect of paper guides.
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Fig. 23—Print with paper guides.

While needle 2 of Fig. 22 is pulsing, needles 1 and 3 are
so close to the paper surface that the stray field from the
bar causes weak print to appear both above and below the
desired line. Letters below are displaced one needle to the
left and those above, one needle to the right.

For example, while needle 2 is tracing out the center
scan of the letter T, needle 1, which is displaced to the
left and which is beneath the line, is tracing the same scan.
Needle 3 is doing the same thing above the line and dis-
placed one to the right.

A slight amount of retentivity is also apparent. This is
attributed to the presence of the high conductivity alum-
inum guides with consequent eddy currents. These two
effects were eliminated by utilizing the following system
illustrated in Figs. 24 and 25.

By causing the paper to be bent sharply over the end of
the bar, it is possible to eliminate the effect of the adjacent
needles, since print threshold is very sensitive to distance
of the needles from the paper. The lines seen above and
below the print are due to an “edge effect” of the bar.
Extra strong lines of force emanate from this region and
the effect was easily eliminated by placing a 5-mil mylar
shim over the bar surface. This sufficiently lowered the
field of the edge to a value below the print threshold but
did not substantially lower the over-all field strength.

E. Paper

1. Paper Response Time: Since the magnetic layer in the
paper is composed of finely powdered ferrite particles,
with consequent minor eddy-current problems, it is prob-
able that the paper response time is appreciably faster than
that of the bar and needles.

2. Paper Magnetic Fields: In order to most strongly at-
tract the printing ink (fine magnetic powders), the mag-
netic particles in the paper should have characteristics of
maximum retentivity.

The National Cash Register High-Speed Magnetic Printer
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Fig. 24—New guide system.
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Fig. 25—Print with new guide system.
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Fig, 26—Paper field patterns as affected by premagnetization.

3. Paper Orientation and Magnetization: Since the ferrite
particles in the magnetic layer are asymmetric, they should
be oriented during manufacture so that the axis of maxi-
mum permeability lies in the direction of the field which is
to be applied (i.e., perpendicular to the plane of the paper).

Premagnetizing the paper in a direction opposite to that
of the applied field should enhance printing -density by

shortening the flux return path (see Fig. 26).

F. Inking

1. Liquid Inking: Investigations determined that inking in
a liquid medium did not have to be conducted under static
conditions. Agitation by a Fisher Vibrastirrer yields
greatly improved results. Movement of paper through the
liquid medium does not cause smearing or other deleteri-
ous effects on print quality. An experimental inking cham-
ber is illustrated in Fig. 8.
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2. Gas Phase (Dust) Inking: All experimentation in this
area yielded poor results with a large amount of back-
ground inking. There is also a serious danger of explosion
when utilizing small iron particles in a system where static
charges can be built up.

3. Inks and Field Atiraction: If an unmagnetized particle
is brought into the field of a permanent magnet, the force
of attraction is as follows.* (See Fig. 27.)

M My

CO= X .-iN sl

6MM,; where
F (attraction) = ——— M —induced magnetic
X* M, = permanent magnet’

Fig. 27—Attraction of permeable particle by a magnetic field.

The larger the permeability of the particle, the larger
are M and the attractive force. At the same time it is de-
sired to minimize the X* term by using fine particles to
allow a minimum distance of approach. Thus, since fine
particles have lowered permeabilities,” an optimum ink
particle size must be experimentally determined in order
to maximize (F/mass) of the particle.

Particle shapes and interactions with surrounding fluids
will influence the rate and density of deposition upon a
magnetized paper surface. Maximum covering power per
particle is also desirable for best printing contrast.

4. Solvents: Freon-113 is an excellent dispersing agent be-
cause it has the following properties:

a) Volatile

b) Nontoxic

4Ibid., p. 729.
3 Ibid., p. 45.
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¢) Noninflammable
d) Nonviscous.

IV. PrEseNT CHARACTERISTICS AND FUTURE
CAPABILITIES

The present characteristics and future capabilities are
listed below.

1) Speed—1-2000 characters per second at present:
20-50,000 characters per second ultimately.

2) Type face—External and replaceable fonts of 64 or
more characters each; unlimited number and kind of
characters are available with the restriction that they
must fall within the space usually reserved for capi-
tal letters.

3) Legibility—Comparable to typewriter print.

4) Noiseless—Except for paper feed.

5) Low maintenance—No mechanical moving parts ex-
cept rotating drum. No breakdown due to solenoids
and moving hammers, no wear of type face, no rib-
bon debris.

6) Serial operation—No line buffer necessarily needed.
Continuous (nonintermittent) off-line paper feed
possible. .

7) Copies—Unlimited number available from a multi-
lith master which is printed directly, Only one copy
immediately available unless printing is conducted
in tandem.

8) Immediate visibility—Not available: lag of ten feet
of paper if used for on-line operation with take-up
reel; about two feet for off-line operation with steady
travel through inker.

9) Character size—Present machine has ten characters
per inch, each 0.1 inch high, width of printing line
80 characters. All of these parameters can be easily
varied. ’ ’

CTIEZTO
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On-Line Sales Recording System

J. S. BAER!, A. S. RETTIG!, anp I. COHEN'

InTRODUCTION

HIS PAPER presents an equipment description of
a pilot on-line Sales Recording System currently in
operation for the Associated Merchandising Corpo-
ration as part of a research project. This pilot system com-
prises point-of-sale units connected to a central computer
by means of an Input-Output Buffer Unit. The operating
characteristics of this system are such that they may be ex-
tended to include, for example, inventory and production
control, and the handling of transportation reservations.
Operation of the pilot unit which started in April, 1957,
has continued with highly satisfactory results. The Sales
Recording System has maintained an average “up-time”
record of over 97 per cent for the past nine months.

SALES RECORDER

The point-of-sale unit or Sales Recorder (Fig. 1) con-
sists of a keyboard for manual input, in combination with
a character display, and a procedure indicator. There is a
punched tag reader for automatic input of the sales person
number, customer number, and merchandise stock number.
An output printer provides for a three-part sales check at
the point of sale, The entire unit is packaged over a cash
drawer and is contained within a vented aluminum hous-
ing, which opens completely for servicing.

The keyboard (Fig. 2), is of the type commonly re-
ferred to as a ten-key keyboard. Actually, it consists of
fourteen keys—ten numeric and four control keys. The
four control keys are: Enter, Nonmerchandise, Clear, and
Total ; they allow the operator to control the procedural in-
put to the machine,

The keyboard is designed to provide both manual and
electrical interlocks, When one key is depressed, another
key cannot be depressed, and two keys cannot be depressed
at the same time. The actual depression of the key is only
for the first position of the key stroke. From that point on,
the key is mechanically pulled down, and is held down
until the Input-Output Buffer Unit has recognized the
character being input as a legitimate one. When this rout-
ing is complete, the key is allowed to return to its normal
position. Each time a numeric key is depressed, that num-
ber is shown in a lighted character display window of the
point-of-sale unit. In this manner, a sales person can ver-
ify any item prior to striking the Enter key, which clears
the display.

t Electronic Data Processing Div., Industrial Electronic Prod-
ucts, RCA, Camden, N.]J.

Fig. 2—Sales Recorder controls and indicators.
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The output of the keyboard is four bits with parity.
These five bits, plus an additional control bit, are the in-
formation levels sent to the Input-Output Buffer. Opera-
tion of the keyboard can be at the sustained rate of six
characters per second.

The procedure indicator provides a visual indication to
the operator of where in the procedure the operator should
be at any given time during input of information to the
Input-Output Buffer. The indicator consists of a plastic
engraved drum driven by a stepping switch. The drum ad-
vances one step each time the Enter key is depressed. Upon
depression of the Nonmerchandise key, the drum advances
to the nonmerchandise field. Upon depression of the Total
key, the drum advances to its original start position.

The punched-tag reader was designed to accept the
twenty-five column, Dennison tag, or abbreviation of it.
When a sales person or customer number tag is read, the
tag is returned after read-in, so that it may be retrieved

R f B

Fig. 3—Partially assembled unit with the Procedure Drum and key-
board in place and the tag reader and printer shown separately.

by the operator. In the case of the merchandise tags, how-
ever, the tag is read and retained in the machine, which
prevents littering the counter with merchandise tags. Since
all of the tag information has been recorded on magnetic
tape, the merchandise tags may be removed from a bin and
discarded at the end of the day. The first character of any
tag indicates which of the three types it is and if the wrong
tag is inserted, the logic of the machine is such that the tag
reader stops, and the Clear key must be depressed in order
to retrieve the tag. The tags are read one step or character
at a time, 7-1/2 characters per second. Again, as in the
keyboard, the tag reader stops in a reading position and the
output is verified as a valid binary number, prior to ad-
vancing to the next reading position. An electrical interlock
between the tag reader and the keyboard prevents key-
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board operation when a tag has been inserted in the reader.
The actual reading of each character on the tag is accom-
plished by “sensing” the tag with five pins so connected
through linkages as to actuate switches in the presence of
holes.

When the Total key is depressed, the Sales Recorder is
placed in the output mode causing the cash drawer to open
and allowing the print-out of the sales check to begin.
However, in a credit type sale, if the purchaser did not
have a good credit rating, a Hold button will light, provid-
ing a bad credit indication to the operator, and preventing
print-out. Print-out will proceed if the operator presses the
Hold button.

The same mechanism that provides the character display
for the keyboard is also the principle portion of the output
printer. The output printer consists of ten numerical print
wheels fabricated from nylon. These wheels are set up se-
quentially directly from the information sent by the Input-

Fig. 4—Complete assembly with the cover removed.

Output Buffer Unit. When a line of print has been set up,
a print platen is released, the line is printed, and the paper
advances to the next print position. The speed of this op-
eration averages about six characters per second. An auto-
matic overprint provides a visual indication on the check
for credits or C.O.D. transactions.

The paper used consists of a three-part sprocket-fed
preprinted form, The first copy is obtained through an ink
ribbon impression and the back copies are carbonless paper,
and require no ribbon for printing. Since the form is pre-
printed, the paper feed machanism is programmed in con-
junction with the printer so as to print only in the correct
blocks or spaces on the check and not in the preprinted por-
tions.

The printer, keyboard, and tag reader. are all separate
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units that plug into the base assembly. Fig. 3 gives an ex-
ploded view of the Sales Recorder while the complete as-
sembled unit is shown in Fig. 4.

BUFFER

The Buffer Unit is a multiplexing device which allows
the transfer of data to and from as many as ten Sales Re-
corders. Working on a time-sharing basis, the buffer per-
mits independent operation of each Sales Recorder. A
block diagram of the Buffer Unit is shown in Fig. 5.

The communication between the Sales Recorder and the
Buffer Unit consists of information flow within a closed
loop.

At both receiving ends of the loop the character is
checked for parity errors. If wrong parity is sensed, the
character is rejected and an error displayed at the Sales
Recorder. The keyboard of the Sales Recorder remains
locked until the error is cleared. As mentioned earlier, the
return of the correct character from the Buffer Unit to the
Sales Recorder unlocks the keyboard so that another char-
acter may be entered. This double check, together with the
relatively high power used in the transmission and the low
impedance at both ends, makes the system very reliable
from the point of view of the data exchanged, and insensi-
tive to noise and crosstalk.

SALES RECORDER DRUM

I SECTOR
I STORAGE

| /© INPUT {
2z

CORES
INPUT-

ouTePUT
REGISTER

CODING

KEYBOARD == MECHANICAL
TAG READER [——) OPERATION

MARKING PULSE
{cwcx SIGNALS'

- ————] THYRATRONS l.éJoTRPEUST

PRINTING DECODING
a RELAY

MATRIX

DISPLAY

LEGEND [——)  DATA PATH —> CONTROL PATH

Fig. 5—Block diagram of the Buffer Unit.

The two information trunks are actually contained in a
single cable that connects each Sales Recorder, via a junc-
tion box, to its designated input terminal at the Buffer
Unit. To best describe the functioning of the Buffer Unit,
its operation will be divided into two modes:

1) Input: receiving information from the Sales Re-
corder—or entering transaction data, and

2) Output: sending the processed information to the
Sales Recorder—or the printing of the sales slip.

Let us consider the input mode. The 6-bit binary charac-
ter in the form of voltage levels created by either depres-
sing a key or reading a character from a tag in the tag
reader is transmitted by cable directly to the input mag-
netic core bank. (See Fig. 5.) There is a bank of input
cores associated with each Sales Recorder. The cores serve
the dual function of noise suppression and gating.
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Also associated with each Sales Recorder is a portion of
a magnetic drum called a sector. That part of the drum con-
taining all the sectors is designated as the Sector Channel.
Each sector has a storage capacity of 360 5-bit characters.
The sector is divided into preassigned fields correspond-
ing to 1) the items listed on the Procedure Drum for in-
put information, and 2) those items required for output
information. These variable fields, once established for the
desired application, are fixed in length. Thus, for instance,
there is a three-character field for the sales person number.
If insertion of a fourth digit is attempted, the Clear light
at the Sales Recorder will light, indicating that the capacity
of the field has been exceeded.

A special indexing track on the drum, called the Mark-
ing Pulse Track, provides the indexing mark within each
sector to indicate the location of the character last operated
on and the field starting position.

A magnetic core shift register in synchronism with the
magnetic drum provides a read-out pulse that transfers the
information from the input cores to the Input-Output Reg-
ister at the time that the sector associated with the respec-
tive Sales Recorder is accessible. Since the arrival of the
information from the Sales Recorder is asynchronous with
respect to the read-out pulse, core logic is provided to as-
sure that a complete character is actually placed in the
Input-Output Register. Once in this Register, the informa-
tion is checked for parity, and if an error is sensed an er-
ror control flip-flop is set.

If a numeric character is present, it is written on the
sector at the location specified by the marking pulse. How-
ever, if the character in the register is one of the six opera-
tional commands, the matrix in the control unit is acti-
vated, so that the specified command level is generated.
These command levels enable their related logic to perform
the required function. In either event, a parity error pre-
vents the processing of the character in the register.

The information transferred at the start of the sector
cycle remains in the Input-Output Register for a time in-
terval equivalent to a sector period, approximately 4.1 msec.
All operations pertaining to the character received are exe-
cuted within this period. Therefore, it is the Input-Output
Register that is being time shared, allowing the sequential
sampling of information in each input core bank.

Clock signals are provided so that synchronous timing
with the magnetic drum occurs.

Just prior to clearing the Input-Output Register, near
the end of the sector period, the contents are transferred
to the output core bank. If the error control flip-flop
was set, the Input-Output Register is cleared before the
contents are transferred, so that the output core bank con-
tains all zeros. Shortly thereafter, the information is read
out of the cores to fire their associated thyratrons, thus
forming the return character which activates the decoding
relay matrix in the Sales Recorder. This in turn terminates
the transmission of the character to the Buffer Unit, and
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also extinguishes the thyratrons by removing their plate
voltage. As was the case for the input cores, there is a bank
of output cores and thyratrons associated for each Sales
Recorder.

The information levels transmitted by the Sales Re-
corder remains present for several complete auxiliary mem-
ory cycles, about 130 msec, at which time an error indication
is made, unless the correct character echo is returned
earlier. Since all zeros are returned to the Sales Recorder
when parity error is detected, the information transfer is
not interrupted. Therefore, a second or third chance is
afforded to correctly process the: transmitted character,
and thereby minimize the possibility of transient errors
stopping the operation.

Let us now consider the output mode where informa-
tion is being printed on the sales slip. In the output mode,
the information to be transferred to the Sales Recorder
originates from the sector storage. However, a character
is only transmitted when a request for information is made
by the Sales Recorder, and then only one character is
transferred per request. The buffer, in processing this re-
quest, will allow a character in sequence, as indicated by
the marking pulse, to be transferred from the respective
sector to the input-output register. Once in this register,
it can be read into the output cores and the thyratrons fired
in much the same manner as is done during the input mode.

The central computer processes a transaction only if the
input of data from a Sales Recorder has terminated. This
is signified by a total symbol entered at the beginning of
the respective sector when the total key at the Sales Re-
corder is depressed. Before the buffer can respond to the
Sales Recorder’s request for a character, the processing
of its associated sector by the computer must be completed.
After the central computer has signaled that this processing
is completed, it has no further control over the respective
sector,

The seventh line in the output trunk furnishes the over-
print level to the Sales Recorder. Another thyratron per
Sales Recorder is provided and operated by a special con-
trol flip-flop. This control storage is activated by a program
controlled character coming from the sector storage.

Each sector may be in a different operational state at a
given time independent of one another, and thus there is
no interference or interruption of communication between
a Sales Recorder and its associated sector storage.

REcorDER CENTRAL

The central computer, referred to as Recorder Central, is
a general-purpose internally programmed digital device
with a fixed order code. As shown in Fig. 6, it comprises a
magnetic drum, an arithmetic unit, a control unit including
a clock and control pulse generator, a small high-speed
magnetic core memory, and an operator console to provide
program and operator control. The magnetic drum con-
tains, in addition to the sector channel, a random access
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stock and credit reference file, the program storage, the
work space for transaction processing, and the necessary
timing tracks. The small high-speed memory of twenty-
character capacity is used for all operations, except trans-
fers within the drum.

The computer is a one-address, variable word, numeric
machine. An instruction word consists of an order code
of two characters, and an address area consisting of four
characters. The order code was specially designed to
facilitate file processing as well as rapid calculation. The
order code contains instructions for communication be-
tween a. Sales Recorder sector and the computer, arith-
metic computations, decision and control operations, file
processing, and console input and output via paper tape
and monitor printer,

COMPUTER
( MAGNETIC DRUM \
DRUM WORKING PROGRAM REFERENCE
SECTOR .
STORAGE | STORAGE | CONTROL FILE
BUFFER J
UNIT ) HiGH
N SPEED g
MEMORY CONTROL
UNIT
ARITHMETIC
LEGEND oNIT
2> DATA PATH
3
«————> CONTROL PATH [ CONSOLE

@

Fig. 6—Block diagram of the Recorder Central.

- Upon recognition of the Total symbol by the computer,

the entire contents of that sector are transferred to the
working storage. The sequence of words and their posi-
tions within the sector remain the same. Thus, transaction
processing requires a minimum of editing and rearrange-
ment for output printing.

The input data in the working storage is analyzed to
determine how the transaction is to be processed. If the
transaction requires the verification of a customer’s credit,
the customer’s charge number is processed against a credit
exception file. All stock numbers are passed against the
stock reference file to determine price and city, state and
federal tax information. These data are obtained for all mer-
chandise items sold in the transaction. Prices are extended,
subtotal and total calculated, and required information
listed for printing on the sales slip, after which the con--
tents of the working storage are written out to the trans-
action record magnetic tape. After receiving a check signal
from the tape station, the information in the working stor-
age is then transferred to the respective Sales Recorder
sector and the Input-Output Buffer notified that transac-
tion processing is completed.

To determine the beginning and end of the variable sized
items on the drum processed by the Recorder Central, item
markers are used. The working storage can be changed in



Baer, Rettig, and Cohen: On-Line Sales Recording System

layout to represent any kind of sales check or business form
corresponding to the Sales Recorder sector layout. The
ability to vary the reference storage message sizes to con-
form to variable word requirements allows great efficiency
to the use of the drum.

Access to the file storage is hastened by avoiding long
indexing searches. Messages within the file may be either
extracted, deleted, changed, or added, by separate orders.
Variable sized criteria may be used with these instructions
to extract desired information. Thus, one may be interested
in all swim suits, in all bikini swim suits, in all bikini swim
suits with blue polka dots, by adjusting the criterion ac-
cordingly.

To gain access to the desired data of a message, a
mathematical transformation on the criterion of the mes-
sage is used. This allows minimum delay in locating the
messages and thus speeds up over-all transaction process-
ing. More important, however, by avoiding the use of in-
dexing routines, messages can be entered into the reference
storage or extracted from it without the requirement of
prior sorting and collating. Thus, the problems of file main-
tenance are considerably simplified and external processing
is appreciably reduced.

Fig. 7—Recorder Central and Input-Output Buffer Racks
with console and power supply.

The control console may be used to monitor system oper-
ation or to provide means for manual control of the Re-
corder Central. A view of the Recorder Central is provided
in Fig. 7. All control flip-flop indicators in the machine are
displayed as an aid in maintenance and program debug-
ging. All areas of the computer may be interrogated from
the console. Information can be introduced either manually
or by means of paper tape. A monitor printer is provided
for printing the contents of the high-speed memory or any
portion of the auxiliary memory when desired. Marginal
checking facilities are also controlled from the console.
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All transaction processing operations are carried out
automatically. If information concerning daily transactions
is required at any time by the Electronic Data Processing
System the current transaction record magnetic tape can
be remotely disconnected, and a new tape connected, by
the Sales Recording System.

The Recorder Central contains many built-in checking
features. Redundancy checking is used throughout the
equipment to determine errors in transmission of char-
acters and to isolate their sources. Arithmetic operations
are repeated and results compared. Orders are checked
before they are carried out. These, among others, are de-
signed to insure against incorrect processing. However, in
a system used for on-line processing the ability to maintain
continuous operation is of paramount importance. Thus,
the Recorder Central is designed to attempt to overcome
any error a fixed number of times before it will stop opera-
tion. This will discriminate between transient errors and
those due to catastrophic breakdown, In the latter case, a
complete set of machine status indicators is available at
the console, specifying exact portions of an order in which
failure had occurred for ease and rapidity of maintenance.
Plug-in type module constriction is used to facilitate
troubleshooting, preventive maintenance, and replacement
in case of failure,

CoNCLUSION

The Sales Recording System represents a great step
forward in providing the means for data integration within
a department store. The Associated Merchandising Cor-
poration’s research installation has demonstrated beyond a
doubt that on-line Sales Recording systems are a reality.
Here, for the first time, a variety of transaction types, as
broad as the store desires, may be processed directly from
a point-of-sale unit, with complete computation performed
by a fast, accurate, and versatile high-speed computer, in-
cluding an automatically printed sales slip.

But more than this, the point-of-sale unit can be used
to either interrogate the reference file and thereby gain
immediate access to any desired information, or actually
enter new reference information, directly from its remote
location.

It is important to note that this information need %ot be
in any ordered form. Furthermore, a magnetic tape record,
made for each transaction entered, provides a direct and
reliable means of furnishing the information to an Elec-
tronic Data Processing System for data handling. The
Electronic Data Processing System can have access to the
magnetic tape at any suitable time without interrupting
transaction processing by Recorder Central,
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Discussion

J. T. Wallace (Eastman Kodak Co.):
Is the Dennison tag reader available sepa-
rately and what is the general means of
reading the tag?

Answer: Yes, it is. The reading is ac-
complished by pins going through the
holes and consequently making switches.

N. J. Dean (Ramo-Wooldridge Corp) :
What is the capacity, speed, and form—
tape, drum, etc—of the random access
reference file? ) :

Answer: The random access reference
file which is a portion of the drum has a
capacity of approximately 72,000 char-
acters. The speed is approximately 1500
rpm with a character rate of slightly less
than 100 kc.

Question: How many characters in a
complete transaction? If more than one,
is the entire message buffered before pres-
entation to the computer?

Answer: There could be up to 360 char-
acters. That is the full capacity of a sec-
tor, there being 10 sectors for the sector
storage.

The normal transaction will have a
smaller percentage and therefore the sec-
tor capacity was laid out so that you could
process a maximum of five merchandise
transactions and five nonmerchandise type
transactions per sale.

An entire message is retained in the
sector until the “Total” indication has been
given. At this time, the complete sector is
transferred ino the “Working Storage.”

Mr. Dunham: Do the marking pulses
and clock signals originate from the mag-
netic drum?

Answer: Yes.

Question: Will this point-of-sale unit
include customer billing?

Answer: Ultimately it could, by provid-
ing all the necessary information to an
Electronic Data Processing System.

Question: How do you plan to handle
the sales slip; namely, is a copy to be re-

turned to the customer—a generally ac-
cepted billing practice?

Answer: One copy of the sales slip is
given to the customer at the time of pur-
chase. The other two are retained by the
store; one to be included with the monthly
statement for charge sales, and the other
for record purposes.

Question: I would like an idea of the
general size and cost of a complete system
for a medium size department store.

Will one computer handle any number
of sales recorders? How many pieces of
intermediate equipment are required?

What provisions would be made for
leaving an alternate means of recording
sales in the event of computer failure for
even a short time during the day?

Answer: For cost figures our sales de-
partment should be contacted.

The number of Sales Recorders that
may be handled by a single computer is
a function of the computer handling rate
as well as the random access rate to the
reference file.

A paper tape punch could be used as a
stand-by unit to capture the required in-
formation for f{future data processing,
while the sale may be handled by normal
sales book method.

Question: What is the expected cost on
each point-of-sales recorder?

Answer: For cost figures our sales de-
partment should be contacted.

Question: Do you intend to use tele-
phone lines to connect a remote point-of-
sales recorder to files and computer?

Answer: Long-distance hookup, that is,
beyond the confines of a store, has not
been considered as yet.

Question: How many point-of-sales re-
corders can be attached to your system?

Answer: The system is a pilot system,
and therefore provision for only ten Sales
Recorders was made.

Question: What is the maximum num-
ber of input-output units you can couple
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to the described system?

Answer: For this pilot system, thirty
Sales Recorders were set as the maximum,
and still maintain an average transac-
tion rate of one a minute with an average
queueing rate of one second for the tran-
saction processing.

Question: What provisions are made
for multiplexing or sequencing between the
many point-of-sale units and the central
computer?

Answer: Each Sales Recorder has a
sector allocated to it. When the sector
comes under the read heads, the associ-
ated Sales Recorder will receive informa-
tion if it’s in the output mode or furnish
information if it's in the input mode.

Question: Can a department store eco-
nomically justify the use of these Sales
Recorders?

Answer: This is a question for the in-
dividual department store to answer.

Question: How much time is required
to process a transaction at the point of
sale? Did you find that this time require-
ment was in any way objectionable to the
customer?

Answer: The transaction time varies
with the data to be entered, of course.
However for average length transactions
a rate of less than one minute per transac-
tion may be sustained. This was found to
be in no way objectionable to the custo-
mer,

Question: If the point-of-sales unit can
enter new reference information, as on
credit, can a customer operate one point-
of-sales unit in the absence of the sales-
man and thus improve his credit rating
prior to making a large purchase?

Answer: No. Although special coding is
provided to allow entry of data from the
Sales Recorder, it requires a knowledge of
the code (nonmerchandise code) and a
special sales person number. Adequate
programming checks are provided to ac-
complish this.
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Organization of Simulation Councils, Inc.

HIS YEAR Simulation Councils, Inc., accepted

with great pleasure S. N. Alexander’s (1957 EJCC

Chairman) invitation to hold its annual meeting in
conjunction with the Eastern Joint Computer Conference.
This allowed members of the regional groups to meet at a
national conference where all members had a definite in-
terest. The Simulation Councils participated in two of the
formally scheduled sessions, and in addition, four informal
sessions were held at which papers were presented by its
members.

The following background information is provided to
familiarize members of the ATIEE, ACM, and IRE with
the objective of the Simulation Councils.

Simulation Councils, Inc., is an organization formed
to improve communications at the working level concern-
ing methods of using simulation techniques and equip-
ment to facilitate the study, design, test, and analysis of
physical systems. These objectives are quite broad and
naturally are very much related to the use and application
of electronic computation.

The beginning of this organization occurred in Novem-
ber, 1952, when a group of persons associated with the
operation of general purpose analog computers decided
to hold informal meetings for discussing the details of
problems and methods for their solution, equipment, and
new ideas. It was decided that the minutes of such meet-
ings would be published in an informal newsletter which
would be made available to all those interested, including
those who were unable to attend.

The group holding this first meeting evolved into the
Western Simulation Council. Following the same concept
and procedures, five other Councils were organized: the
Midwestern Simulation Council, Eastern Simulation Coun-
cil, Central Simulation Council, Southeastern Simulation
Council, and the Canadian Simulation Council. All these
Councils have joined into an international group which is
called Simulation Councils, Inc. The purpose of this
group is to provide a medium for publishing the minutes
of the meetings of all regional groups, and to arrange
annual meetings to which all the regional groups are
invited. '

The entire concept of the Simulation Councils is based
on informality. Membership in any one of the regional
groups may be obtained by attending a meeting and sign-
ing the attendance register, or by requesting the Chairman
of that Council to place your name on the mailing list.

Meetings are held approximately every second month
with from 20 to 100 members in attendance, The meetings
usually are held at the computing facilities of organizations
interested in simulation. An attempt is made to choose

different hosts for each meeting so members may visit a
wide variety of simulation and computational facilities.
Meetings usually begin with brief talks on a subject se-
lected to promote discussion, and an attempt is made
to encourage all present to join in the discussions. This
informal discussion is the essence of the Simulation Coun-
cils effectiveness; everyone gets a chance to compare his
technique and equipment with others having similar inter-
ests and problems.

The Simulation Council Newsletter, as informal as the
Council discussions, has appeared every month since No-
vember, 1952. At first it was privately published by
mimeograph, but increased demand made this impractical
and since April, 1955, it has appeared as a separate and
editorially autonomous section of Instruments and Auto-
mation. Individual issues of the Newsletter are as dif-
ferent as the wide variety of subjects and the personalities
of people discussing them. The result is that while re-
porting month after month the offhand remarks as well
as the serious thoughts of those developing the techniques
and designing the equipment for simulation, the News-
letter reflects progress in the allied fields of analog and
digital computation and data processing as well.

Anyone interested in the Simulation Councils is invited
to contact the Steering Committee Chairmen of the various
regional groups listed below.

Western Simulation Council
Dov Abramis, Convair, Pomona, Calif.

Midwestern Simulation Council
Warren Jackson, Standard Oil Co., Midland Bu11d1ng,
Cleveland, Ohio

Eastern Simulation Council
Hideo Mori, Hydel, Cambridge, Mass.

- Southeastern Simulation Council

Robert Johnson, Georgia Institute of Technology, Re-
search Area 4, Atlanta, Ga.

Central Simulation Council
James Pierce, Beech Aircraft, Wichita, Kan.

Canadian Simulation Council
F. W. Pruden, Analog Computation and Simulation
Group, Mechanical Engineering Division, National Re-
search Council, Ottawa, Ont., Canada

ABSTRACTS OF PAPERS

Papers presented by members of the Simulation Coun-
cils, Inc., at the four informal sessions during EJCC are
abstracted on the following page.
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1) Physical Simulation in Airplane Control System Problems,
P. G. Hurford, McDonnell Aircraft Corp. This paper describes
the use of physical simulation including the pilot as an aid in the
solution of lateral control problems of modern jet fighters. To
accomplish this, an analog computer and control system are com-
bined with a movable chair which imparts to the pilot the “feel”
of rolling motions. The effects of various chair, control systems,
and airframe parameters are determined with this system.

2) Design and Utilization of a Three-Axis Stmulator, M. Pask-
man and R. Edwards, Aircraft Armaments, Inc. The time and cost
savings resulting from utilization of a three-axis simulator are
discussed. The design evolution of a three-axis, gimballed system
is described, including specifications, mechanization, and analysis
of the system. Test procedures are outlined, after which the use
of a general purpose analog computer to solve typical control
system problems is described.

3) Synthesis of Closed-Loop Sysiem by Means of Analog
Computers with Real Gyros or Accelerometers in the Loop,
B. W. McFadden, Micro Gee Products, Inc. Presented are the
advantages and techniques in the synthesis of a closed-loop system
(such as an autopilot or autonavigational system) by including the
real gyro or accelerometer in the loop with an analog computer.
Also given are the characteristics of a simulation table with a
threshold of less than one second of arc which makes it possible
to determine closed-loop performance about null under the influence
of real, small discontinuous nonlinearities such as friction, noise,
and deadband.

4) A Discussion of the Procedwres and Practical Problems Re-
lating to Real-Time Simulation Using Control System Hardware,
Eaton Adams, Jr., Convair, Fort Worth, Texas. The techniques
and problems involved in real-time flight simulation using hardware
are described. A three-degree-of-freedom missile trajectory prob-
lem, including nonlinear aerodynamics, is used as an example.
Problems of analysis and correlation with analytic results when
nonlinear hardware is included in the simulation are discussed,
along with other difficulties arising in such a simulation.

5) A New Dead Time Simulator for Electromic Analog Com-
puters, Millard Brenner and Jerome D. Kennedy, Electronic As-
sociates, Inc. Up to now, the accurate simulation of dead time,
performance of auto and cross correlations, and long-term arbitrary
function storage have been difficult to achieve on an electronic
analog computer. This paper deals with the applications and op-
erational principles of the SIMULAG, a variable delay, multichan-
nel magnetic tape unit developed by Electronic Associates, In-
corporated.

6) A. C. Diode Function Generators, C. L. Cohen and
D. S. Peck, Nuclear Products—Erco Division of ACF Industries,
Inc. Circuits employing silicon diodes as used in aircraft flight
simulators are described. The circuits involved perform function
generation such as slope changing, limiting, jump functions, absolute
value generation, and magnitude selection.

7) Future of the Tramsistor Analog Computer, Robert Bruns
and George Milligan, Jet Propulsion Laboratory, California Insti-
tute of Technology. A portable analog computer employing transis-
tors has been developed to study the possibility of analog computers
employing semiconductor devices only. The transistor operational
amplifier and servomultiplier circuits for this computer are de-
scribed, along with the performance capabilities of these com-
ponex(lits. The direction of future analog computer design is dis-
cussed.

8) Open-Shop Operation of a Large Real-Time Simulator,
Stanley Rogers, Convair, San Diego, Calif. The problem of
maximizing the use of simulators under open-shop conditions is
reviewed. Topics include scheduling, operator training, equipment
reliability and maintenance, problem-checking methods, and sug-
gested future trends for large simulators.
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9) A Real-Time Simulation System for Use with an Analog
Simulator, Robert M. Beck and Max Palevsky, Packard-Bell Com-
puter Corp. Reported are some newly developed digital devices
which can be employed with analog computers. These devices in-
clude an extremely high speed incremental computer for computing
nonlinear analytic functions, a function generator that employs
photographic techniques for storage, and.a 0.01 per cent analog-
to-digital and digital-to-analog converter. The converter also per-
forms multiplication and division within the conversion process.

10) Stmulation of Aircraft Landing Gear Dynamics on the
Geda Analog Computer, P. J. Hermann, Goodyear Aircraft Corp.
A simulation of the vibration dynamics of a landing gear has been
set up in order to study the effects of braking torques and other
influences in exciting the landing gear into undesirable vibration
amplitudes. Assumptions in formulating the physical model of the
landing gear are discussed, as well as the development of the
equations of motion. The difficulties in determining numerical values
for the various constants are related, and the results of the com-
puter simulation are presented..

11) Direct Simulation on Analog Computers through Signal
Flow Graphs, Louis P. A. Robichaud, Canadian Armament Re-
search and Development Establishment. For physical systems which
can be considered as made up of combinations of various elements,
it is not necessary to write out the equations before determining
the analog computer circuit. A procedure is presented for going
directly from a physical system to an analog computer representa-
tion of that system. Each physical unit is represented by a com-
puter unit such that all terminal variables are in evidence in that
unit as they are in a matrix or flow graph representation of the
physical unit. The computer units then are interconnected in a
manner similar to the physical units.

12) The Use of Quaternions in Swvmulation of the Motion of
Rigid Bodies, A. C. Robinson, Wright Air Development Center.
In simulation involving real three-dimensional coordinate trans-
formations, it is customary to represent orientation by Eular angles
or direct cosines. The use of the four-parameter quaternion nota-
tion which avoids both “gimbal lock” and redundancies is out-
lined. It is shown that from the standpoint of accuracy and
amount of equipment required, the quaternion method is superior
to either of the two usual techniques. Other advantages and
limitations are set forth.

13) On the Loop and Node-Analysis Approach to the Simula-
tion of Electrical Networks, Joseph Otterman, University of
Michigan. Simulation of an electrical network on an analog com-
puter by the loop or node-analysis approach is quite often un-
satisfactory because of hidden regenerative loops. Such regenera-
tive loops arise when the computer setup contains more integrators
than the order of the differential equation describing the network.
Instability may result because the actual computer components in
the loop containing an excess integrator depart from ideally exact,
prescribed values. Presented is a procedure for tracing the loop
currents in such a way that there is one-to-one correspondence
between the number of integrators in the simulation setup and
the count of independent energy-storing elements in the network,
i.e., the order of the differential equation describing the network.
The generality of the procedure proves that it is always possible
to trace the loop currents in such a way that excess integrators are
avoided. A parallel procedure for node analysis is discussed briefly.

14) Application of High Speed Compressed Time Scale Com-
puter to Engineering Problems, Joseph Miasnick, General Electric
Co. Application is made of a high-speed compressed time scale
computer to certain engineering problems. The place of this type
of computer in the over-all problem-solving picture is described.
Specific application is made to the simulation of the performance
of a starter-engine combination. The simulation is used to deter-
mine the effect in performance of varying cutout speed, torque-
speed characteristics, and engine application. The computer also
is used to determine the inertia of the test stand.
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15) Simulator for Use in Development of Jet Engine Controls,
Emile S. Sherrard, National Bureau of Standards. Recommenda-
tions and cost estimates for a simulator capable of representing
a twin-spool, after burning, turbojet engine and its controller are
given. The simulator is intended as a tool to be used by a group
of engineers engaged in developing engine control systems. The
simulator is designed to determine stability and performance of
the engine control system, to be useful in both early and late
stages of the development, and to operate in real time so control
hardware may be operated with a simulated engine.

16) Ducting Air-Flow Characteristics By Electrical Circuit

Measurements, William H. Sellers, General Electric Co. The well--

known dynamical analogies are developed and reviewed for électri-
cal, mechanical, and acoustical systems. The analogous electrical
circuit then is derived for a physical system consisting of a
cylindrical tube, containing a butterfly valve arbitrarily located
within the tube. An actual circuit consisting of inductances, ca-
pacitors, etc., is then constructed and the values of voltages and
currents are recorded by a brush recorder. These recorded values
are analogous to the pressure and flow of the fluid within the
duct. Photographs are presented depicting the actual wiring and
measurement arrangements. Also, a comparison solution, obtained
by a standard analog computer, relates the relative error and
reliability of the direct circuit measurement method.
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17) The Real Time Simulation of Turbo-Jet and Turbo-Prop
Engines and Controls, D. L. Dresser, Allison Division, General
Motors Corp. Some problems faced by the designer of control
systems for turbo-jet and turbo-prop engines are outlined. The use
of the analog computer as a tool in designing controls for future
engines and testing hardware is discussed. Two specific examples
of full-scale simulation are presented. The first one is a turbo-jet
simulation based upon component turbine and compressor date, and
the second one is a turbo-prop simulation which uses test-stand
dynamometer data. Also, two linearized procedures are given. Com-
puter techniques for representing a variety of nonlinearities are de-
scribed. .

18) Noise and Statistical Techmiques in Analog Simulation,
Henry Low, The Ramo-Wooldridge Corp. The role of the analog
computer in obtaining the impulse response of a linear system is
discussed, including the adjoint method for obtaining the impulse
response of time-varying linear systems. Techniques for treating
nonlinear systems on an analog computer are discussed. The types
of statistical quantities corresponding to random inputs to the
analog computer are described, and an illustrative example is
worked out. The theory of operation of various types of analog
computer noise generators is explained. Techniques for measuring
the statistical characteristics of low-frequency noise generators
are presented.
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