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1. 

3,112,468 
CHARACTER RECOGNETEON SYSTEM 

Louis A. Kamentsky, Painfield, N.J., assignor to Bell 
Telephone Haboratories, Encorporated, New York, 
N.Y., a corporation of New York 

Filed Apr. 14, 1959, Ser. No. 806,255 
31 Clains. (C. 340-46.3) 

This invention relates to pattern recognition systems 
and more specifically to methods and apparatus for auto 
matically reading printed and handwritten characters. 
Many systems have been proposed heretofore for auto 

matically reading printed alphabetical letters and Arabic 
numerals (hereinafter referred to as alpha-numeric char 
acters). All of these systems, however, are subject to one 
or more disadvantages. For example, many of the priorly 
known systems require accurate positioning of the char 
acters in a scanning field to obtain reliable character 
recognition. Any misalignment or misplacement of the 
character within the scanning field will produce erroneous 
output signals. Some of the systems of the prior art are 
unable to recognize conventional alpha-numeric charac 
ters. The characters to be recognized by these systems 
must be formed in an unconventional manner which, of 
course, detracts from their legibility by the human eye. 
Other known prior art systems which recognize characters 
of conventional configuration have rigid requirements upon 
the formation of the characters. In these systems, errors 
will result in the automatic recognition of the characters 
if the characters do not precisely conform to a predeter 
mined type font. In general, in these systems, any varia 
tion in style, orientation, size or shape of the characters 
will cause erroneous output signals to be produced. Fur 
thermore, many of the prior art systems require that the 
characters be printed with a special magnetic or conduc 
tive ink which substantially increases the cost of printing. 
Dirt and spurious marks in the field of the characters, and 
creases or folds of the paper on which the characters ap 
pear, also cause errors in the automatic recognition of the 
characters. 

In one type of character recognition system which may 
be termed element matching, the field of the character is 
divided into an array of discrete elements and each ele 
ment is quantized black or white. In this type of chair 
acter recognition system where the type and location of 
the black and white elements of the character field are 
compared with a standard stored in a permanent memory 
to determine the identity of the character, a considerable 
amount of redundant information is obtained. This 
redundancy of information unnecessarily complicates the 
logic required to make the identification and, of course, 
increases the cost and complexity of the character recog 
nition system. In many of the prior art systems the logic 
required to recognize a printed alpha-numeric character 
approaches the size and complexity of a modern high 
speed electronic computer. 

With the advent of the modern high speed data proc 
essing systems it is imperative that a character recogni 
tion system which will operate at a compatible speed be 
provided to enter alpha-numeric information into the data 
processing system. A serious disadvantage of the prior 
art systems is their inability to operate at speeds which 
will enable these data processing systems to process data 
at their full capabilities. 
One further disadvantage of character recognition sys 

tems of the prior art has been their inability to recognize 
handwritten alphabetical letters and Arabic numerals. 
Because of the variations in size, shape and orientation be 
tween alpha-numeric characters hand written by one per 
son and those hand written by another, the prior art 
character recognition systems have not been able to recog 
nize these handwritten characters. The copending ap 
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2 
plication, Serial Number 678,213, filed August 14, 1957, 
of T. L. Dimond, discloses a method of constraining the 
hand writing of alpha-numeric characters which enables 
these characters to be read by machines. In situations 
where the speed of writing is not a critical factor, the 
method of controlling the hand writing of alpha-numeric 
characters by forming the characters about a plurality of 
guide dots as disclosed in the T. L. Dimond application is 
a simple and accurate method of reducing hand writing 
to machine language. Where, however, a relatively high 
speed of Writing is required or where relatively small char 
acters are required and reliability of recognition is critical, 
the hand writing of the character about guide dots re 
quires a degree of dexterity on the part of the writer. 

It is an object of the present invention to provide an 
improved reader for automatically reading printed and 
handwritten alpha-numeric characters which is not sub 
ject to the objections and disadvantages described above. 

It is a further object of the present invention to reduce 
the constraint imposed upon the writer of handwritten 
machine-readable alpha-numeric characters. 

It is also an object of the present invention to alleviate 
the restrictions heretofore imposed upon the printing of 
machine-readable alpha-numeric characters. 

Further objects of the present invention are to increase 
the Speed and improve the accuracy of the automatic ma 
chine reading of printed and handwritten alpha-numeric 
characters. 

Additional objects of the present invention are to re 
duce the cost and complexity of systems for automatical 
ly reading printed or handwritten alpha-numeric charac 
ters. 

These and other objects of the present invention are 
attained in a specific embodiment thereof wherein the 
size, shape and orientation of handwritten alpha-numeric 
characters are controlled so as to be adapted advantage 
ously for automatic machine reading. Unlike the method 
of constraint imposed upon the writer in the above-identi 
fied copending application of T. L. Dimond where alpha 
numeric characters are written about guide dots (two guide 
dots for Arabic numerals and four guide dots for alpha 
betical letters), in accordance with the present invention 
the writer forms the characters in a natural manner with 
respect to four parallel guide lines. The characters are 
hand written so as to intersect the two central parallel 
guide lines, with the space between the first and the sec 
ond guide lines and the space between the third and the 
fourth guide lines serving, respectively, as guides for the 
top and the bottom of the character. Thus the four lines 
serve as a guide and not as a necessary restriction for the 
formation of the characters and only control the over-all 
height of the characters. The same system of guide lines 
may advantageously be utilized to control machine print 
ing of alpha-numeric characters with the lines serving as 
guides for the relative location of the characters. 
With the machine printing and hand writing of alpha 

numeric characters in a form adapted for automatic ma 
chine reading, as described above an important aspect of 
the present invention is directed to the automatic recog 
inition of such characters. This is accomplished in ac 
cordance with the present invention by a method which 
may be referred to as "feature extraction.” Thus, by de 
termining line openings or, conversely, line closures, in 
the character field, by determining the number of corners 
formed by the lines in the character field, and by deter 
mining the location of characterizing segments of lines 
in the character field, only the essential features of the 
characters are extracted. Because redundant features are 
not extracted from the character field, the logic required 
for recognition is greatly simplified. By determining line 
closures with respect to more than one point in the char 
acter field, significantly greater character information is 
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obtained than from a single point. Thus, in accordance 
with this aspect of the present invention, a method of 
Scanning is introduced for extracting closure configura 
tions, counting corners and locating characterizing line 
Segments of the alpha-numeric characters handwritten or 
printed on the parallel guide lines as described above. 

In accordance with an illustrative embodiment of the 
present invention, a flying spot scanner is controlled by 
logic circuitry to define a plurality of criterion scan areas 
in a bipolar pattern on the field of the characters. These 
criterion scan areas extend radially from two centers in 
the character field, and each is formed by a plurality of 
radial scans of the light spot of the flying spot scanner. 
A photo sensitive element detects the light reflected from 
the character field and identifies the intersection of marks 
or lines. If a given sweep of the light spot intersects a 
mark or line, the light intensity reflected to the photo 
sensitive element is reduced and a signal pulse is gen 
erated. Recognition of the characters, in accordance with 
this aspect of the present invention, requires the gener 
ation of a code representing the intersections of the cri 
terion areas with marks for each of a number of positions 
of the character field under the scanner. This corre 
Sponds to a sampling for closures in the character as the 
character field moves through the scanner pattern. Thus 
a sequence of codes is generated as the field of the char 
acter passes through the scanner. These codes are 
matched sequentially with parallel sets of allowable and 
forbidden codes representing each of the possible char 
acters. A character is recognized when all of its allow 
able codes and none of its forbidden codes match in order 
the sequence of codes generated by the scanner. 

In accordance with another important aspect of the 
present invention, the integration of the plurality of radial 
scans of the light spot in each of the radial criterion scan 
areas is made to distinguish spurious marks from true 
marks and to filter out local irregularities in line den 
sities and electrical noise. Because a written or printed 
line represents continuous curves, the photo sensitive ele 
ment will indicate marks in a number of adjacent radial 
Sweeps within each radial criterion scan area, and logic 
circuitry controlled by the photo sensitive element indi 
cates the presence of a mark in a particular criterion scan 
area only after at least 'n' marks in 's' sweeps have 
been detected. Thus spurious marks do not cause the 
generation of signal pulses falsely indicating the intersec 
tion of a line segment of a character. 
An additional aspect of the present invention is directed 

to the simplification of the logic circuitry required to 
recognize the scanned characters in the character field by 
eliminating or reducing the redundant or unnecessary in 
formation to be resolved by the logic circuitry in iden 
tifying the characters. In accordance with this aspect, 
the signal pulses generated in response to the detection 
of line segments in the character field extending longi 
tudinally with respect to the radial criterion scan areas 
of the scanner pattern are rejected, and only the signal 
pulses generated in response to the detection of line seg 
ments in the character field which transversely intersect 
the radial criterion scan areas are transmitted to the logic 
circuitry. Thus the required logic circuitry is reduced 
and is considerably simplified. 

in accordance with a further aspect of the present in 
vention, the two centers of the bipolar scan pattern on 
the character field from which the radial scans of the 
light spot enlanate are automatically registered on the 
two central guide lines of the four parallel lines used as 
a guide for the hand writing or printing of the machine 
readable alpha-numeric characters. In the illustrative 
embodiment of the present invention, a flying spot scan 
ner is programmed to produce a radial scan pattern cen 
tered at a first point on the field of the character, then 
to produce a radial scan pattern centered at a second 
point on the field of the character at a distance from the 
first point equal to the spacing between the two central 
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4 
guide lines. This cycle is repeated continuously. If the 
bipolar scan pattern is centered properly on the two cen 
tral guide lines, radial scans upward from the upper 
center and downward from the lower center will each in 
tersect one of the guide lines. If the bipolar scan pat 
tern is improperly centered, some other intersection con 
figuration will occur. A registry photo element with a 
color filter is utilized with logic circuitry in the illustra 
tive embodiment of the present invention to count these 
intersections. The scan can be properly centered by trans 
lating the configurations of intersections into vertical de 
flection voltage increments proportional to the miscenter 
ing. The above-described registering operation is per 
formed continuously as the field of the characters moves 
through the scanner pattern, thus the proper position of 
the characters with respect to the scanner pattern is con 
tinuously maintained during the scanning of the character 
field. 

In accordance with still a further aspect of the present 
invention, after a closed loop in a scanned character 
is detected, the number of corners in the closed locp is 
determined and is utilized to distinguish further such 
characters as a closed-top '4' from '9' or "O" from “D.' 
In accordance with this aspect of the present invention, 
a Sequence of voltage pulses is produced, one for each 
radial scan from one center of the bipolar scan pattern 
with the amplitude of each voltage pulse being propor 
tional to the distance from the scan center to the point of 
intersection of the scan and the closed ioop. The envelope 
of these voltage pulses is a curve which represents the 
radial distance from the scan center to the closed con 
figuration of the scanned character for each 360 degrees. 
This curve will have discontinuities or cusps for each 
of the corners of the closed loop. The voitage pulses 
are applied to a band-pass filter, the midband frequency 
of which is set to pass a signal only when a predetermined 
number of cusps representing corners are present in 
the envelope of the applied voltage pulses. In this 
manner a closed-top numeral 4, which has three corners, 
will produce three cusps in the signal applied to the band 
pass filter and may advantageously be distinguished from 
the numeral 9, which has no corners or perhaps one cor 
ner, and will produce at the most one cusp in the signal 
applied to the band-pass filter. 

It is a feature of the present invention that a scanner 
be controlled to scan repeatedly a character field in 
a bipolar rotating radial scan pattern. 

It is an additional feature of the present invention that 
a bipolar rotating radial scan pattern generated by a 
scanner be utilized to define a plurality of radial criterion 
scan areas emanating from two points in a character field 
and that each of the radial criterion scan areas be 
defined by a plurality of radial scans of the scanner. 

It is a further feature of the present invention that a 
scanner be controlled to scan repeatedly a character 
field in a bipolar rotating radial scan pattern so that the 
two centers of the bipolar scan pattern are automatically 
registered on a predetermined two of a plurality of guide 
lines in the character field which are used to guide the 
hand writing and machine printing of machine-readable 
alpha-numeric characters, and that the registration of the 
bipolar rotating radial scan pattern on the predetermined 
guide lines be maintained continuously during the Scan 
ning of the character field. 

It is also a feature of the present invention that the 
output signals detected by a scanner in a character field 
for a plurality of adjacent radial sweeps of the Scanner 
be integrated to distinguish spurious marks in the char 
acter field from true line segments of the characters. 

It is an additional feature of the present invention that 
the output signal from each radial criterion scan area 
defined by a bipolar rotating scan pattern be integrated 
with the output signals for the respective criterion scan 
areas for a predetermined number of repetitions of the 
bipolar rotating scan pattern to distinguish the detection 
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of line segments in the character field which extend longi 
tudinally with respect to the radial criterion scan areas 
from line segments in the character field which transverse 
ly intersect the radial criterion scan areas. 

It is another feature of the present invention that the 
number of corners in a character closure be determined 
and utilized in the automatic recognition of handwritten 
or machine printed alpha-numeric characters. 
The foregoing and other objects and features of the 

present invention will be more readily understood from 
the following description of an illustrative embodiment 
thereof when read with reference to the accompanying 
drawing in which: 

F.G. 1 depicts the manner in accordance with the pres 
ent invention in which the hand writing or printing of 
Arabic numerals may be controlled to adapt the numerals 
for automatic machine reading; 

FIG. 2 illustrates a few of the permissible variations 
of handwritten Arabic numerals which can be machine 
read in accordance with the present invention; 

JFIG. 3 is a pictorial representation of the radial cri 
terion areas comprising the bipolar scan pattern utilized to 
recognize alpha-numeric characters; 

FIG. 4 shows in pictorial form the flying spot scanner, 
the lens system for focusing the light spot thereof on the 
paper or form upon which the alpha-numeric characters to 
be recognized are written, and the lens and color filter 
systems used to focus the light reflections from the charac 
ter field to photomultipliers; 

FIG. 4A shows in block diagram form the cooperative 
relationship between the major components of one il 
lustrative embodiment of the character recognition System 
of the present invention; 

FIG. 5 shows in pictorial form the manner in which 
the criterion areas of the bipolar scan pattern of FIG. 3 
are generated by a plurality of radial scans from two 
Scan centers; 

FIGS. 6 through 15, when arranged as shown in FIG. 
16, show a detailed block diagram schematic of the ill 
ustrative embodiment of the character recognition System 
of the present invention shown in the general block dia 
gram of FIG. 4A and in which: 
FIGS. 6 and 7 show in block diagram form the clock 

pulse source, and binary counter and timing circuits 
utilized to synchronize the operation of the System; 

FIG. 8 is a block diagram schematic of the scan pick 
up and integration circuits utilized to detect light reflec 
tions from the character field; 

FIG. 9 is a block diagram schematic of the flying Spot 
scanner, associated control circuitry therefor, and the auto 
matic scan registering circuits of the present invention; 
FIG. 10 is a block diagram schematic of the logic 

circuitry utilized to recognize the Arabic numerals 1 
and 2: 
FIG. 11 is a block diagram schematic of the logic cir 

cuitry utilized to recognize the Arabic numerals 7 and 8; 
FIG. 12 is a block diagram schematic of the logic cir 

cuitry utilized to recognize the Arabic numerals 3 and 4; 
F.G. 13 is a block diagram schematic of the logic cir 

cuitry utilized to recognize the Arabic numeral 9 and the 
closed loop recognition circuits of the present invention; 

FIG. 14 is a block diagram schematic of the logic cir 
cuitry utilized to recognize the Arabic numerals 5 and 6; 

FIG. 15 is a block diagram schematic of the logic cir 
cuitry utilized to recognize the Arabic numeral 0 and the 
output circuitry of the present invention; and 
FIGS. 17A, 17B and 17C illustrate in graphical form 

the basic principle of the closed loop resolution circuit 
of the present invention. 

Turning now to the drawing, FIG. 1 shows one illus 
trative embodiment of the manner, in accordance With 
the present invention, in which the hand writing of Arabic 
numerals may advantageously be controlled to adapt the 
handwritten numerals for automatic machine reading. It 
is to be understood that, although this method of control 

5 

O 

20 

25 

30 

40 

45 

60 

65 

O 

75 

6 
is illustrated only with respect to Arabic numerals in 
FIG. 1, the identical method of control may be utilized 
in the hand writing of machine-readable alphabetical let 
ters as well. In accordance with the present invention, 
four parallel lines designated Sa, b, c and d in FIG. 1 
are utilized as guides for the hand writing of the alpha 
numeric characters. The writer is instructed to form the 
characters with reference to these four lines so that the 
loops of the characters intersect the two central lines b 
and c. The space between lines a, and b and the space 
between lines c and d as shown in FIG. 1 serve as 
limiting areas, respectively, for the upper and lower por 
tions of the characters. Thus lines a through Ed serve as 
guides and not restrictions in the writing of alpha-numeric 
characters. 
The method of controlling the hand writing of alpha 

numeric characters, in accordance with the present in 
Vention, permits many variations in the formation of the 
characters. FIG. 2 illustrates but a few of the possible 
Variations permissible in the hand writing of Arabic nu 
merals. The possible variations in over-all height of the 
characters have not been indicated but may vary within 
the range of the spacing of the four guide lines. Similar 
variations are permissible in the writing of alphabetical 
letters. 
Although the discussion above has been directed to a 

method of control of the hand writing of alpha-numeric 
characters, it is to be understood that the same method 
may be used to guide the machine printing of alpha-nu 
meric characters. Thus, as long as the alpha-numeric 
characters are machine printed on the four guide lines so 
that the characters intersect the two central guide lines, 
the machine printed characters are adapted for automatic 
machine reading. 
The basic scanning principle advantageously utilized 

in accordance with the present invention to recognize the 
machine printed or handwritten alpha-numeric characters 
When printed or handwritten on the four guide lines in 
the manner described above is similar to that disclosed in 
the above-cited copending application of T. L. Dimond. 
The identity of the particular characters is determined by 
noting the traversals of particular criterion areas in the 
character field and by determining the number of corners 
in closed loops of the characters, as will be described. The 
basic scan pattern is shown in FIG. 3 where eight radial 
criterion scan areas designated a through h are used for 
character recognition. It is to be understood that the 
number of radial criterion scan areas used in recognizing 
the characters in the specific embodiment described herein 
is illustrative only as a fewer or greater number of areas 
may advantageously be utilized. It is further understood 
that the relative location or angular position of the radial 
criterion Scan areas a through h shown in FIG. 3 and the 
width of the respective areas are illustrative only and the 
position and/or width of the respective areas may be 
Varied as required. 

In accordance with another aspect of the present in 
vention, the basic scan pattern illustrated in FIG. 3 is 
generated by a flying spot scanner. As shown in FIG. 4, 
the light spot from a flying spot scanner designated FSS 
is focused by means of lens system SL on the paper or 
form on which appear the alpha-numeric characters to be 
automatically recognized. This paper or form as shown 
in FIG. 4 is placed on a carriage CR which is moved from 
right to left by a mechanism not shown in the drawing into 
the field of flying spot scanner FSS. The light pattern 
from flying spot scanner FSS focused on the paper or 
form is resolved into two beams and directed to two sep 
arate positions. One beam is directed through a color 
filter and lens System designated FLR to a photomulti 
plier designated PMR, the output of which is fed to logic 
circuitry which controls the automatic registration of the 
light spot from flying spot scanner FSS on the two central 
guide lines used to control the hand writing or printing of 
the alpha-numeric characters. A second beam is focused 
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through a color filter and lens system designated FLC to 
a photomultiplier designated PMC, the output of which 
is fed to logic circuitry which controls the recognition and 
translation circuits of the present invention. 

In the illustrative embodiment of the present invention, 
the alpha-numeric characters are written or printed in one 
color of ink and the guide lines with respect to which the 
characters are printed or written are a different color. 
The color filter and lens system fLR is arranged so that 
it will focus on photomultiplier PAR only the light re 
flections which indicate the crossings of the guide lines by 
the spot of light from flying spot Scanner FSS. The color 
filter and lens systern FLC is arranged to focus on photo 
multiplier PMC only the light reflections which indicate 
the crossings of the alpha-numeric characters by the spot 
of light from flying spot scanner FSS. 
As will be described hereinafter, the light spot focused 

on the form or paper on which the characters appear is 
controlled to generate a plurality of radial scans emanat 
ing, first from a point on guide line 5 and, second, from a 
point on guide line c. The radial scans are generated 
by movement of the electron bean in flying spot scanner 
FSS from the center out some predetermined distance 
from the center. This scan retraces, blanking out on 
retracing, and Scans out again a certain angular distance 
away from the previous scan. In other words, the scans 
appear as a series of radii. In the illustrative embodiment 
of the present invention described herein, 128 such radial 
Scans are made from guide line b. After completion of 
128 radial scans from guide line Eb the electron beam is 
automatically repositioned so that the light spot is focused 
on guide line c and another 128 radial scans are then 
made. After this, the cycle repeats itself and the light spot 
is again centered on guide line b and a new cycle of 
radial scans is started. The radial scans alternate between 
guide lines Eb and ic with 128 radial scans being alter 
nately made from each of the two guide lines. 
As will be described in detail hereinafter, the criterion 

Scan areas a through it comprising the basic scan pattern 
shown in FIG. 3 are defined by gating the light reflec 
tions obtained during particular ones of the radial scans 
made from the two scan centers to the logic recognition 
circuitry. This is accomplished in the present invention 
by n&ans of a clock pulse source which controls the 
Sweep circuitry of flying spot scanner FSS, the automatic 
registration circuitry for positioning the light spot, and 
the circuitry which controls the position of the criterion 
SC area.S. 

Referring to FIG. 5 of the drawing, the timing of the 
rotating radial scans of flying spot scanner FSS and the 
manner in which the scan pattern illustrated in FIG. 3 
is defined thereby will be briefly described. Following 
this description a more detailed description of flying spot 
Scanner FSS and the associated logic circuitry will be 
given with respect to FiGS. 6 through 15 of the drawing. 
AS indicated hereinbefore, iiying spot scanner FSS shown 
in FiG. 4 and F.G. 4a is controlled in the illustrative 
eribodiinent of the present invention to make 128 radial 
Scans of the light spot thereof from each of two centers, 
and the light reflections from Selected ones of these radial 
ScanS are gated to logic circuitry and thus define radial 
criterion areas a through h. The top and bottom rotat 
ing radia Scans which comprise one scan set or bipolar 
scan inade by the light spot of flying spot scanner FSS 
are independent, and accordingly a basic clock rate of 
128 pulses will control the generation of the 128 radial 
scans required for each of the top and botton portions 
of the bipolar scan pattern. The light reflections ob 
tained from the character field on eight adjacent ones of 
these radia scans are utilized in the illustrative embodi 
ment of the present invention to define a radial criterion 
aca. 

in response to the first clock pulse, flying spot scanner 
FSS is controlled to sweep the spot of light thereof from 
the upper center to the far right horizontal position as 
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shown in F.G. 5. This is indicated by scan in FIG. 
5. The ciock pulse continues pulsing and the flying 
spot scanner continues its radial scan operation in re 
sponse thereto, each radial scan being angularly dis 
placed from the preceding scan until the 24th clock 
pulse is received. When the 24th clock pulse is received, 
a signal is generated to indicate the start of radial cri 
terion area a, this criterion area includes the next eight 
radial scans 24 through 3 made by fiying spot SCanner 
FSS from the upper center. hus the light reflections 
received from the character field during radial Scans 24 
through 3 of flying spot scanner FSS from the upper 
center as shown in Fig. 5 are gated to logic circuitry 
and define radial criterion area a shown in FG. 3. 

Clock pulses 32 through 71 in turn control the Scan 
ning of the light spot of fiying spot scanner FSS as shown 
in FIG. 5 to make radial scans 32 through 7. How 
ever, during scans 32 through 7; the light reflections 
from the character field are not gated to logic circuitry. 
When clock pulse 72 is received and controls the genera 
tion of radial scan 72, a signal is generated indicating the 
start of radial criterion area b. The light reflections from 
the character field received during the next eight radial 
scans, that is, scans 72 through 79, are gated to the logic 
circuitry and radial criterion area b is thus defined. 
On the 80th through the 37th Scans, as shown in FIG. 

5, the logic circuitry remains inactive. However, dur 
ing the succeeding eight radial scans, that is, Scans 88 
through 95, the light reflections from the character field 
are gated to the logic circuitry and thus radial criterion 
area c is defined. 

In response to clock pulses 96 through 19, the flying 
spot scanner generates radial scans 96 through 129. Dur 
ing these Scans the logic circuitry remains inactive and 
no light reflections from the character field are gated to 
the logic circuitry. 

In response to the 120th clock pulse, a signal is gen 
erated indicating the start of radial criterion area d, and 
the light refections from the character field for the next 
eight radial scans, that is, scans 23 through 27, are gated 
to the logic circuitry and thus radial criterion area d is 
defined. 
When the 128th clock pulse is received, the flying spot 

Scariner in response thereto repositions its scanning cen 
ter and Scans from the lower center as shown in FIG. 5. 
Thus, in response to the 128th clock pulse, the light spot 
from flying spot Scanner FSS extends to the far right hori 
ZOntal position from the lower center as shown in FEG. 
5. This is indicated by scan number 23 in F.G. 5. 
When clock pulses 23 through 35 are received, the 
radial Scans 28 through 35 of the light spot from flying 
Spot Scanner FSS are used to define radial criterion area e 
and the light reflections received from the character field 
during these scans are gated to the logic circuitry. The 
cycle count for the second complete series of E.28 scans 
from the lower center is as indicated in FIG. 5. The 
logic circuitry renains inactive during radial scans 136 
through E75. In response to clock pulses 276 through 
i83 which control radial scans 176 through 133, the logic 
circuitry is gated to admit the light reflections from the 
character field to the logic circuitry and thus radial cri 
terion areaf is defined. 

Similarly, in response to clock pulses 534 through 91, 
which control scans 34 through 191, the logic circuitry 
is gated to receive the light reflections from the character 
field and radial criterion area g is defined. Thereafter 
the logic circuitry remains closed for radial scans 192 
through 25. When clock pulses 256 through 223 are 
received, which control the generation of radial scans 216 
through 223, the light reflections from these radial scans 
are gated to logic circuitry and radial criterion area h 
is defined. 

Flying spot scanner FSS continues the radial scanning 
pattern from the lower center until the 255th clock pulse 
is received. Upon receipt of the 256th clock pulse, flying 
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spot scanner FSS is controlled to reposition the radial 
scanning from the lower center to the upper center and 
the above-described scanning cycle is completed. 
A description of the manner in which the electron beam 

in flying spot scanner FSS shown in FIG. 4 is deflected 
from the top to the bottom scan cycle and vice versa, and 
the manner in which the deflection circuitry in the flying 
spot scanner is controlled to generate the 128 rotating 
radial scans of the light spot thereof from each of the 
two centers, will be described in detail hereinafter. 
As shown in FIG. 4, the light spot of flying spot scanner 

FSS is focused on the character field with the direction 
of the feed of carriage CR from right to left. Thus, flying 
spot scanner FSS sees each character in the character field 
from the left as carriage CR moves the paper on which the 
characters appear and each character passes underneath 
the scanner pattern and exits from the scanner pattern to 
the left. The ratio of the feed speed to the clock pulse 
speed may advantageously be adjusted to provide a char 
acter reading rate which is compatible with the data 
processing or utilization circuits which may advantageous 
ly be controlled by the present invention. As the field of 
a character moves under the scanning pattern a plurality 
of sets of bipolar scans will be made of each character (a 
set of bipolar scans consisting of two scans, the upper and 
lower rotating radial scans). The clock pulse speed and 
the carriage feed speed for accurate character recognition, 
in accordance with the present invention, are factors 
which will vary with the size of the characters to be recog 
nized, the type font of the characters to be recognized, 
and the degree of accuracy required. 
The cooperative relationship of the various circuits and 

components comprising the illustrative embodiment of the 
invention is shown in block diagram form in FIG. 4A. 
The figures shown in parentheses in the various blocks 
indicate the figures of the drawing in which a more de 
tailed block diagram schematic of the component is given. 
The reference designations utilized in FIG. 4A correspond 
to the designations utilized in the remaining figures of the 
drawing. 

DETALED DESCRIPTION 
Turning now to the drawing, a more detailed description 

of the illustrative embodiment of the flying spot scanner, 
associated automatic registering circuits and associated 
recognition logic of the present invention will be given 
with respect to FIGS. 6 through 15 of the drawing when 
arranged as shown in FIG. 16. The operation of the 
synchronizing system in the illustrative embodiment of 
the present invention will be described first. This will be 
followed in turn by a description of the flying Spot Scanner 
deflection control circuitry, a description of the Scan pick 
up and integration circuitry utilized to recognize inter 
sections of line segments in the character field, a descrip 
tion of the recognition logic circuitry for translating the 
outputs of the integration circuitry, and, last, a descrip 
tion of the automatic registering circuitry whereby the 
bipolar radial scan of the flying spot scanner is auto 
matically registered on the four parallel guide lines used 
in the illustrative embodiment of the present invention 
to guide the hand writing or machine printing of alpha 
numeric characters. 

SYNCHRONIZING SYSTEM 
As indicated hereinbefore, the Sweep circuitry of flying 

spot scanner FSS, the automatic registering circuitry for 
positioning the bipolar scan pattern of flying spot scanner 
FSS on the parallel guide lines, and the logic circuitry 
which controls the angular position of the radial criterion 
areas, are synchronized by a clock pulse source. The 
synchronizing system is shown in schematic form in FIGS. 
6 and 7 and comprises clock pulse source 600, binary 
counter BC1, and the translating network connecting the 
outputs of the respective stages of binary counter BC1 to 
AND gates 601 through 608 and 701 through 704. 

Clock pulse source 600 supplies a continuous train of 
clock pulses at a desired frequency and may advantageous 
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10 
ly be any type of clock pulse source known in the art. 
The clock pulses from the output of clock pulse source 
600 are supplied to lead CP which extends to delay cir 
cuit 893 shown in FIG. 8, the purpose of which will be 
described hereinafter, to sawtooth generator 900 shown in 
FIG. 9 to synchronize the radial sweeps of flying spot 
scanner FSS, as will be described hereinafter, and to 
binary counter BC shown in FIG. 6. 

Binary counter BC1 may advantageously be any type 
of the binary counters known in the art and, as shown, 
comprises eight binary stages. Each of these eight stages 
is designated with a designation in parentheses indicating 
the decimal equivalent of the binary stage. Each of the 
eight stages of binary counter BC is arranged in the 
manner known in the art to supply "two rail logic output 
signals.” In other words, each stage of binary counter 
BCi and a (0) and a () output lead. These leads extend 
to and from the translating network shown in FIGS. 6 
and 7. Because binary counter BC comprises eight 
binary stages, the counter is capable of counting from 0 
to 255 and, accordingly, as clock pulses from clock pulse 
Source 600 are applied to the input of binary counter BC1, 
the counter will count, in the binary fashion well known 
in the art, the successive pulses applied thereto. For ex 
ample, when the first clock pulse is applied to stage (i) 
of binary counter BC, this stage will be set to its “1” 
state and will apply a signal over its (1) output lead. 
When the second clock pulse from clock pulse source 635) 
is applied to binary counter BC, stage (i) will be set 
to its "O' state and stage (2) will be set to its 'i' state 
in typical binary fashion. As succeeding pulses from 
clock pulse source 600 are applied to binary counter BC, 
the respective stages will operate in the manner well 
known in the art. 
The two rail logic (6) and (1) output leads from the 

respective stages of binary counter BC1 are connected 
in a translation circuit, in the manner shown in FIGS. 6 
and 7, to AND gates 661 through 608 and 701 through 
704. The output of each of these AND gates supplies 
a timing signal which is utilized by the flying spot scanner 
deflection circuitry, the integration circuitry and output 
circuitry, in the manner to be described hereinafter. For 
example, the inputs of AND gate 601 shown in FIG. 6 
are connected respectively to the (0) output lead of stage 
(128), the (e) output lead of stage (64), the (0) out 
put lead of stage (32), the (1) output lead of stage (16), 
and the (1) output lead of stage (8) of binary counter 
BC. Thus, when the respective stages in binary counter 
BC1 are operated Such that stage (8) is in its “1” state, 
stage (6) is in its “1” state, and stages (32), (64) 
and (28) are in the “0” state, AND gate 601, will be 
actuated to apply a signal to the output lead tC24-31) 
therefrom. The above-recited conditions for stages (8), 
(56), (32), (64), and (i28) of binary counter BC 
will be maintained between the 24th and 31st clock 
pulses from clock pulse source 600 applied to binary 
counter BC and, accordingly, a signal will be applied 
to lead t(24-31) during the interval of these clock 
pulses. The remaining AND gates 682 through 608 and 
781 through 704 are connected to the respective (0) and 
(1) output leads of the various stages of binary counter 
BC1 in a similar fashion so as to provide signals of de 
sired duration on their respective output leads. These 
output leads carry designations indicating the duration 
of the signal applied thereto. For example, output lead 
t(72-79) from AND gate 602 will have a signal ap 
plied thereto during the interval of clock pulses 72 
through 79. Similarly, AND gate 608, for example, 
applies a signal to lead tC26-223) during the interval 
of the 216th through the 223rd clock pulses from clock 
pulse source 600. AND gate 701 will apply a signal 
to lead tC24) only when the 24th clock pulse from clock 
pulse source 600 is applied to binary counter BC1. In 
a similar fashion AND gate 702 will apply a signal to 
its output lead to216) only when the 216th clock pulse 
from clock pulse source 600 is applied to binary counter 
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BCE. AND gate 699 has inputs connected to the (1) 
output leads of stages (), (2) and (4) of binary 
counter BC; and will be actuated every 7th clock pulse 
from clock pulse source 600 to apply a signal pulse to 
lead to RS3). 

Referring to F.G. 6, it will be noted that lead tCRS) 
is connected directly to the (1) output lead of stage (8) 
of binary counter BCE. This lead will have a signal 
applied thereto during the interval that stage (8) of 
binary counter BCA is in its “1” state. Thus when the 
8th clock pulse from clock pulse source 600 is applied 
to binary counter BC stage (3) is set to its “1” state 
and a signal is applied to lead t(RS). This signal is 
maintained on lead tRS) during the interval between 
the 8th through 15th clock pulses at which time stage 
(8) is set to its “0” state. Similarly, a signal is applied 
to lead toRS) during the intervals between clock pulses 
24 through 3, 41 through 47, 56 through 63, et cetera. 
The purpose of the signals applied to lead t(RS) will be 
described hereafter with reference to the integration cir 
cuits of FIG. 8. Similarly, lead tC:23-255) is con 
nected directly to the () output of stage (128) of bi 
nary counter BC), and this lead wiil have a signal ap 
plied thereto during the 128th through the 255th clock 
pulses applied to binary counter BCE, that is, during 
the interval that stage (28) of binary counter BCA is 
in the “1” state. In the foregoing manner, the various 
gating signals required to define the radial criterion areas 
a through h discussed above with respect to FIG. 5, the 
control signals required to synchronize the radial Scan 
operation of flying spot scanner FSS, and the control 
signals utilized to control the automatic registration of 
the bipolar scan pattern generated by flying spot Scanner 
FSS on the parallel guide lines, are produced. 

FLYING SPOT SCANNER AND RADAL 
SCAN CONTROL CIRCUITS 

As indicated hereinbefore, flying spot Scanner FSS is 
controlled to scan in a bipolar rotating radial Scan pat 
tern. The manner in which this is accomplished will 
now be described with respect to FIG. 9. FIG. 9 shows 
a simplified block diagram Schematic of flying Spot Scan 
ner FSS and its associated radial scan circuitry. The 
upper portion of FIG. 9 shows in schematic form the 
automatic registration circuits which control the auto 
matic registering of the bipolar scan pattern on the par 
allel guide lines used in the illustrative embodiment of 
the present invention to guide the hand Writing or ma 
chine printing of alpha-numeric characters. The auto 
matic registering circuits will be described hereinafter. 
The control of cathode ray tubes to sweep in a rotat 

ing radial pattern is well known in the art and has been 
used particularly in radar installations for PPI (plan posi 
tion indication) radar scopes. There are a number of 
ways known in the art to generate a rotating radial Scan 
in a cathode ray tube. One is to produce on a pair of 
horizontal and vertical deflection coils of a cathode ray 
tube a set of voltages, the voltage on one of the deflec 
tion coils being a sawtooth wave modulated by a sine 
wave and the voltage on the other set of coils being a 
sawtooth wave modulated by a sine wave wherein the 
sine wave is 90 degrees out of phase with the first sine 
wave voltage. The application of the two sine Waves 
90 degrees out of phase will produce a circular Lessejea 
figure on the face of the cathode ray tube. This cir 
cular figure is made to vary in radial distance from the 
center of the cathode ray tube face to the outer edge at 
a specified rate by the sawtooth component of the volt 
ages applied to the respective deflection coils. The mag 
nitude of the sawtooth component is adjusted in ampli 
tude so that the proper scanning distance from the center 
to the outer edge of the face of the cathode ray tube is 
obtained. 

In the illustrative embodiment of the present invention 
as shown in FIG. 9, the cathode ray tube of flying spot 
scanner FSS is controlled in the above-described manner 
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to produce a rotating radial scan about two centers on 
the face of the cathode ray tube. Sawtooth generator 
999 shown in FIG. 9 is triggered in response to each clock 
pulse received over lead CP from clock pulse source 600 
shown in FIG. 6 to generate a sawtooth voltage. This 
sawtooth voltage is applied to modulator 903. The other 
input of modulator 983 is obtained from the output of sine 
wave generator 991. Sine wave generator 901 is triggered 
so that one complete cycle of 360 degrees of the sine wave 
is produced for each of the top and bottom radial scans 
of 128 pulses. In the illustrative embodiment of the pres 
ent invention, this is accomplished by differentiating the 
signal applied to lead tC123-255) in differentiator 902. 
Thus, when clock pulse source 600 has applied 128 pulses 
to binary counter BC, as shown in FIG. 6, stage (128) 
of this counter will be in its “1” state and a signal will be 
applied to the (i) output lead. This signal will be main 
tained on the (1) output lead for the next 128 pulses or 
until the count reaches 255. The signal applied to the 
(E) output lead of stage (28) is also applied to lead 
t(128-255) and is differentiated in differentiator 902. 
The output of differentiator 992 applies a sharp pulse to 
sine wave generator 901 to synchronize it at the correct 
frequency of oscillation. When the signal on the (1) 
output lead of stage (128) of binary counter BC1 is 
removed, the trailing edge of this signal is also differ 
entiated in differentiator 902 and a trigger pulse is applied 
to sine wave generator 901. The frequency of generator 
98A is such that one complete cycle of 360 degrees of a 
sine wave signal is generated between trigger pulses re 
ceived over lead t(E28-255). The sinusoidal signal from 
sine wave generator 99 is applied to modulator 903, and 
the output of modulator 903 accordingly is a sawtooth 
voltage modulated by a sine wave voltage. This is applied 
over lead 906 to one deflection coil of the radial sweep 
coils 907 on flying spot scanner FSS. The modulated 
signal from the output of modulator 903 is applied to 
90 degree phase shifter 904, and the output on lead 908 
is applied to the other deflection coil of radial sweep coils 
967. Thus the electron beam in flying spot scanner FSS 
is controlled to make a succession of rotating radial scans 
from a given center. A blanking signal is also obtained 
from sawtooth generator 900 and is applied over lead 909 
to the cathode ray tube of flying spot scanner FSS, in 
the manner known in the art, to blank the return sweep 
of each radial scan. The cycle is as follows: In response 
to each clock pulse received from clock pulse source 600 
over lead CP, sawtooth generator 900 generates a saw 
tooth voltage which generates a radial scan. The return 
of the Sweep to the ground level produces a blanking pulse 
which is applied to flying spot scanner FSS. Thus, by 
Synchronizing the generation of the sawtooth voltages 
from sawtooth generator 900, and by synchronizing the 
generation of the sine wave in sine wave generator 901 
with clock pulse source 600, the rotating radial scans 
thereby produced are synchronized and controlled by the 
respective clock pulses from clock pulse source 600. 

In the illustrative embodiment of the present invention, 
the circuitry involved in shifting the center of the rotating 
radial scans between the alternate scan centers is accom 
plished by gate 905 and resistance RB. Voltage source 
V1 is connected through resistance RB and gate 905 in 
parallel to vertical shift deflection coil 910. The value of 
the current in coil 90 is changed between two levels; in 
other words, the resistance is gated in or gated out from a 
Series connection between voltage V and vertical shift 
deflection coil 919. Gate 905 is controlled by the signal 
applied to lead t(128-255). During the time that there 
is a signal applied to this lead, gate 905 will be closed to 
provide a short circuit around resistance RB. During the 
time that there is no signal applied to lead to 128-255), 
gate 905 will be open and the current from voltage source 
V1 to vertical shift deflection coil 910 is supplied through 
resistance RB; thus the current in the vertical shift deflec 
tion coil 9:10 has either one of two values. During the 
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time that stage (128) of binary counter BC1 shown in 
FIG. 6 is set to its “1” state, the scan will be centered on 
the lower of the central guide lines, and during the time 
that stage (128) of binary counter BC1 is in its “0” state 
the scan will be centered on the upper of the central guide 
lines. The gating relationship, that is, whether resistance 
RB is gated in or gated out when a signal is applied to 
lead t(128-255), depends upon the orientation of the 
deflection coil and whether voltage V1 is positive or 
negative. 

Because the printing of the parallel guide lines which 
are utilized to guide the hand writing or machine print 
ing of alpha-numeric characters, in accordance with the 
present invention, is fairly accurate, the spacing between 
the guide lines will be constant to the degree necessary 
for proper character recognition. Accordingly, resistance 
RB can be adjusted to one specific value and set at this 
value. However, to vary the distance between the centers 
of the bipolar radial scan pattern requires only the ad 
justment of the value of resistance RB, and this can 
advantageously be accomplished to meet any required 
spacing between the two central guide lines. 
SCAN PICK-UP AND INTEGRATION CIRCUITS 
As described hereinbefore, flying spot scanner FSS is 

controlled to make 128 radial scans from each of two scan 
centers, and the light reflections from particular ones of 
these scans are gated to the logic circuitry to define 
criterion areas in the bipolar radial scan pattern. The 
manner in which the light reflections from flying spot 
scanner FSS are picked up, and the manner in which these 
reflections are integrated and gated, will now be described 
with reference to FIG. 8 of the drawing. As described 
hereinbefore, the light reflections from the character field 
are focused in two beams and directed to two separate 
positions (see FIG. 4). One beam is directed through 
color filter and lens system. FLC shown in FIG. 4 to photo 
multiplier designated PMC. Photomultiplier PMC is also 
shown in FIG. 8 in block diagram form. Photomultiplier 
PMC sees a continuous light reflection as a radial scan 
starts from the center and moves toward the edge. If 
this scan is intersected by a line or a spurious mark, the 
light intensity reflected to photomultiplier PMC will be 
reduced as the line or spurious mark is intersected. The 
output of photomultiplier PMC shown in FIG. 8 is then 
a voltage which has a specific direct-current level until a 
mark is encountered. As the scan passes over the mark, 
the output of photomultiplier PMC will then be a pulse 
with a negative direction. The duration of this pulse will 
correspond to the width of the line or mark intersected. 
Accordingly, for each scan there is a specific pattern of 
voltage on the output of photomultiplier PMC. If a scan 
does not intersect a mark, there will be a constant direct 
current level. However, when a scan intersects a line or 
a mark, there will be a negative pulse from the output 
of photomultiplier PMC for this scan. The output of 
photomultiplier PMC is applied to amplifier 803, which 
may advantageously be any type of amplifier known in 
the art, to amplify the voltage pulse received from the 
output of photomultiplier PMC. The output of amplifier 
803 is applied to threshold circuit 804 which determines 
whether there is indeed a negative pulse. In other words, 
threshold circuit 804 will distinguish, at some predeter 
mined threshold, weak pulses caused by reflections from 
dirt specks or smudges from strong pulses indicating the 
intersection of a true line or mark. Threshold circuit 804 
also advantageously contains pulse shaping circuits known 
in the art which will shape the poorly defined pulses ob 
tained from the output of amplifier 803 into sharply 
defined pulses. 
As shown in FIG. 8, the output of threshold circuit 

804 is applied to the input of flip-flop 805. This flip 
flop acts as a one bit storage stage. If there is a pulse 
from the output of threshold ciricut 804 indicating the 
intersection of a mark on any particular scan, flip-flop 
805 will be set to its “1” state. At the end of the par 
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14 
ticular scan, flip-flop 805 will be reset by a signal applied 
from delay circuit 800 over lead 828. It will be noted, 
referring to FIG. 8, that the input of delay circuit 800 
is connected to the CP lead, and accordingly each time a 
clock pulse is applied to the CP lead from clock pulse 
source 600 this pulse will be delayed in delay circuit 800 
for a duration sufficient for flip-flop 805 to be set to its 
'1' state if a mark was intersected, and if flip-flop 805 
is set, it is reset to its “0” state by the same pulse delayed 
in delay circuit 800. If there is no pulse at the output of 
threshold circuit 804, indicating that a line or mark was 
not intersected in a particular scan, flip-flop 805 remains 
in its “0” state. At the end of the particular scan the clock 
pulse which originated this scan and which was delayed 
in delay circuit 800 will set flip-flop 805 to its “0” state. 
However, in this case flip-flop 805 is already in its “0” 
state and accordingly no further action takes place. If 
a line or mark is encountered on a particular scan, the 
pulse from the output of threshold circuit 804 will cause 
flip-flop circuit 805 to be set to its “1” state, and when 
reset by the delayed clock pulse through delay circuit 
800 a signal pulse will be applied from the (1) output 
of flip-flop 805 to the input of binary counter BC2 shown 
in FIG. 8. The purpose of the flip-flop 805 acting in the 
capacity of a one bit storage element is to eliminate the 
possibility that more than one pulse will be applied to 
the input of binary counter BC2 in the event that more 
than one mark or line is intersected on any particular 
SCa 

Binary counter BC2, as shown in FIG. 8, comprises 
four binary stages. The two rail (0) and () output leads 
from each of the respective stages of binary counter BC2 
are connected in a translating circuit to AND gates 806, 
807 and 808. The outputs of these AND gates are in 
turn connected to OR gate 899. The translation circuit 
including AND gates 806, 807 and 808, and the (0) 
and (1) output leads of binary counter BC2 are arranged 
as shown in FIG. 8 such that an output from OR gate 
809 will be obtained if six, seven or eight of the radial 
scans comprising a particular criterion area intersect a 
mark or a line. In other words, if a spurious mark or 
dirt on the paper is encountered which only is intersected 
by one, two, three, four, or five of the adjacent radial 
scans in any particular criterion area. Such as criterion 
area a, for example, there will be no output from OR 
gate 809. However, if a true mark is intersected, six, 
seven, or eight intersections of the mark by the radial 
scans comprising the particular criterion area will cause a 
signal to be applied from the output of OR gate 809 in 
dicating the intersection of a mark in the particular cri 
terion area. It is to be understood that the logical criterion 
of six, seven or eight intersections is purely arbitrary and 
may advantageously be changed to meet any particular 
requirement or any particular width of criterion area 
that may be utilized. 

Binary counter BC2, being a four-stage counter, can 
count up a total of sixteen pulses. However, at any time 
during which the counter has counted six, seven, or eight, 
the output signals on the two-rail logic output leads (0) 
and (ii) from the respective stages of the counter will 
cause the operation of AND gates 806, 807 and 808, re 
spectively, which in turn will cause the actuation of OR 
gate 809. The actuation of OR gate 809 applies a signal 
to lead MP which extends to a group of AND gates 
which are actuated to define the criterion areas a through 
h of the rotating bipolar radial scan pattern as will be 
described. It is also noted that when OR gate 809 is 
not actuated the absence of a signal therefrom applied 
through inverter 80 will cause a signal to be applied to 
the NMP lead extending to AND gate 830, the purpose 
of which will also be described later. 

Counter BC2 is reset at the end of each radial criterion 
area by a signal applied to lead RS2. As indicated here 
inbefore, a signal is applied to lead tCRS) during the 
intervals that stage (8) of binary counter BC1 is in its 
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'1' state. Thus a substantially square wave signal volt 
age is applied to lead tCRS) with the respective positive 
and negative portions thereof being equal to the interval 
of eight clock pulses from clock pulse source 660. This 
signal is applied over lead t (RS) to differentiator 802 to 
provide sharply defined pulses substantially coincident 
with the leading and trailing edges of the square wave sig 
nal voltage applied thereto. These sharply defined pulses 
are then applied to lead RS2 and are then utilized to re 
set the respective stages of binary counter BC2. For 
example, when the 24th clock pulse from clock pulse 
source 600 is applied to binary counter BC1, stage (8) 
of counter BC will be set to its “1” state and a sharp 
rise in signal will be applied to lead t(RS). This signal 
is differentiated in differentiator 302 and a sharply defined 
pulse is applied over lead RS2 to reset all the stages of 
binary counter BC2. As indicated hereinbefore, the 24th 
clock pulse also causes the generation of the 24th radial 
scan from the upper center of the bipolar scan pattern 
and, as shown in FIG. 5, this is the first scan of criterion 
area a. Any lines which are traversed on the 24th scan 
are picked up as described above by photomultiplier PMC 
and a signal is applied to amplifier 863 through threshold 
circuit 804 to set flip-flop 805. The same 24th clock pulse 
when applied through delay circuit 800 will reset flip 
flop 805 and will cause a signal to be applied to binary 
counter BC2 setting this counter to read the count of 1. 
Similarly, on each of the succeeding scans which define 
criterion area a, that is, scans 25 through 31, the traversal 
of any marks intersected by these scans will cause the 
setting of flip-flop 885 which is in turn reset by the delayed 
clock pulses to apply a pulse to binary counter BC2. 
In this manner a count of the number of intersections of 
marks or lines in criterion area a is made in binary counter 
BC2. When the 32nd clock pulse is applied to lead CP, 
stage (8) of binary counter BC will be set in its 'O' 
state, and accordingly a negative going voltage signal will 
be applied to the t (RS) lead. This signal is differentiated 
and is utilized to reset the respective stages of binary 
counter BC2 as described hereinbefore. Thus, during the 
eight radial scans defining each of the criterion areas a 
through h, binary counter BC2 accumulates a count of 
the number of marks or lines intersected and, at the 
end of the 8th radial scan in each of the criterion areas, 
binary counter BC2 is reset in preparation for the next 
criterion area. If the count accumulated in binary counter 
BC2 is 6, for example, during the radial scans compris 
ing criterion area a, the (2) and (4) stages of binary 
counter BC2 will be set in their '1' state. This will cause 
signals to be applied to the respective (1) output leads 
of these two stages which are combined with signals on 
the (0) output leads from stages (i) and (8) in AND 
gate 806 to cause the actuation of AND gate 806. The 
actuation of AND gate 806 as described before causes 
the actuation of OR gate 809 and the application of a sig 
nal to the MP lead. In the event that six, seven, or eight 
intersections of a line or mark are not made during the 
eight radial scans comprising a particular criterion area, 
for example, criterion area a, a signal will not be applied 
to the MP lead and instead a signal will be applied to 
the NMP lead. Thus binary counter BC2 and the trans 
lation circuit including AND gates 806, 807 and 808 with 
OR gate 899, provide an integration of the intersections 
of marks in each criterion area of the bipolar radial scan 
pattern to apply an output signal to lead MP only if the 
predetermined numbers of scan intersections are detected. 
In this manner dirt and spurious marks are distinguished 
from true line segments of characters. 
As indicated hereinbefore, the criterion areas a through 

It comprising the basic bipolar radial scan pattern shown 
in FIGS. 3 and 5 are defined by gating the light reflec 
tions obtained during particular ones of the radial scans 
made from the two scan centers of the bipolar pattern 
to the recognition logic circuitry. This is accomplished 
by the even numbered AND gates 312 through 826 shown 
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in FIG. 8. These even numbered AND gates are en 
abled by a respective one of the output leads of AND 
gates 691 through 608 shown in FIG. 6 which, as de 
scribed hereinbefore, have signals applied thereto dur 
ing the intervals of specific clock pulses. For example, 
the output lead t(24-3) from AND gate 691 has a 
signal applied thereto during the interval of clock pulses 
24 through 33. The signal on this lead, as shown in 
FIG. 8, is applied to an input of AND gate 812 thus en 
abiling this AND gate during this interval. As described 
hereinbefore, clock pulses 24 through 3 control the 
generation of radial scans 24 through 31 from the upper 
center of the bipolar scan pattern and, as shown in FIG. 
5, radial scans 24 through 31 define criterion area a in 
the scan pattern. Thus the light reflections received from 
the integration circuitry described hereinbefore on lead 
Wii from the output of OR gate 809 are gated through 
AND gate 812 by the signal on lead t (24–3) to the in 
put cf binary counter BC3a. In this manner criterion 
area a is defined. The remaining criterion areas b through 
h are defined in a similar manner. For example, output 
lead t (216-223) from AND gate 608 is applied to an 
input of AND gate 825. Thus during clock pulses 216 
through 223 which control the generation of radial scans 
26 through 223 from the lower center of the bipolar scan 
pattern which comprises criterion area h, the detected 
light reflections appearing on output lead MP from OR 
gate 809 are gated through AND gate 826 to the input of 
binary counter BC3h. A similar gating action takes place 
for each of the specific criterion areas of the bipolar radial 
Scan pattern. 

In accordance with an aspect of the present invention, 
the light reflections detected from line segments of char 
acters which lie longitudinally with respect to the radial 
scan pattern are not utilized by the recognition logic cir 
cuitry, thus enabling the recognition logic circuitry to be 
considerably simplified. This is accomplished by the 
three-stage binary counters BC3a through. BC3h shown 
in FIG. 8. As the field of a particular character moves 
under the scanner the individual character will be scanned 
a plurality of times by the rotating bipolar scan pattern. 
The number of bipolar radial scans made of each char 
acter will depend upon the clock pulse rate from clock 
pulse source 609 and the speed of the movement of car 
riage CR (shown in FIG. 4) which moves the character 
through the scan pattern. The clock pulse rate and the 
speed of movement of carriage CR may advantageously 
be adjusted so that each character will be scanned twenty 
times, for example, by the bipolar scan pattern. 

it will be observed that the criterion areas of the bi 
polar radial scan pattern will detect light reflections from 
line segments of the character on each of the bipolar radial 
scans, that is, on each scan cycle. It will further be ob 
served, referring to the scan patterns shown in FIGS. 3 
and 5, that line segments which are generally parallel or 
extend longitudinally with respect to the criterion areas 
will pass through the criterion areas more rapidly and 
accordingly will not be detected as many times during 
the plurality of scans as those line segments of the char 
acters which are transverse to the criterion areas of the 
scan pattern. For example, if the Arabic numeral 1 is 
being moved into the scan pattern from right to left, 
intersections of line segments of the numeral 1 with first 
be noted in criterion areas d and c, and because these seg 
ments are transverse with respect to criterion areas d 
and e they will be detected in these criterion areas on 
many of the bipolar radial scans. It will be noted that, 
as the Arabic numeral 1 moves on through the scan pat 
tern, line segments of the numeral 1 will also be detected 
in criterion areas a, c and h. Because these segments 
extend longitudinally with respect to criterion areas a, 
c and h or more or less in a parallel direction therewith, 
fewer intersections of these line segments will be detected 
by the successive bipolar scan patterns. 

In order to simplify the recognition logic circuitry, only 
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the intersections of line segments of the characters which 
are in a general transverse direction with respect to the 
criterion areas are utilized. Accordingly, the intersections 
of the line segment of the Arabic numeral 1 in criterion 
areas a, c and h are not transmitted to the recognition 
logic circuitry. The manner in which this is accomplished 
will be seen from FIG. 8 wherein each criterion area 
is assigned an individual three-stage binary counter such 
as counter BC3a for criterion area a. Each of these 
counters counts up to 8 and a count of 8 is required from 
these counters before an output indication is given from 
the respective output leads of these counters. Thus, for 
example, before a signal is applied to the a1 lead from 
the output of binary counter BC3a, there must be eight 
signals applied to its input. These eight signals represent 
the detection of marks in criterion area a on eight succes 
sive bipolar radial scans of a character. It is to be 
understood that the number eight is not an absolute value 
and the number required depends upon the width of the 
scanning beam for each criterion area, upon the feed 
rate of carriage CR, and upon the pulse rate of clock 
pulse source 600. Binary counters BC3a through BC3h 
may advantageously be arranged for any desired count. 
It will be observed that as each successive bipolar radial 
scan of a character is made the signals indicating the 
detection of a mark in each scan are applied through 
the respective even numbered AND gates 812 through 
826 to the respective counters of the criterion areas. 
Thus, on each scan, if a mark is detected, and this mark, 
of course, is the resultant output from the integration 
circuitry described with respect to binary counter BC2 
and AND gates 806, 807 and 808, a count of 1 will be 
added to the respective criterion area binary counters 
BC3a through BC3h. When a count of 8 is reached in 
any of these counters indicating that on eight successive 
bipolar radial scans of the character a mark was detected 
in the particular criterion area, a signal will be applied 
to the respective one of leads a1 through hl which extend 
to the recognition logic circuitry. However, if during 
the course of the scanning of any particular character a 
mark is not detected in a particular criterion area, no 
signal will be applied to the MP lead from the output of 
OR gate 809 and, as indicated hereinbefore, a signal will 
be applied to the NMP lead. The signal on the NMP 
lead is applied to an input of AND gate 830, the other 
input of which is connected to the output of delay circuit 
831. The input of delay circuit 831 is connected to the 
t(RS3) lead which, as indicated hereinbefore, has a signal 
applied thereto whenever stages (1), (2) and (4) of 
binary counter BC are set in their “1” state and cause 
the actuation of AND gate 609. Thus when clock pulse 
31 is applied to binary counter BC1 it causes the genera 
tion of the 31st radial scan which, as indicated herein 
before, is the last radial scan of criterion area a. If this 
radial scan or if the preceding radial scans did not en 
counter marks in the character field as described herein 
before, binary counter BC2 will not have been set to 
indicate the intersection of the required number of marks 
and a signal will be applied from the output of inverter 
810 to the NMP lead. The signal present on lead NMP 
in coincidence with the signal applied to the tCRS3) lead 
through delay circuit 831 will cause the actuation of AND 
gate 830. Delay circuit 831 advantageously provides 
a period of delay slightly longer than delay circuit 800 
described hereinbefore to permit the output of transla 
tion circuits comprising AND gates 806, 807 and OR 
gate 809 to be gated through AND gate 830 after binary 
counter BC2 receives the last pulse from flip-flop 805 
when flip-flop 805 is reset by the signal pulse applied to 
lead 828. The signal on the output of AND gate 830 
is gated through the odd number AND gates 811 through 
825 to the respective binary counters BC3a through BC3h 
associated with the particular criterion area being scanned 
to reset the binary counter associated with the particular 
criterion area. For example, if marks were detected on 
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18 
four successive bipolar radial scans of a character in 
criterion area a, AND gate 812 will be actuated to pass 
a signal to binary counter BC3a four successive times. 
On the 5th bipolar radial scan of the character, suppose 
that a mark is not detected in the criterion area a; the 
signal applied on lead NMP is gated through AND gate 
830 and causes the actuation of AND gate 811 which ap 
plies a signal to the RSa lead to effect the resetting of 
binary counter BC3a. At any time when one of the 
counters BC3a through BC3h has not counted a total 
of eight input signals, no output signal will be applied 
to the respective a1 through hl leads, and instead a sig 
nal is applied to the respective a0 through h0 leads through 
an inverter such as inverter 827 shown in FIG. 8. 
To summarize the operations of the logic circuitry 

shown in FIG. 8, signals are applied to the respective 
a0, a1 through h(), hill leads corresponding to detection 
of marks or no marks in the respective criterion areas. 
When a specific scan intersects a mark an indication of 
this is made by the application of a signal to binary 
counter BC2. If there are six, seven or eight such in 
tersections in a particular criterion area, an output signal 
will be applied to lead MP from OR gate 809, and if such 
a signal is applied to lead MP for at least eight succes 
sive bipolar radial scans, an output signal will be applied 
from the binary counter BC3 associated with the particu 
lar criterion area being scanned. If at any time a mark 
is not detected in any particular criterion area, a signal 
will be applied to the NMP lead instead of the MP lead 
and the binary counter BC3a lead associated with the 
particular criterion area will be reset. The a0, a through 
h0, h leads, which are the outputs of the binary counters 
BC3a through BC3h in FIG. 8, extend to the recogni 
tion logic circuitry shown in FIGS. 10 through 15. 

Recognition Logic Circuitry 
The logic circuitry for recognizing each of the Arabic 

numerals 1 through 0 is shown in FIGS. 10 through 15 as 
individual circuits. It is understood that simplification 
of the total logic circuitry may advantageously be realized 
by bringing the individual logic circuits together into a 
single more complex arrangement using less components, 
However, in the implementation shown in FIGS. 10 
through 15, the explanation of the logic required to rec 
ognize each of the individual Arabic numerals 1 through 
0 is simplified by associating each of the Arabic numerals 
with individual logic circuitry. 
The logic codes required for recognition of each of 

the Arabic numerals 1 through 0 may advantageously be 
determined by passing the criterion areas of the bipolar 
radial scan pattern shown in FIG. 3 over each of the 
Arabic numerals. As the numerals move from right to 
left with respect to the criterion areas, changes in the 
criterion areas intersected will be noted. Thereby a list 
of criterion areas intersected for each possible position 
of each numeral as the numerals pass through the bipolar 
radial scan pattern will be obtained. These lists may 
then be logically processed to formulate a set of allow 
able and forbidden codes for each of the Arabic numerals. 
Such a list of allowable and forbidden codes for each 
of the numerals is given below in the table designated 
"Recognition Logic Table.” 

For purposes of determining the logic code for each 
of the numerals, the top and bottom scans of the bipolar 
radial scan pattern shown in FIG. 3 are treated as in 
dependent scans and their code tables are independent up 
to a point which will be described later. Referring to 
the table, a 0 under a criterion area column indicates that 
a mark or line was not detected in a particular criterion 
area, a 1 in a criterion area column indicates that a mark 
or line was detected, and a dash in a criterion area column 
indicates a "don't care” condition, that is, it is not im 
portant whether a line or mark is intersected. As the 
characters move through the scan pattern, logic conditions 
are met in stages or steps in performing the translation. 
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In the table these logic stages are indicated under the 
columns “Logic Stage.” The XU stages represent the 
logic stages for the upper scan of the bipolar radial scan 
pattern, and the XL stages represent the lower stages of 
the logic required in the bipolar radial scan pattern. The 
respective stages are bracketed in the table. For example, 
the logic code for the upper scan of the bipolar radial 
scan pattern for recognizing the Arabic numeral 1 has 
a logic stage designated XU1 in the table which is met 
when the conditions in criterion areas a, b, c and d are 
respectively 0, -, 0 and 1. The logic stages in the table 
which are bracketed with a primed symbol, as, for ex 
ample, the XU2 stage for the Arabic numeral 1, are in 
hibiting stages representing forbidden codes in the logical 
recognition of the character. The implementation of the 
recognition logic table for the Arabic numerals 1 through 
0 are shown in detail in FIGS. 10 through 15 for the 
respective numerals. Not all of the specific logical ele 
ments shown in FIGS. 10 through 15 will be described 
in detail as it is believed that the explanation of typical 
examples of the implementation of the logic codes given 
in the Recognition Logic Table for specific numerals will 
suffice to show the manner in which this logic table may 
be implemented for all numerals 1 through 0. 

Recognition Logic Table 

Criterion Area, Criterion Area, 
Numeral Logic Logic 

Stage Stage 
a b c d e f g 

l--------------------- XU 0 - 0 1 | XL1. 1 - - O 
- - - - - - 1 
O XL2 and 

XU2 - - 1 - XL1 = 
and 

XU1 

0 1 0 - - 0 
and and 

XU3 XU1=1 XL3 XLs 
and and 

XU2=0 XL2=0 

2-------------------- XU 0 - O - XL1 1 - - O 
0 - - . 1 1 

XU2 and XL2 and 
XU1=1 XL1=1 

0 - O - - - - 0 
XU3 and XL3 and 

XU2=1 XL2s. 

3--------------------- XU1 0 - 0 - XL1. - - - O 
- 0 1 0 - 1 

XU and XL2 and 
XU1 = XI.1 is1 

1 0 1 1. - O 
XU3 and XL3 and 

XU2s1 XL2=1 

0 1 0 - 
XU4 and 

XU3=1 

4--------------------- XU1 0 - 0 1 XLI 1 - 0 O 

O 1 - - - 
XU2 and XL2 and 

XU=1 XL =1 

XU1. - O 
O and 

XU3 XU2s1 XL3 XL1=1 
and and 
- - - XL2 as O 

0 1 0 - 
and 

XU4 XU2-1 
and 
XU3=0 

XUA= 
Or 

XU5 4. 
output 
(output 
from 
closed 
loop 
resolution 
Crcuit) 

See footnote at end of table. 
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Recognition Logic Table-Continued 

Criterion Area Criterion Area 
Nuneral Logic Logic 

Stage Stage 
a b c d e f g it 

5--------------------- XU1 0 - 0 1 0 1 
O 

1 1 0 XL1 1 0 1 
XU2 and O 

XUs. 1 O O. 1 

O 0 - - 0 
XU3 and XL2 and 

XU2=1 XL = 

6--------------------- XU1 0 - 0 1 | XL1 1 - - 0 
1 - - 1 0 - 

XU2 and and 
XU1a: XL1=1 

XL2 O 
- O 

- 1 - 0 and 
and XL1=1 

XU3 XU= 
and 1 1 

XU2-0 XL3 and 
XLs 

- 1 1 0 
and 

XL4 XL2=0 
and 

XL3=1. 

7--------------------- XU 1 0 - 1) XL1. 1 - - O 
- - - - - 1 

XU2 and XL2 and 
XU1s-1 XL1st 

O 0 - - 1 1 0 
and and 

XU3 XU1:1 XL3 XL1=1 
and and 
XU20 XL=0 

8--------------------- XU 0 - - 11 XL1. 1 - - 0 
. . . . 1 1 1 1 

XU2 and XL2 and 
XU1s1 XL1=1 

0 1 0 - - 1 1 0 
XU3 and XL3 and 

XU2a: XL2s 

9--------------------- XU1 (O - 0 1 * XL1. 1 - - 0 
* O O. O. 

XU2 and XL2 and 
XU1=1 XL1 as: 

0 1 0 -* - 1 0 
XU3 and XL3 and 

XU2. XL2=1 

0--------------------- XU1 0 - 0 1 XL1. 1 - - O 
- - 1 - 1 1 

XU2 and XL2 and 
XU1s1 XL = 

0 - 1 1 0 
XU3 and XL3 and 

XUs. XL2=1 

0 1 0 - 
and 

XU4 SU2=0 
and 

XU3-1 

Closed loop condition. 
An explanation of the above Recognition Logic Table 

with respect to the bipolar radial scan pattern shown in 
FIG. 3, and of the illustrative embodiment of the imple 
mentation thereof shown in FIGS. 10 through 15, will 
now be given for a few representative numerals. Treat 
ing the upper and lower radial scans as independent scans, 
the development of the recognition logic conditions shown 
in the above table and the illustrative implementation 
thereof shown in FIG. 10 for the Arabic numeral 1 will 
be given. Looking only at the upper scan, it will be ob 
Served that a mark will be detected in criterion area d 
as the Arabic numeral 1 moves into the scan pattern. 
At the same time no marks will be detected in criterion 
areas a, c and b. At this stage of the scanning it is not 
known whether a mark will be detected in criterion area b 
because a portion of the previously detected character 
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may still be present in the criterion area, and accordingly 
this is designated a "don't care' criterion area. Thus, as 
shown in the above table, the logic code condition re 
quired for the first logic stage XU1 of the upper scan for 
the recognition of the Arabic numeral 1 is indicated by a 
0 in criterion area a, a - or "don't care” in criterion area 
b, a 0 in criterion area c, and a 1 in criterion area d. 
The XU1 logic stage in the above table is implemented, 

as shown in FIG. 10, by AND gate 1001 and flip-flop 1002. 
AND gate 1001 has as its inputs the a0, c0, and d leads, 
and the presence of signals on these leads will actuate 
AND gate 1001 and cause it to set flip-flop 1002 to its 
'1' state, 
As the Arabic numeral 1 passes through the scanner 

pattern, the previous set of line intersections will change 
to the following. No marks will be detected in criterion 
areas a and c because, as described hereinbefore, the 
segments of the Arabic numeral 1 extend in a longitudinal 
direction with respect to these criterion areas and are 
integrated out by the circuitry described above in connec 
tion with FIG. 8. However, there will be a mark de 
tected in criterion area b and at this point there will be 
a "don't care” condition in criterion area d. This logic 
code condition is shown in the above table as stage XU3 
for the upper scan. However, after the first stage XU1 
is set and before the third stage XU3 is set, a further 
condition must be met. This condition is an inhibiting 
condition and comprises a forbidden code for the detec 
tion of the Arabic numeral 1. For example, if a hori 
Zontal line segment is detected in criterion area a or 
criterion area c indicating that the character being scanned 
is not a single vertical line as would be the case for the 
Arabic numeral 1, an inhibit stage is actuated. The actu 
ation or setting of this inhibit stage prevents the logic cir 
cuitry associated with the Arabic numeral 1 from indicat 
ing that the number being scanned is the Arabic numeral 
1. Referring to the table, the inhibit stage is shown as 
logic stage XU2 and is set if a mark is detected in criterion 
area a or if a mark is detected in criterion area c and the 
preceding stage XU is set. The inhibit stage XU2 for 
the Arabic numeral 1 as shown in the table is imple 
mented, as shown in FIG. 10, by OR gate 1003, AND gate 
1004, and flip-flop 1005. Thus, if a mark is detected in 
either criterion area a or c a signal will be applied to the 
a1 or c1 lead which will cause the actuation of OR gate 
1003. The actuation of OR gate 1003 will apply a sig 
nal to the lower input of AND gate 1004 and, provided 
that flip-flop 1002 has been previously set, a signal from 
its (1) output lead will cause the actuation of AND gate 
1004 which in turn will set flip-flop 1005 to its “1” state. 
The setting of flip-flop 1005 to its “1” state will remove 
the enabling signal applied to the upper input of AND 
gate 1006. 
The third stage of logic required in the upper scan to 

recognize the Arabic numeral 1, that is, stage XU3 in the 
above table, is set when a mark is detected in criterion 
area b and no marks are detected in criterion areas a and 
c and stage XU1 has been previously set and stage XU2 
is not set. 
The XU3 logic stage for the Arabic numeral 1 in the 

table is implemented, as shown in FIG. 10, by AND gate 
1006 and flip-flop 1007. When a mark is detected in 
criterion area b and no marks are detected in criterion 
areas a and c, the signals applied to the respective a0, b1. 
and co leads, together with a signal from the (1) output 
lead from flip-flop i002 and the enabling signal obtained 
from the (0) output lead of flip-flop 1005 when it is set 
to its "0" state, will cause the actuation of AND gate 
1006. The actuation of this AND gate in turn sets flip 
flop 1007 to its “1” state which applies a signal from the 
(1) output lead to the upper input of AND gate 1008. 

In a similar manner, when the Arabic numeral 1 is 
passed through the lower scan of the bipolar scan pat 
tern, a mark will be detected first in criterion area. e. At 
the same time no mark will be detected in criterion area h. 
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As shown in the above code table, the first logic stage for 
the lower scan of the Arabic numeral 1 is identified as 
XL1, and the logical condition is met when a signal ap 
pears on the e lead indicating detection of the mark in 
criterion area e and a signal appears on the h0 lead in 
dicating that no signal was detected in criterion area h. 
Referring to FEG. 10, the first logic stage XL1 of the 
lower scan is implemented by AND gate 1009 and flip 
flop 1010. AND gate 1009 has as its inputs the e1 and 
h0 leads, and when the above-described signal conditions 
are present on these leads AND gate 1009 will be actuated 
to set flip-flop 1010 to its “1” state. 
The next logic state XL2 in the lower scan is an inhibit 

ing stage. As shown in the code table given above, if, 
after stage XL1 is set, a mark is detected in criterion area 
h indicating that the character being scanned contains a 
horizontal line and accordingly cannot be the Arabic nu 
meral 1, the logic code conditions for the inhibit stage 
XL2 are met and this stage is set to inhibit the remainder 
of the logic circuitry for translating thte character 1. As 
shown in FIG. 10, the inhibit stage XL2 for the Arabic 
numeral 1 comprises AND gate 1011 and flip-flop 1012. 
AND gate 1011 has as its inputs the output of flip-flop 
1010 and the h1 lead. Accordingly, if logic stage XL1. 
is set, which is indicated by the operation offlip-flop 1010, 
and a mark is detected in criterion area h, AND gate 
1011 will be actuated to operate flip-flop 1012 to its “1” 
state. When this occurs the enabling signal applied from 
the (0) output of flip-flop 102 to the upper input of AND 
gate 1013 is removed thus disabling the third stage of the 
recognition logic circuitry for the Arabic numeral 1. 

Referring again to the Recognition Logic Table given 
above, the third stage, that is, stage XL3, of logic for the 
lower scan of the scan pattern is set when a mark is 
detected in criterion areas f and g and no mark is detected 
in criterion area h. This occurs as the Arabic numeral 1 
passes through the scan pattern and exits from the scan 
pattern to the right. If these conditions are met and 
logic stage XL1 has been previously set, and inhibit stage 
XL2 has not been set, stage XL3 will be operated. 

Stage XL3 in the above table for the Arabic numeral 
1 is implemented, as shown in FIG. 10, by AND gate 
103 and flip-flop 1914. AND gate 1013 has as its inputs 
the fi, gi and he leads, the (C) output lead from flip-flop 
1012 and the (1) output lead from flip-flop 1010. The ac 
tuation of AND gate 1013 will in turn operate flip-flop 
1014. When flip-flop 1014 is operated to its “1” state, a 
signal will be applied to the lower input of AND gate 1008. 
The coincidence of the signals on the upper and lower 
inputs of AND gate 1608 when all of the logic conditions 
for the recognition of the Arabic numeral 1 have been 
met will cause the actuation of AND gate 1008 to apply 
a signal on the (1) lead to indicate the recognition of the 
Arabic numeral 1. 
A specific explanation of the above logic code table for 

the Arabic numerals 4 and 9, and a specific description 
of an illustrative implementation thereof, will be given 
hereinafter. As indicated hereinbefore, and in accordance 
with the present invention, a resolution circuit is provided 
to distinguish closed-top 4's from 9’s. This resolution 
circuit will be described hereafter in connection with the 
logic codes and implementation thereof for the Arabic 
numeral 9. 
The Arabic numeral 4 is somewhat different from the 

remaining Arabic numerals in that in the present inven 
tion two different configurations of the numeral 4 may be 
recognized. The first is the open-top 4 and the second 
is the closed-top 4. Treating each of the scans of the 
bipolar scan pattern as individual scans and taking the 
upper scan first, it will be noted that as the numeral 4 with 
an open top moves into the scan pattern criterion area d 
in the upper scan Will be the first to detect a mark. As 
shown in logic stage XU1 for the numeral 4 in the code 
table given above, when a mark is detected in criterion 
area d and marks are not detected in criterion areas a 



3,112,468 
23 

and c, logic stage XU1 will be set. The implementation 
of logic stage XU1 is shown in FIG. 12 by AND gate 
1201 and flip-flop 1202. AND gate 120i has as its 
inputs the a0, c0 and d1 leads and is actuated by signals 
on these leads to set flip-flop 1202 to its '1' state. 
As the open-top numeral 4 moves on through the scan 

pattern, the second logic stage XU2 shown in the above 
table will be operated in response to the detection of a 
mark in criterion areas b, c and d and no mark in criterion 
area a. This, in combination with the setting of the 
preceding stage XU1, will cause the second stage XU2 
to be set. The implementation of this logic stage is shown 
in FIG. 12 by AND gate 1203 and flip-flop 1204. AND 
gate 1203 has as its inputs the a0, b1, c1 and d1 leads 
and the (1) output lead from flip-flop 1202. The actua 
tion of AND gate 1203 will in turn set flip-flop 1204 to 
its '1' State. 
The next stage, that is, stage XU3, as shown in the 

above logic table, is an inhibit stage and is set if stage 
XU1 or stage XU2 is set and a mark is detected in 
criterion area a. If these conditions are met, the charac 
ter being scanned cannot be an open-top 4. When in 
hibit stage XU3 is set it inhibits the succeeding logic cir 
cuitry for the Arabic numeral 4. The implementation of 
logic stage XU3 for the Arabic numeral 4 is shown in 
FIG. 12 and comprises OR gate 1205, AND gate 1206 
and flip-flop 1207. OR gate 1205 has two inputs, one 
the output of flip-flop 1202 and the other the output of 
flip-flop 1204. If each or both of these flip-flops are 
set, OR gate 1205 will be actuated to apply a signal to 
an input of AND gate 1206. The other input of AND 
gate 1206 is connected to the a1 lead and, thus, if a 
mark is detected in criterion area a and either flip-flop 
1202 or flip-flop 204 is operated, AND gate 1206 will 
be actuated to operate flip-flop 1207 to its “1” state. The 
operation of flip-flop 1207 to its "1" state will remove 
the enabling signal applied from the (0) output lead to 
the upper input of AND gate 1208. 
The fourth stage in the above logic table, that is, 

stage XU4, for the Arabic numeral 4, is set when a mark 
is detected in criterion area b, no marks are detected in 
criterion areas a and c, stage XU2 is set, and stage XU3, 
the inhibit stage, is not set. As shown in FIG. 12, the 
implementation of logic stage XU4 for the numeral 4 
comprises AND gate 1208 and flip-flop 1209. As shown, 
the inputs of AND gate 1208 are connected to the a0, 
b1 and co leads with an input connected from the (1) 
output of flip-flop 1204 and the (0) output of flip-flop 
1207. Thus, if flip-flop 1204 is set and flip-flop. 1207 is 
not set, and signals are present on leads a0, b1 and co, 
AND gate 1208 will be actuated to operate flip-flop 1209 
to its '1' state. 

Referring to the above code table for the Arabic nu 
meral 4, it will be noted that the fifth logic stage XU5 
for the lower scan is an OR condition and is set if the 
preceding XU4 stage is set or if a signal is applied to the 
4T lead. The 4T lead will have a signal applied thereto, 
as will be described hereinafter, when in response to 
the detection of a closed loop on the upper scan the 
closed loop resolution circuit determines that the closed 
loop is a part of a closed-top numeral 4 rather than a 
part of a numeral 9. Referring to FIG. 12, stage XU5 
for the numeral 4 is implemented by OR gate 1210 and 
and flip-flop 1211. Or gate 210 has one input con 
nected to the output of flip-flop (209 and has another 
input connected to the 4T lead which extends to the 
closed loop resolution circuit shown in FIG. 13. Accord 
ingly, if flip-flop 1209 is set to its “1” state or if a signal 
is applied to the 4T lead, OR gate 1210 will be actuated 
to in turn set flip-flop 121 to its '1' state. The setting 
of flip-flop 1211 to its '1' state applies a signal to the 
upper input of AND gate 1212. 

In a similar manner, when the Arabic numeral 4 is 
passed through the lower scan of the bipolar scan pat 
tern, a mark will first be detected in criterion area e. 
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At this time a "don't care” condition will be present in 
criterion area f and no marks will be detected in criterion 
areas g and h. Referring to the above logic code table, 
it will be noted that the first logic stage XL1 for the lower 
scan of the Arabic numeral 4 is met when a mark is 
detected in criterion area e and no marks are detected 
in criterion areas g and h. Referring to FIG. 12, stage 
XL1 for the Arabic numeral 4 is implemented by AND 
gate 1213 and flip-flop 1214. AND gate 1213 has as its 
inputs the e, g0, and hio leads, and when the signals 
are applied to these leads AND gate 1213 will be actuated 
to set flip-flop 1214 to its “1” state. 
The second logic stage in the lower scan for the Arabic 

numeral 4 is an inhibit stage and, as shown in the above 
table, when a mark is detected in criterion area h and 
stage XL1 has been set, the inhibit stage XL2 will be set 
to inhibit the remaining recognition logic for the Arabic 
numeral 4. The implementation of inhibit stage XL2 
for the Arabic numeral 4 consists, as shown in FIG. 12, 
of AND gate E25 and flip-flop. 26. AND gate 1215 
has two inputs, one connected to the hill lead and the 
other connected to the (1) output of flip-flop 1214. Ac 
cordingly, if flip-flop 1214 is set to its “1” state and a 
mark is detected in criterion area h, AND gate 1215 will 
be operated to set flip-flop 1216 to its “1” state. The set 
ting of flip-flop. 126 to its “1” state removes the enabling 
signal from the (9) output lead therefrom which is con 
nected to the lower input of AND gate 1217 and thus 
disabies the recognition logic circuitry for the Arabic nu 
meral 4. 
The third logic stage Xi 3 in the lower scan for the 

recognition of the Arabic numeral 4, as shown in the 
above table, is met when a mark is detected in criterion 
areas f and g and no mark is detected in criterion area h 
provided that stage XL is set and stage XL2 is not set. 
The implementation of stage XL3 consists, as shown in 
FIG. 12, of AND gate 1217 and flip-flop 1218. AND 
gate 1217 has as its inputs the h0, g1, f1 leads, the (1) 
output of flip-flop. 24, and the (9) output of flip-flop 
126. Accordingly, if marks are detected in criterion 
areas f and g, no marks are detected in criterion area h, 
and, if flip-flop 1234 is set to its “1” state and flip-flop 
i216 is set to its "O' state, AND gate 1217 will be oper 
ated to set flip-flop 1258 to its “1” state. The actuation 
of flip-flop 1218 to its “1” state applies a signal to the 
lower input of AND gate 42:2. The coincidence of sig 
nals on the upper and lower inputs of AND gate 1212 
when all the logic stages of the recognition logic for the 
Arabic numeral 4 have been set will cause the actuation 
of AND gate 22 to apply a signal on the 4 lead to indi 
cate the recognition of an Arabic numeral 4. 
As the Arabic numeral 9 moves into the scan pattern 

a mark will first be detected in criterion area d. At the 
same time no marks will be detected in criterion areas a 
and c. At this time criterion area b will be a "don't care' 
area. As shown in the above table, stage XU1 of the 
Iower scan for the Arabic numeral 9 occurs when the 
above conditions are fulfilled. The implementation of 
stage XU1 for the numeral 9 is shown in FIG. 13 of the 
drawing and consists of AND gate 1301 and flip-flop 
1302. AND gate 301 has inputs connected to the a0, 
c0 and di leads, and accordingly when a mark is detected 
in criterion area d and no marks are detected in criterion 
areas a and c AND gate 1301 will be actuated to set flip 
flop. 1302 to its “1” state. 
As shown in the above logic table, stage XU2, the 

second stage for the lower scan of the numeral 9, is full 
filled when a mark is detected in each of criterion areas 
a, b, c, and d, and the preceding stage XU1 has been 
set. The implementation of stage XU2 comprises, as 
shown in FIG. 13, AND gate 1303 and flip-flop. 1304. As 
shown in FIG. 13, AND gate 1303 has inputs connected 
to the a, b, c, d leads, and the (1) output lead from 
flip-flop. 1392. Thus, if a mark is detected in each of the 
criterion areas a, b, c, and d, and flip-flop 302 has been 
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previously set, AND gate 1303 will be actuated to set flip 
flop 1304 to its “1” state. The signal on the (1) output 
lead from flip-flop. 1304 is applied to gate 1307 and to 
the upper input of AND gate 1305. 

Referring again to the logic table given above, the 
third stage XU3 of the lower scan for the numeral 9 is 
set when a mark is detected in criterion area, b, and no 
marks are detected in criterion areas a and c provided 
the preceding stage XU2 has been set. The implementa 
tion stage XU3 for the Arabic numeral 9 is shown in 
FIG. 13 and comprises AND gate 1305 and flip-flop 
1306. AND gate 1305 has one input connected to the 
(1) output of flip-flop. 1304 and other inputs connected 
to the a0, b1 and c0 leads. The actuation of AND gate 
1305 in response to signals on the input leads thereto sets 
flip-flop. 1306 to its “1” state. When flip-flop 1306 is set 
to its “1” state, a signal is applied to lead 1308 which ex 
tends to the lower inputs of AND gates 1309 and 1310. 
As indicated in the above logic table, the setting of stages 
XU1, XU2 and XU3 for the Arabic numeral 9 indicates 
the detection of a closed loop condition on the upper 
scan. This closed loop condition may be present if either 
the Arabic numeral 9 or a closed-top Arabic numeral 4 
is being scanned. Before discussing the closed loop reso 
lution circuit, which in accordance with the present in 
vention determines whether the closed loop condition 
detected by the setting of stages XU1, XU2, and XU3 
described above is a closed loop in an Arabic numeral 4 
or an Arabic numeral 9, the remaining logic codes and 
the implementation thereof for the Arabic numeral 9 will 
be described. 

Referring to the above logic code table, it will be noted 
that when the Arabic numeral 9 moves into the scan 
pattern a mark will be detected in criterion area e of the 
lower scan and a mark will not be detected in criterion 
area h. This is shown as logic stage XL1 in the table. 
The implementation of the XL1 logic stage for the nu 
meral 9, as shown in FIG. 13, comprises AND gate 1313 
and flip-flop. 1314. When signals are present on the e1 
and h0 leads, AND gate 1313 will be actuated to set flip 
flop. 1314 to its "1" state. 
The second logic stage XL2 for the lower scan of the 

numeral 9, as shown in the above table, is met when a 
mark is detected in criterion area e and no marks are 
detected in criterion areas f, g and h, provided that stage 
XL1 has been previously set. The implementation of 
stage XL2 for the Arabic numeral 9 is shown in FIG. 13 
as AND gate 1315 and flip-flop. 1316. AND gate 1315 
has as its inputs the e1, fo, g0, h0 leads and the (1) out 
put lead from flip-flop 34. Accordingly, if signals are 
present on the ef, fo, g0, h0 leads and flip-flop 1314 is 
set to its “1” state, AND gate 1315 will be actuated to 
set flip-flop. 1316 to its “1” state. 
The third stage XL3 of logic for the lower scan of the 

Arabic numeral 9, as shown in the above logic table, is 
met when marks are detected in criterion areas f and g 
and no marks are detected in criterion area h, provided 
that the previous stage XL2 has been set. The imple 
mentation of logic stage XL3 for the numeral 9 is shown 
in FIG. 13 and comprises AND gate 1317 and flip-flop 
1318. AND gate 1317 has inputs connected to the f1, 
g1 and h0 leads as well as the (1) output lead from flip 
flop. 1316. Accordingly, if signals are present on these 
leads, AND gate 1317 will be actuated to set flip-flop 
1318 to its “1” state. The setting of flip-flop. 1318 to its 
“1” state will apply a signal to the lower input of AND 
gate 1319. As will be described hereafter, a signal will 
be applied to the upper input of AND gate 1319 from the 
output of AND gate 130 in the closed loop resolution 
circuit if the numeral being scanned is the Arabic nu 
meral 9, and accordingly AND gate 1319 will be ac 
tuated to apply a signal to the 9 lead to indicate the 
(recognition of the Arabic numeral 9. 
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CLOSED LOOP RESOLUTION CIRCUIT 

As indicated hereinbefore, an important aspect of the 
present invention is directed to a resolution circuit for 
resolving ambiguities between scanned characters by first 
detecting a character closure and then utilizing the num 
ber of corners in the configuration of the closure to re 
solve the ambiguities. As described above, when a closed 
loop condition is detected on the upper scan of the bipolar 
scan pattern, it is not known whether this closed loop is 
a part of a closed-top numeral 4 or a numeral 9. The 
fact that the numeral is a 9 or a 4 is determined by the 
closed loop resolution circuit of the present invention 
shown in FIG. 13. If the numeral is a 9 the number of 
corners is at most one, while in the case of a closed-top 
numeral 4 the number of corners is normally three. 
Prior to a description of the specific embodiment of the 
closed loop resolution circuit given in FIG. 13, the basic 
principle of operation of this circuit will be described 
with reference to FIGS. 17A, 17B and 17C. 
The basic principle of operation of the closed loop 

resolution circuit of the present invention is to obtain a 
signal which is proportional to the distance from the cen 
ter of a scan to the closed loop configuration for a com 
plete scan cycle of 360 degrees. If the scan center is in 
side a circle, as shown in FIG. 17A, the output signal ob 
tained in this manner will be a smooth curve. Referring 
to FIG. 17A, if the center of the scan is located at a point 
ii inside a circle, the length of the vector radius rii will 
vary in a smooth manner as the radius vector rotates 
through 360 degrees. The curve thus obtained is shown 
on the right in FIG. 17A and plots the angle 0 and vector 
radius length r for 360 degrees of rotation. 

If the scan center is inside a triangle, a smooth curve 
superimposed upon a curve having three cusps will be 
obtained. This is illustrated in FIG. 17B where the radius 
vector r is rotated through 360 degrees about a pointi 
inside the triangle. The resulting curve is shown on the 
right in FIG. 17B and has three cusps formed by the dis 
continuities caused by the corners of the triangle. 
As shown in FIG. 17C, a similar curve is developed 

for a four-sided figure and the resulting curve is one hav 
ing four cusps or discontinuities. Referring to FIGS. 
17A, 17B and 17C, it will be observed that a circle pro 
vides no cusps in the resulting output curve, whereas a 
three-sided triangular figure provides three cusps and a 
four-sided figure provides four cusps in the resulting 
curves. In accordance with the present invention, the 
cusps in such resulting curves are advantageously utilized 
to distinguish closed configurations in scanned characters 
to resolve ambiguities. 

Referring now to FIG. 13, a specific embodiment of 
the closed loop resolution circuit, in accordance with the 
present invention described in connection with FIGS. 17A 
through 17C, will be described. As indicated hereinbe 
fore, when a closed loop condition is detected in the 
upper scan of the bipolar radial scan pattern, flip-flop 
1304 will be set to its “1” state. This will apply a signal 
to the upper input of AND gate 1305 and to the control 
input of gate 1307. The input of gate 1307 is connected 
to the THO lead which extends to the output of threshold 
circuit 804 shown in FIG. 8. As described hereinbefore, 
128 radial scans are made from each of the scan centers 
in the bipolar scan pattern. As each of these scans is 
generated the light reflections resulting therefrom are 
picked up by photomultiplier PMC, amplified in amplifier 
803, and applied to threshold circuit 804. Accordingly, 
the output of threshold circuit 804 gives an indication 
if a mark or a line is intersected on each of the 128 scans. 
There is no integration of the output of threshold circuit 
804 applied to the THO lead, as was described hereinbe 
fore in connection with the binary counter BC2, and 
therefore the time of the respective signal pulses applied 
to the THO lead represents the time of crossing of a 
scanned line or mark on each radial scan. In other 
words, when a clock pulse from clock pulse source 600 
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generates a particular radial scan, the time delay between 
the start of this scan and the crossing of a line or mark 
is measurable by the delay from the start of this particu 
lar scan until a signal is applied from the output of 
threshold circuit 804 to the THO lead. 

Referring back to FIG. 13, it will be observed that the 
signals applied to the THO lead are gated through gate 
1397 and applied to the control input of gate 1328. The 
input of gate 1320 is connected to the STV lead which 
extends to the output of sawtooth generator 980. The 
sawtooth voltage from the output of Sawtooth generator 
900 is thus applied to gate 1320 over the STV lead. This 
sawtooth voltage is the voltage which is utilized in the 
manner described hereinbefore to generate the radial 
sweeps of the beam of the flying spot scanner from the 
central point of the scan to the outer radius. The output 
of gate 1320 is therefore a voltage pulse obtained at the 
instant a pulse from the threshold circuit. 804 is applied 
over lead THO through gate 1307 to gate 320. The 
magnitude of this voltage pulse corresponds to the dis 
tance from the center of the scan to the point where the 
scan crosses a line or mark. Thus the output of gate 1320 
is a succession of 128 pulses per scan rotation, one for 
each of the successive radial scans, and the amplitude of 
each of these pulses is proportional to the distance from 
the center of the scan to the intersected line segment of 
the closed loop configuration. if the scan center is lo 
cated inside the circular closed loop configuration of a 
numeral 9, the envelope of the resulting voltage pulses 
will be a smooth curve similar to that shown in FIG. 17 A. 
On the other hand, if the scan center is located inside 
the triangular closed loop configuration of the closed 
top numeral 4, the envelope of the resulting voltage pulses 
will be a curve having three cusps similar to that shown 
in FIG. 17B. 
As described hereinbefore, the repetition frequency of 

the scan cycle is advantageously set so that each character 
is scanned a plurality of times by the bipolar scan pat 
tern as the field of the character moves through the Scan 
pattern of flying spot scanner FSS. Thus the 128 voltage 
pulses obtained from the output of gate 1320 for each 
scan cycle are repeatedly applied to the output lead from 
gate 1320. These successive voltage pulses are applied 
to band-pass filter 1321, the midband frequency of which 
is advantageously set to be three times the scan repeti 
tion frequency. Thus if the envelope of the voltage pulses 
applied to the input of band-pass filter 132 contains 
three cusps for each repetition cycle, a signal will be ob 
tained from the output of band-pass filter 1321 and ap 
plied to amplifier 1323. On the other hand, if the en- ; 
velope of the voltage pulses applied to band-pass filter 
1321 contains no cusps or, at the most, one cusp, band 
pass filter 1321 will apply no signal from its output to 
amplifier 1323. The signal obtained from the output of 
band-pass filter 1321 is amplified in amplifier 1323 and 
applied to threshold circuit 1324. The output of thresh 
old circuit 1324 is applied to the input of flip-flop. 1312 
and causes this flip-flop to be set to its “1” state. 

Accordingly, if the closed loop configuration detected 
by AND gate 1303 and flip-flop. 1304, in the manner de 
scribed hereinbefore, is a closure of a closed-top numeral 
4, a signal will be applied to set flip-flop 1312 to its '1' 
state. On the other hand, if the closed loop configuration 
detected by AND gate 1303 and flip-flop. 364 is a closure 
of a numeral 9, no signal will be applied to flip-flop i312 
and it will remain in its 'O' state. 

If flip-flop 1312 is set to its '1' state indicating that 
the closed loop of a closed-top numeral 4 has been 
scanned, the signal applied from the () output thereof 
in coincidence with the signal applied from the (1) out 
put of flip-flop 386 over lead 1308 will cause the actua 
tion of AND gate 1309. The actuation of AND gate 
1369 will apply a signal to the 4T lead which extends to 
OR gate 1210 shown in FIG. 12 to cause the actuation 
of the logic circuitry for the numeral 4. With flip-flop 
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1312 remaining in its “0” state the signal applied from 
the (0) output lead therefrom in coincidence with the 
signal applied to lead 308 will cause the actuation of 
AND gate 1310. The actuation of this AND gate in 
turn applies a signal to the upper input of AND gate 
359 which in coincidence with the signal from the (1) 
output of flip-flop 138 as described hereinbefore will 
cause the actuation of AND gate 1319 and the applica 
tion of a signal to the 9 lead to indicate the recognition 
of the numera 9. 

It is of course obvious that the above-described specific 
embodiment of the closed loop resolution circuit of the 
present invention may be utilized with equal advantage 
to resolve ambiguities in characters other than the Arabic 
numeral 9 and the closed-top numeral 4. For example, 
by utilizing this aspect of the present invention, the am 
biguity between the letter D and the letter O may be re 
solved. The envelope of the voltage pulses obtained 
from a plurality of radial scans emanating from a Scan 
center inside the letter D will contain two cusps whereas 
the envelope of the voltage pulses from a plurality of 
radial scans from a scan center inside the letter O will 
contain no cusps, and accordingly the letter D and the 
letter O may be distinguished. It is also to be understood 
that this aspect of the present invention is not limited 
to resolving ambiguities between scanned characters and 
may be utilized in any type of pattern recognition problem 
to distinguish patterns Such as circles, triangles, Squares, 
et Cetera. 

It is to be further understood that this aspect of the 
invention is not limited to the specific implementation 
utilizing the band-pass filter described above. For ex 
ample, the successive voltage pulses whose amplitude cor 
responds to the distance from the center of a rotating 
radial scan to an intersected closure configuration may 
be applied to a low pass filter. The output of this filter 
may then be differentiated to provide an input to a simple 
counter to count the number of cusps present in the en 
velope of the voltage pulses. This counter may be reset 
periodically in synchronism with the scan cycle. 
OUTPUT CIRCUIT AND LOGIC RESET CIRCUIT 
As shown in FIGS. 10 through 15, the output leads 

from the individual logic circuits which are utilized to 
recognize a scanned numeral are applied to utilization 
circuit 509. This utilization circuit may be any type 
of circuit known in the art which in response to the ma 
chine language appearing on one of the leads 0 through 9 
performs an operation such as punching a card or record 
ing the information on a magnetic tape. When a signal 
is applied to any of the output leads to indicate the rec 
ognition of a character, OR gate 150 shown in FIG. 15 
is also actuated. The output of OR gate 59 is applied 
to a delay circuit 562 where the signal is delayed for a 
predetermined interval before being applied to the RS 
reset lead. The RS reset lead extends to all of the flip 
flop circuits of the individual recognition logic shown in 
FIGS. 10 through 15 to reset the flip-flops to their normal 
state. Thus, as soon as a character is recognized, the logic 
is reset in preparation for recognition of the next char 
acter to be scanned which may be next to it on the docu 

ent. 
The output of OR gate 1501 is also applied to the reset 

inputs of binary counter BC6 shown in FIG. 15. The 
input of binary counter BC6 is connected to the 
t(128-255) lead which extends to the synchronizing 
circuits of FIGS. 6 and 7. As indicated hereinbefore, 
lead t(128-255) will have a signal applied thereto once 
during each scan cycle of the bipolar scan pattern. Each 
of the signals applied to this lead is counted in binary 
counter BC6. Binary counter BC6 may advantageously 
have any desired number of stages, the number being 
determined by the speed of operation of the document 
carriage speed. Thus if, after a predetermined number 
of scan cycles of the bipolar radial scan pattern on a 



3,112,468 
29 

particular character in the field of the scanner, a recogni 
tion of the character is not made, OR gate 1501 will not 
be actuated and the threshold count in binary counter 
BC6 will be reached. This will cause a signal to be ap 
plied to the output lead AL of this counter which may 
advantageously extend to a reject alarm circuit to indicate 
that the scanner failed to recognize a particular char 
acter. On the other hand, if a scanned character is rec 
ognized before the threshold count in counter BC6a is 
reached, the signal applied from OR gate 1501 will reset 
counter BC6a to its “0” state to prepare the counter for 
operation with the next character scanned. 
AUTOMATIC SCAN REGISTRATION CIRCUIT 
As indicated hereinbefore, an aspect of the present in 

vention is directed to the automatic registration of the 
light spot from flying spot scanner FSS on the two central 
guide lines 1b and 1c shown in FIGS. 1 and 2 as the field 
of the characters to be recognized moves through the 
bipolar radial scan pattern in the manner shown in FIG. 4. 
This automatic registration takes place currently with the 
scanning of the characters and accordingly works in paral 
lel with a recognition logic circuitry utilized to identify 
the scanned characters. 
As shown in FIG. 4 and as pointed out previously, the 

light pattern from flying spot scanner FSS is focused on 
the paper or form upon which the characters to be recog 
nized appear by a lens system designated SL. The light 
pattern from the character field is reflected back, focused 
into two beams and directed to two separate positions. 
One is focused through a color filter and lens system desig 
nated FLC to a photomultiplier designated PMC, the 
output of which controls the recognition logic circuitry 
of the present invention in the manner described herein 
before. The other beam is directed through a color filter 
and lens system designated FLR to photomultiplier PMR. 
Photomultiplier PMR is also shown in FIG. 9. Because, 
as indicated hereinbefore, the alpha-numeric characters to 
be recognized are written or printed in one color of ink 
whereas the guide lines with respect to which the charac 
ters are written are a different color of ink, the light reflec 
tions indicating traversals of the respective lines, that is, 
the lines of the characters and the guide lines, will be 
directed to the respective photomultipliers PMC and 
PMR. 
As shown in FIG. 9, the output of photomultiplier 

PMR is applied to amplifier 918. Photomultiplier PMR 
sees a continuous light reflection as a radial scan starts 
from the center and moves toward the edge. If this scan 
is intersected on a guide line, the light intensity reflected 
to photomultiplier PMR will be reduced. The output of 
photomultiplier PMR is therefore a voltage which has a 
specific direct-current level until a guide line is encoun 
tered. As the scan passes over the guide line, the output 
of photomultiplier PMR will then be a pulse with a nega 
tive direction. If a particular scan intersects more than 
one guide line, the output of photomultiplier PMR will 
accordingly be more than one negative pulse. These nega 
tive pulses are amplified in amplifier 918 and applied to 
threshold circuit 919. Threshold circuit 919 will distin 
guish, at some predetermined threshold, weak pulses 
caused by reflections of dirt spots or smudges from storing 
pulses indicating the intersection of one or more of the 
guide lines. The output of threshold circuit 919 is applied 
to an input of AND gate 920 and an input of AND gate 
921. 

Referring to FIGS. 3 and 5 of the drawing, it will be 
noted that criterion area a in the upper scan and criterion 
area h in the lower scan are vertically oriented and can 
advantageously be used to produce information as to the 
registry of the electron beam of flying spot scanner FSS 
with respect to the guide lines. It will be noted that if 
the scan centers of the bipolar radial pattern are properly 
centered on guide lines 1b and 1c, criterion area a will 
intersect one guide line and criterion area h will likewise 
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intersect one guide line. However, if the scanning pat 
tern is centered below the two central guide lines, a con 
figuration of two intersections in criterion area a will be 
obtained with one intersection in criterion area h. For 
every specific configuration of error, whether it be to the 
top or to the bottom or a specific distance away from the 
two central guide lines, there is a specific combination of 
intersections in criterion areas a and h. With each of 
these combinations, there will be required a specific action 
to center the electron beam of flying spot scanner FSS at 
its proper location. In the illustrative embodiment of the 
present invention, the actions required to center the elec 
tron beam of flying spot scanner FSS to its proper loca 
tion are divided into a plurality of increments. These 
increments may be as coarse or as fine as required and 
the number of such increments may also be selected as 
required. If the scan centers are close to their proper 
position, an action requiring the movement of one incre 
ment will be produced. On the other hand, if the scan 
centers are farther away from their required position, a 
command to move two increments may be produced, and, 
similarly, if the scan centers are out of proper registra 
tion by a considerable distance, a command to move four 
increments will be produced. 

Referring to FIG. 3, an illustrative list of the possible 
combinations of intersections, together with the specific 
action required, will be described. If two guide lines are 
intersected in criterion area a and a single guide line is 
intersected in criterion area h, an action should be taken 
to move the scan centers up one increment, as it will be 
observed that the centers are below the two central guide 
lines. If a single guide line is intersected in criterion 
area a and two guide lines are interescted in criterion 
area h, an action should be taken to move the electron 
beam of flying spot scanner FSS down one increment. 
Similarly, if a single guide line is intersected in criterion 
area a and none are intersected in criterion area h, the 
scan centers of the electron beam of flying spot scanner 
FSS should be moved up a double increment as this is 
indicative that the centers are a greater distance from their 
proper locations. On the other hand, if no guide lines 
are intersected in criterion area a and one guide line is 
intersected in criterion area h, the electron beam of flying 
spot scanner FSS should be moved down a double incre 
ment as it is improperly centered above the central guide 
lines by a considerable distance. If two guide lines are 
intersected in criterion area a and none are intersected in 
criterion area h, the scan centers of flying spot scanner 
FSS are located a considerable distance from their proper 
positions and a command to move up four increments 
will result. If the reverse is true, that is, if no guide 
lines are intersected in criterion area a and two guide 
lines are intersected in criterion area h, the command to 
move down four increments will result. When the scan 
centers are properly located on the two central guide 
lines, criterion area a and criterion area h will both inter 
sect one guide line, a stable or centered position is indi 
cated, and no action is required. 
The manner in which the error signals are generated, 

in accordance with an illustrative embodiment of the 
present invention, will be described with reference to 
FIG. 9. As indicated hereinbefore, the output of thresh 
old circuit 919, which is applied to AND gate 920 and 
AND gate 921, will be signal pulses whenever guide 
lines are intersected on any of the radial scans from the 
two scan centers. The lower input of AND gate 920 
is connected to lead to24) which, as indicated herein 
before, has a signal applied to it when the 24th radial 
scan from the upper scan center of the bipolar radial 
scan pattern is generated. Referring to FIG. 5, it will 
be noted that this is the first scan of criterion area a 
and accordingly any light reflections received by photo 
multiplier PMR indicating a crossing of a guide line 
during the 24th radial scan will be gated through AND 
gate 920 and applied to two-stage binary counter BC4T. 
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Thus, if during the 24th radial scan of the upper center 
a guide line is intersected, AND gate 920 will be actu 
ated to set stage (1) of binary counter BC4T to its "1" 
State. Similarly, if two guide lines are intersected on the 
24th radial scan, vinary counter BC4T will be set to 
indicate a count of 2. 
The upper input of AND gate 921 is connected to 

lead tC26) which, as indicated hereinbefore, has a 
signal applied to it when radial scan 256 from the lower 
center of the bipolar radial scan pattern is generated. As 
shown in FIG. 5, scan 216 is the first radial scan of 
criterion area h and, in a manner similar to that de 
scribed above, the pulses indicating the intersections of 
guide lines on scan 216 from the lower center of the 
bipolar radial scan pattern are applied to two-stage 
binary counter BC4B. 
The (0) and () output leads from the respective 

stages of binary counters BC4T and BC4B are combined 
in a translation circuit comprising AND gates 922 through 
927, OR gates 923 through 932, and AND gates 933 
and 934 to provide signal voltages indicating the com 
mands, up one increment, down one increment, up two 
increments, down two increments, up four increments 
and down four increments. These command functions 
are synchronized to take place after each cycle of the 
bipolar radial scan. In other words, after the number 
of guide line intersections occurring in radial scan 24 
have been set in binary counter BC4T, and after the 
number of guide line intersections occurring in radial 
scan 225 have been set in binary counter BC4B, a signal 
will be applied to lead to 220) which will gate the out 
put of the translation logic circuitry to accumulator ACU. 
After the output has been gated to accumulator ACU, 
the stages of binary counters BC4T and BC&B are reset 
to their "O' state by a signal applied to lead t(224-255). 
Thus these binary counters are reset to zero and are 
ready to determine the number of guide line intersec 
tions occurring on the next scan cycle in radial scans 
24 and 26. 

Referring to FIG. 9, the circuit which translates the 
output signals from the respective stages of binary 
counters BC4T and BC4B will be described. If counter 
BC4T is set to a count of 0 indicating the intersection of 
no guide lines on radial scan 24, and counter BC4B is 
'set to a count of 2 indicating the intersection of two 
guide lines on radial scan 26, the signals on the (9) 
output lead of stage (i) and the (C) output lead of stage 
(2) of binary counter BC4T are combined with the 
signals applied to the (0) output lead of stage () and 
the (1) output lead of stage (2) of binary counter 
'BC4B in AND gate 922. The actuation of AND gate 
922 applies a signal to lead 4D which extends to OR 
gate 932 and OR gate 929. The actuation of OR gate 
932 applies a signal to the DN lead indicating that the 
scan centers of the electron beam of flying spot scanner 
FSS should be moved in a down direction. At the same 
time the signal applied to lead 4D will cause the actua 
tion of OR gate 929 which applies a signal to lead C4. 
The signal on the C4 lead indicates that the electron 
beam is to be moved four increments. When a signal 
is applied to lead tC220) as described hereinbefore, AND 
gate 933 will be actuated to apply a signal to lead C4'. 
The DN and C4' leads are connected to accumulator 
ACU which, in response to the signals applied thereto, 
will direct the movement of the scan centers of the elec 
tron beam of flying spot scanner FSS down four incre 
ments as will be described later. After this action is 
taken and before the next scan cycle commences, the 
signal applied to lead tC224-255) resets the respective 
stages of binary counters BC4T and BC4B to their '0' 
state in preparation for the next scan cycle. 

In a similar manner, if binary counter BC4T is set 
to a count of 2 indicating the intersection of two guide 
lines on radial scan 24 and binary counter BC4B is set 
to a count of 0 indicating the intersection of no guide 
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lines on radial scan 216, the signals on the (0) output 
lead of stage (i) and the () output lead of stage (2) 
of binary counter BC4T are combined with the signals 
applied to the (0) output lead of stage (A) and the (0) 
output lead of stage (2) of binary counter BC4B in 
AND gate 923. The actuation of AND gate 923 applies 
a signal to lead 4U which extends to OR gate 928 and 
OR gate 929. The actuation of OR gate 928 applies a 
signal to the UP lead indicating that the scan centers 
of the electron beam of flying spot scanner FSS should 
be moved in an up direction. At the same time the 
signal applied to lead 4U will cause the actuation of OR 
gate 929 which applies a signal to lead C4. As described 
above, the signal on lead C4 indicates the electron beam 
is to be moved four increments, and when a signal is 
applied to lead to 220) AND gate 933 will be actuated 
to apply a signal to lead C4'. The UP and C4' leads 
are connected to accumulator ACU which in response to 
the signals applied thereto will direct the movement of 
the scan centers of the electron beam of flying spot 
scanner FSS up four increments. Before the next scan 
cycle is started, binary counters BC4T and BC4B are 
reset by the signal applied to lead t(224-255). 

In a manner similar to that described above, the count 
registered in binary counters BC4T and BC4B will cause 
the actuation of AND gates 924 through 927 which in 
turn will apply signals to leads 2D, 2U, 1D and U 
respectively. The signals applied to leads 2D or 2U 
will cause the actuation of OR gate 930 which in turn 
applies a signal to lead C2 to indicate that the two centers 
of the electron beam of flying spot scanner FSS are to 
be moved two increments. In a manner similar to that 
described above, the signal on lead 2D also causes the 
actuation of OR gate 932 indicating that the scan centers 
are to be moved in the down direction, whereas the signal 
on lead 2U causes the actuation of OR gate 928 which 
in turn applies a signal to the UP lead indicating that 
the scan centers are to be moved in the up direction. 
Similarly, signals applied to lead 1D or 1U will cause 
the actuation of OR gate 931. The actuation of OR 
gate 93 will apply a signal to the C lead indicating that 
the scan centers of the electron beam of flying spot Scan 
ner FSS are to be moved one increment. The signal on 
lead 1D also causes the actuation of OR gate 932 which 
applies a signal to the DN lead indicating that the scan 
centers are to be moved in the down direction. A signal 
applied to lead U causes the actuation of OR gate 928 
which applies a signal to the UP lead indicating that the 
scan centers are to be moved in the up direction. Ac 
cordingly, the output leads from the translation circuit de 
scribed above provide signals indicating the number of 
increments that the scan centers of the electron beam of 
flying spot scanner FSS are to be moved and the direc 
tion of this movement. If the scan centers are to be 
moved four increments, lead C4 will have a signal applied 
thereto. If the scan centers are to be moved two incre 
ments, a signal will be applied to lead C2 and, similarly, 
if the scan centers are to be moved one increment a 
signal will be applied to lead CA. If the movement is to 
be made in the up direction a signal will be applied to 
the UP lead, whereas if the movement is to be made in 
the down direction a signal will be applied to the DN 
lead. It is pointed out that signals are applied to the 
DN and UP leads prior to the actuation of AND gates 
933, 934, or 935 by the signal applied to lead tC220). 
The signals on the DN or UP leads enable AND gates 
in accumulator ACU So that the accumulator will count 
up or down as required when it receives a command 
signal over the C4, C2, or C1 lead indicating the num 
ber of increments to be added or subtracted from the 
present count in accumulator ACU. When a signal is 
applied to lead t(220), accumulator ACU will be con 
trolled to direct the movement of the scan centers of 
flying spot scanner FSS in the direction and the number 
of increments indicated on the output leads from the 
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above-described translation circuit. If a signal is applied 
to lead C4 at the time that the signal is applied to 
lead tC220), the C4' lead extending to accumulator ACU 
will have a signal applied thereto by the actuation of AND 
gate 933. Similarly, if a signal is present on the C2 
lead at the time that the signal is applied to lead to220), 
AND gate 934 will be actuated to apply a signal to lead 
C2' extending to accumulator ACU. Lastly, if a signal 
is present on the C1 lead at the time that the signal is 
applied to lead tC220), AND gate 935 will be actuated 
to apply a signal to lead C1' extending to accumulator 
ACU. 
As indicated hereinbefore, the possible locations of the 

scan centers of the electron beam of flying spot scanner 
FSS from a maximum distance below the guide lines to 
a maximum distance above the guide lines are divided 
into a plurality of increments and the scan centers are 
moved one, two, or four of these increments in either 
the up or down direction in response to the signals from 
the output of the translation circuit described above. The 
actual control of the movement of the electron beam of 
flying spot scaner FSS is effected by accumulator ACU 
shown in FIG. 9. This accumulator, which is in effect a 
reversible binary counter capable of counting up or down 
in steps of 1, 2 and 4 from any accumulated count, con 
tains a plurality of binary stages (1), (2), (4) . . . (N). 
Each of the binary stages of accumulator ACU is a typi 
cal binary stage which in response to successive input sig 
nals is set to its alternate states. Each has a pair of out 
put leads designated (0) and (1), and when a stage is in 
its “1” state the (1) output lead therefrom will have a 
steady state voltage applied thereto. When the stage 
is in its “0” state the (0) output lead therefrom will have 
a steady state voltage applied thereto. 

Referring to FIG. 9, it will be observed that each of 
the (0) and (1) output leads of each stage of accumula 
tor ACU is connected to an RC circuit and the output 
of this RC circuit is connected to an input of an AND 
gate. For example, the (1) output lead of stage (1) 
of accumulator ACU is connected to the RC circuit com 
prising condenser C(1)1 and resistance R(1)1. The 
other terminal of condenser C(1) 1 is connected to the 
upper input of AND gate 943. Similarly, the (0) out 
put lead of stage (1) of accumulator ACU is connected 
to an RC circuit comprising condenser C(1)0 and re 
sistance R(1)0 with the other terminal of condenser 
C(1)0 connected to an input of AND gate 942. If stage 
(1), for example, is in its “1” state and is set to its "0" 
state by a signal applied to its input, a short signal pulse 
commonly referred to as a "carry signal” will be applied 
through condenser C(1)0 to the input of AND gate 942. 
Similarly, if stage (1) is in its "0' state and is set in its 
“1” state by a signal applied to its input, a short signal 
pulse commonly referred to as a "borrow signal' will be 
applied through condenser C(1)1 to the input of AND 
gate 943. The time constant of the RC circuits in each 
of the (0) or (1) output leads is such that no steady 
state voltage signal is applied to the respective AND 
gates in the output after the "carry' or "borrow” signals 
are generated during the switching time of the binary 
Stage. 

Sufficient binary stages are provided in accumulator 
ACU to accumulate or count the total number of incre 
ments that the scan centers of the electron beam of fly 
ing spot scanner FSS may be moved. ASSume, for ex 
ample, that accumulator ACU contains eight binary 
stages. Accordingly, it can accumulate or count a total 
number of increments from 0 to 255 and may count up 
or down in steps of 1, 2, or 4 increments in response to the 
command function signals described above. The (1) out 
put lead from each stage of accumulator ACU is associ 
ated with a gate which closes a path from negative poten 
tial source 939 through an associated resistance to lead 940 
when a steady state voltage is applied thereto. According 
ly, when the respective stages of the accumulator ACU are 
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set to their “1” state, the gate associated therewith will 
be actuated to complete this path. For example, the (1) 
output lead of stage (1) of accumulator ACU is con 
nected to gate G1, and when this stage is in its “1” state 
gate G1 will be actuated to close a path from potential 
source 939 through resistance R1 to lead 940. Similarly, 
when stage (2) is set to its “1” state, gate G2 will be 
actuated to complete a path from potential source 939 
through resistance R2 to lead 940. It will be observed 
that the operation of the respective gates G1, G2, G4, 
G8 . . . G(N) changes the combination of resistances 
R1, R2, R4, R8 . . . R(N) which are connected in par 
allel between potential source 939 and lead 940. The 
values of resistances R1, R2, R4, R8 . . . R(N) are in 
dividually selected to provide advantageously a deflection 
current in vertical registry coil 936 which is related to 
the count accumulated in accumulator ACU. 
One terminal of vertical registry coil 936 of flying 

spot scanner FSS is connected to negative potential 
source 937. The other terminal of coil 936 is connected 
via lead 941 to the left-hand terminal of variable resist 
ance RC. The other terminal of variable resistance RC 
is connected to positive potential source 938. It will also 
be observed that lead 940 is terminated on the same left 
hand terminal of resistance RC as lead 941. Accordingly, 
the potential at the point of intersection of leads 940 and 
941 may be adjusted by varying resistance RC or by 
varying the parallel combination of resistances R1, R2, 
R4, R8 . . . R(N). 
The current flow through vertical registry coil 936 is 

initially adjusted by variable resistance RC such that the 
electron beam of flying spot scanner FSS is centered to 
one side of the field. A current in the opposite direction 
is used to deflect the beam back in the other direction. 
This current is produced by voltage from source 939 
through the selectable parallel combination of resistances 
R1, R2, R4, R8 . . . R(N) which, as pointed out above, 
is varied and depends upon the count accumulated in 
accumulator ACU. Thus the count registered in accumu 
lator ACU is initially set to be somewhere in the midpoint 
of the total count that can be accumulated so that accumu 
lator ACU can count up or down from this setting and 
move the scan centers of the electron beam of flying spot 
scanner FSS up or down correspondingly. 
For example, assume that accumulator ACU contains 

eight binary stages and the count presently registered 
therein is 124 which in the binary system of notation 
corresponds to 0.1111100. Thus stages (64), (32), (16) 
not shown in FIG. 9, and stages (8) and (4) of accumu 
lator ACU, will be set to their “1” state, and the associated 
gates G64, G32, G16 not shown in the drawing, and G8 
and G4 will be operated. Accordingly the voltage applied 
to lead 940 will be proportional to the voltage drop 
through the parallel combination of resistances R64, R32, 
R16 not shown in the drawing, and R8 and R4. 
Assume now that accumulator ACU receives a com 

mand from the above-described translation circuits to 
move the scan centers of the electron beam of flying spot 
scanner FSS down four increments. Assume further that 
the present count registered in accumulator ACU is 124 as 
assumed above. As indicated hereinbefore, when the 
translation circuits described above determine that the scan 
centers of the electron beam of flying spot scanner FSS 
are to be moved four increments, a signal is applied to the 
C4' lead and the DN lead. The signal applied to the DN 
lead will enable AND gates 943, 946 and 949 in stages 
(1), (2) and (4), respectively, of accumulator ACU and 
the corresponding AND gate in the successive stages of 
accumulator ACU. No further action takes place, how 
ever, because as indicated above no steady state signal 
voltage is applied to the other input of these respective 
AND gates. After the AND gates in accumulator ACU 
are enabled in response to the signal applied to the 
DN lead and in response to the signal applied to lead 
t(220), AND gate 933 will be actuated to apply a 
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signal to the C4' lead. The signal applied to the C4 
lead is applied to OR gate 947 in the input of stage 
(4) of accumulator ACU. The actuation of OR gate 
947 in response to this signal will apply a signal to 
the input of stage (4) of accumulator ACU. Because 
stage (4) under the assumed accumulated count is set to 
its “1” state, it will be set to its "0' state in response to 
the signal applied to its input and will remove the steady 
state signal from the (1) output lead of stage (4) and 
hence open gate G4. The opening of gate G4 removes 
resistance R4 from the parallel combination of resistances 
connected between potential source 939 and lead 940. 
When stage (4) changes from its “1” state to its '0' 
state a signal pulse will be applied through condenser 
C(4)0 to the lower input of AND gate 948. However, 
because this AND gate is not enabled, a "borrow” signal 
is not propagated to the succeeding stages of accumulator 
ACU. Thus the count accumulated in accumulator ACU 
is 120 which in the binary system of notation corresponds 
to 0.1111000. 
Assume now that the next command received by ac 

cumulator ACU from the translation circuits is another 
command to move the scan centers of the electron beam 
of flying spot scanner FSS down four increments. In a 
manner similar to that described above, the signal applied 
to the DN lead will enable the respective AND gates 943, 
946, 949, etcetera, in each of the stages of accumulator 
ACU. When a signal is applied to lead t (220), AND 
gate 933 will be actuated and apply a signal to lead C4'. 
The signal applied to the C4' lead causes the actuation 
of OR gate 947 which applies a signal to the input of stage 
(4) of accumulator ACU. As indicated above, stage (4) 
is now in its “0” state and accordingly the signal applied 
to its input will set this stage to its "1' state. When 
stage (4) is set to its “1” state, a "borrow signal' pulse 
will be applied through a condenser C(4) to the upper 
input of AND gate 949. This signal will cause the actu 
ation of AND gate 949 which in turn will apply a signal 
to the input of stage (8) of accumulator ACU. Stage 
(8) of accumulator ACU will be switched from its “1” 
state to its “0” state and the count accumulated in 
accumulator ACU will be 1 16 which in the binary system 
of notation corresponds to 0.1110100. 
With the count accumulated in accumulator ACU at 

116 as described above, assume now that the translation 
circuits provide a command to move the scan centers of 
the electron beam of flying spot scanner FSS up one incre 
ment. As described above, this command will be repre 
sented by a signal applied to the UP lead and a signal 
applied to the C1 lead. The signal on the UP lead will 
enable AND gates 942, 945, 948 in stages (1), (2), and 
(4), respectively, of accumulator ACU and the corre 
sponding AND gate of successive stages of accumulator 
ACU not shown in the drawing. When AND gate 935 is 
actuated in response to the signal applied to lead t (229) 
a signal is applied to lead C1". The signal applied to the 
C1 lead is then applied to the input of stage (1) of accu 
mulator ACU. Under the assumed count 116, stage (1) 
will be set to its "0" state, and accordingly the signal 
applied to the C1 lead after being delayed in delay cir 
cuit DU1 will set stage (i) of accumulator ACU to its 
"1" state. When stage () is set from its "0" to its "1' 
State, a "carry signal' is applied from the (1) output lead 
of stage (1) through condenser C(1) 1 to an input of AND 
gate 943. However, AND gate 943 is not enabled at this 
time and accordingly no "carry signal' is propagated to 
the successive stages of accumulator ACU. Thus the 
count accumulated in accumulator ACU is 117 which in 
the binary system of notation corresponds to 0.1110101. 

ASSume now that a command to move the scan centers 
of the electron beam of flying spot scanner FSS up two 
increments is received from the above-described transla 
tion circuits. As indicated above, this is represented by 
a signal applied to the UP lead and a signal applied to 
the C2' lead. The signal on the UP lead will, as de 
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scribed above, enable AND gates 942, 945, 948, etcetera, 
in each of the stages of accumulator ACU. When AND 
gate 934 is actuated in response to the signal applied to 
lead to220), a signal is applied to lead C2'. The signal 
applied to the C2' lead causes the actuation of OR gate 
944 which applies a signal to the input of stage (2) of 
accumulator ACU. Under the assumed count, stage (2) 
is now set to its “0” state and accordingly the signal ap 
plied to its input from the output of OR gate 944 will set 
this stage to its '1' state. When stage (2) is set from 
its '0' state to its '1' state, a "carry signal' pulse will 
be applied through condenser C(2) 1 in the (1) output 
lead of stage (2) to an input of AND gate 946. How 
ever, AND gate 946 is not enabled at this time and no 
"carry signal' is propagated to the succeeding stages of 
accumulator ACU. Thus the count accumulated in ac 
cumulator ACU will be 119 which in the binary system 
of notation corresponds to 0.1110111. 

With the count in accumulator ACU standing at 119, 
assume that the next command received by accumulator 
ACU from the translation circuits is to move the scan 
centers of the electron beam of flying spot scanner FSS 
up one increment. As indicated above, this is repre 
sented by a signal applied to the UP lead and a signal 
applied to the C' lead. The signal on the UP lead will 
enable the respective AND gates 942, 945, 948, etcetera, 
in each of the stages of accumulator ACU. The signal 
applied to the C1' lead after the actuation of AND gate 
935 will trigger stage (1) of accumulator ACU from its 
'1' to its "0' state. When this occurs a "carry signal' 
pulse is applied through condenser C(1)0 in the (0) out 
put lead of stage (1) to actuate ANED gate 942 which was 
enabled by the signal applied to the UP lead. The actu 
ation of AND gate 942 will in turn cause the actuation of 
OR gate 944. The actuation of OR gate 944 will apply 
a signal to the input of stage (2) of accumulator ACU 
to switch this stage from its "1' state to its "O' state. 
When stage (2) is switched from its '1' to its '0' state, 
a "carry signal' pulse is applied through condenser C(2)0 
in its (0) output lead to actuate AND gate 945 which 
as indicated above was enabled by the signal applied to 
the UP lead. The actuation of AND gate 945 will in 
turn apply a signal to actuate OR gate 947. The actua 
tion of OR gate 947 will apply a signal to the input of 
stage (4) of accumulator ACU. This signal will switch 
stage (4) from its “1” state to its '0' state and will apply 
a "carry signal' through condenser C(4)0 to an input of 
AND gate 948 which was enabled by the signal on the 
UP lead. The actuation of AND gate 948 will apply a 
signal to the input of stage (8) of accumulator ACU and 
stage (8) will be switched from its "0' state to its "1' 
state. The switching of stage (8) from its “0” to its "1' 
state will apply a "carry signal' from the (1) output lead 
of stage (8) to an AND gate not shown in the drawing 
which is enabled only when a signal is applied to the DN 
lead, and accordingly no further "carry signals' are prop 
agated to the successive stages of accumulator ACU. 
Thus the count accumulated in accumulator ACU is 120 
which in the binary system of notation corresponds to 
0.1111000. 
With the count standing in accumulator ACU at 120, 

assume now that the next command received by accumu 
lator ACU from the translation circuits is a command to 
move the scan centers of the electron beam of flying spot 
scanner FSS down two increments. As indicated above, 
this is represented by a signal applied to the DN lead and 
the C2' lead. The signal on the DN lead will enable the 
respective AND gates 943, 946, 949, et cetera, in each 
of the stages of accumulator ACU. The signal applied 
to the C2' lead causes the actuation of OR gate 944. 
The actuation of OR gate 944 applies a signal to the input 
of stage (2) of accumulator ACU. As indicated above, 
stage (2) is now in its '0' state and accordingly the sig 
nal applied to its input will set this stage to its “1” state. 
When stage (2) of accumulator ACU is switched from 
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its 'O' state to its “1” state, a “borrow signal' pulse is 
applied through condenser C(2)1 to an input of AND 
gate 946. AND gate 946, being enabled by the signal 
on lead DN, will be actuated in response to this "borrow 
signal' and will in turn cause the actuation of OR gate 
947. The actuation of OR gate 947 will in turn apply 
a signal to the input of stage (4) of accumulator ACU. 
Stage (4) is now in its “1” state and accordingly, in re 
sponse to this signal, will be switched to its '0' state, 
When stage (4) of accumulator ACU is switched from 
its “1” state to its '0' state, a "borrow signal' pulse is 
applied through condenser C(4)0 to an input of AND 
gate 948 which may be actuated only when an enabling 
signal is applied to the UP lead. Accordingly, no further 
"borrow signals' are propagated to the successive stages 
of accumulator ACU and the count accumulated in ac 
cumlator ACU will be 118 which in the binary system 
of notation corresponds to 0.11110110. 

It is believed that the examples presented above clearly 
illustrate the manner in which accumulator ACU oper 
ates in response to the respective command signals, up 1, 
2 or 4, and down 1, 2 or 4, to control the current through 
vertical registry coil 936 to position the scan centers of 
the electron beam of flying spot scanner FSS. Thus, if 
the scan centers are a considerable distance from the 
proper position, accumulator ACU will receive several 
successive commands to move four increments; as the 
scan centers more nearly approach their correct position, 
the accumulator ACU will receive several successive com 
mands to move two increments; and finally, as the scan 
centers closely approach their proper position, the ac 
cumulator ACU will receive successive commands to 
move only one increment. As indicated above, the size 
of the increments by which the scan centers are moved 
may advantageously be adjusted to be as fine or as coarse 
as required and any number of increments may be uti 
lized. When the scan centers of the electron beam of 
flying spot scanner FSS are properly positioned on the 
guide lines, no command function signals are given ac 
cumulator ACU and accordingly the current in the ver 
tical registry coil 936 of flying spot scanner FSS is not 
changed. When it is determined that the scan centers 
are not properly located, however, the appropriate sig 
nals as described above will cause the current in the Ver 
tical registry coil 936 to be changed to move the Scan 
centers to the required position. 
A focus and centering coil 950 is also provided on fly 

ing spot scanner FSS as shown in FIG. 9 and is utilized in 
the manner known in the art in conjunction with lens Sys 
tem. SL shown in FIG. 4 to focus the light spot of flying 
spot scanner FSS on the form or paper upon which the 
characters to be recognized are written. Coil 950 is also 
advantageously utilized in the manner known in the art 
to control the rough centering of the electron beam of 
flying spot scanner FSS in the center of the face of the 
cathode ray tube. 

CONCLUSION 

What has been described hereinbefore is a specific illus 
trative embodiment of the principles of the present inven 
tion. It is to be understood that numerous other arrange 
ments of physical parts and different component parts may 
be utilized with equal advantage. For example, it is 
readily appreciated that the electron beam of flying 
spot scanner FSS may be electrostatically controlled rather 
than magnetically controlled as described above. It is 
also possible to obtain the deflection voltage for generat 
ing the radial scans of the flying spot scanner from a re 
sistor network instead of a sine wave generator as de 
scribed above and is known in the art. Furthermore, it is 
to be understood that the number of radial scans made 
from each of the two scan centers may be advantageously 
adjusted to meet a specific character recognition problem 
or to meet a required speed of recognition. Thus the 
clock pulse frequency of clock pulse source 600 and the 
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number of stages in binary counter BC1 shown in FIG. 6 
may be selected to meet specific requirements. It is also 
to be understood that the amount of integration provided 
by binary counters BC2 and BC3a through. BC3h may ad 
vantageously be adjusted to meet specific requirements. 
Furthermore, the feed rate at which carriage CR shown in 
FIG. 4 moves the characters to be recognized through the 
Scanner pattern may advantageously be adjusted to meet 
specific character recognition speeds. 

It is to be further understood that the number of cri 
terion areas per scan cycle both in the top scan and the 
bottom scan may be increased or decreased to meet specific 
requirements and, by utilizing additional criterion areas in 
the scan cycle, the system disclosed herein may be readily 
extended to read alphabetical letters as well as Arabic 
numerals. This, of course, will require an increase in the 
logic provided to recognize the traversals of criterion 
areas. It will also be appreciated that phototransistors 
may be utilized to detect the light reflections of the light 
spot of flying spot scanner FSS from the field of the char 
acters in place of the photomultipliers as described above. 

Accordingly, it is to be understood that the abovede 
scribed arrangements are illustrative of the application of 
the principles of the present invention. Numerous other 
arrangements may be devised by those skilled in the art 
without departing from the spirit and scope of the inven 
tion. 
What is claimed is: 
1. In a character recognition system the combination 

comprising scanning means for scanning a field which in 
cludes a character to be recognized, means providing 
relative movement of said field with respect to said scan 
ning means, means for controlling said scanning means to 
scan repeatedly said field in a bipolar radial scan pattern 
as said field moves with respect thereto, said pattern com 
prising a plurality of radial criterion scan areas extending 
from two centers, sensing means operative to provide an 
output signal when a portion of said character is sensed 
in any of said criterion scan areas, and means responsive 
to the output signals from said sensing means to provide a 
manifestation indicative of the identity of the character 
scanned. 

2. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a character to be recognized, first means controlling 
said scanning means to make a succession of radial scans 
from a first predetermined point on said field, and second 
means controlling said scanning means to make a succes 
sion of radial scans from a second predetermined point on 
said field. 

3. The combination defined in claim 2 in combination 
with means controlling said first and said second means 
for alternately repeating said succession of radial scans 
from said first point and said second point, respectively. 

4. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a character to be recognized, means controlling 
said scanning means to make a plurality of radial scans 
from a first center, means controlling said scanning means 
to make a plurality of radial scans from a second cen 
ter, each of said radial scans from said first center and 
said second center being angularly displaced from the 
preceding one of said radial scans by a predetermined 
number of degrees, and means including said radial scans 
for defining a predetermined plurality of radial criterion 
scan areas extending from said two centers. 

5. The combination defined in claim 4 wherein said 
last named means comprises pick-up means providing an 
output signal when said scanning means traverses a por 
tion of said character, gate means connected to said pick 
up means, and means for actuating said gate means dur 
ing predetermined adjacent ones of said radial scans from 
said first and said second centers. 

6. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
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cludes a plurality of guide lines and a character to be 
recognized, means controlling said scanning means to 
make successively a plurality of radial scans from a com 
mon center on a first of said guide lines, means controlling 
Said scanning means to make successively a plurality of 
radial scans from a common center on a second of said 
guide lines, means controlling said two last named means 
for alternately repeating the plurality of radial scans from 
said first and said second guide lines, respectively, each of 
said radial scans from said first and said second guide 
lines being angularly displaced from the preceding one of 
said radial scans by a predetermined number of degrees, 
pick-up means providing an output signal when said scan 
ning means traverses a portion of said character, gate 
means connected to said pick-up means, and means for 
actuating said gate means during predetermined adjacent 
ones of said radial scans from said first and said second 
guide lines. 

7. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a character to be recognized, first control means 
operative to control said scanning means to define suc 
cessively from a first common center a predetermined 
plurality of radial criterion scan areas, second control 
means operative to control said scanning means to define 
Successively from a second common center a predeter 
mined plurality of radial criterion scan areas, means in 
dividual to each of said criterion scan areas from said first 
and said second centers operative to provide a signal 
when a portion of said character is sensed in the one of 
said criterion scan areas individual thereto, and means 
responsive to the output signals from said last named 
means to provide a manifestation indicating the identity 
of the character scanned. 

8. The combination defined in claim 7 in combination 
with means providing relative movement of said field 
With respect to said scanning means, and means for al 
ternately operating said first control means and said sec 
ond control means to define repeatedly the successive ra 
dial criterion scan areas from said first and said second 
centers, respectively. 

9. The combination defined in claim 8 in combination 
with means controlling said scanning means to maintain 
said first center and said second center on predetermined 
guide lines in said character field as said field moves with 
respect to said scanner. 

10. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a character to be recognized, control means con 
trolling said scanning means to define a criterion scan 
area on said field, said criterion scan area being defined 
by a predetermined number of successive scans of said 
Scanning means each separated from the other a prede 
termined distance, pick-up means providing a signal pulse 
when any of said scans traverses a mark on said field, 
means for counting said signal pulses, and means pro 
viding an output signal when a predetermined number of 
said pulses are counted by said counting means. 

11. The combination defined in claim 10 in combina 
tion with means controlled by said control means and 
operative in response to the last scan of said successive 
scans defining said criterion scan area for resetting said 
counting means. 

12. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a character to be recognized, control means con 
trolling said scanning means to define a radial criterion 
scan area on said field, said criterion scan area being de 
fined by a predetermined plurality of successive radial 
scans of said scanning means from a common center 
each displaced from the preceding scan a predetermined 
angle, pick-up means operative on each of said radial 
scans to provide a signal pulse in response to the traver 
sal by said Scanning means of a mark on said field, means 
for counting the number of said signal pulses from said 
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pick-up means for the radial scans defining said criterion 
area, means operative when a predetermined count is 
made by said counting means to provide an output sig 
nal, and means controlled by said control means and op 
erative in response to the last radial scan of said succes 
sive radial scans defining said radial criterion scan area 
for resetting said counting means. 

13. In a character recognition system the combination 
comprising scanning means for scanning a field which 
includes a character to be recognized, means providing 
relative movement of said field with respect to said scan 
ning means, means controiling said scanning means to 
Scan said field in a predetermined criterion scan area, 
means controlling said last named means to repeatedly 
Scan said criterion scan area as said field moves with re 
spect to said Scanning means, pick-up means for produc 
ing a signal pulse when said scanning means senses a 
mark on said field, and means controlled by said pick 
up means for providing an output signal when a mark 
on said field is sensed in each of a predetermined number 
of successive scans of said criterion area. 

14. The combination defined in claim 13 wherein said 
last named means comprises pulse counting means, means 
applying the signal pulses from said pick-up means to 
said counting means, and means controlled by said pick 
up means and operative when a mark on said field is not 
sensed during any one of said successive scans of said 
criterion area for resetting said counting means. 

15. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a character to be recognized, means providing 
relative movement of said field with respect to said scan 
ning means, control means controlling said scanning 
means to define repeatedly a criterion scan area on said 
field as said field moves with respect to said scanning 
means, each repetition of said criterion scan area being 
defined by a predetermined number of successive adja 
cent scans of said scanning means, pick-up means opera 
ble when any of said scans of said scanning means 
traverses a mark on said field, means controlled by said 
pick-up means and operable to provide a first signal when 
a predetermined number of said scans defining any repe 
tition of said criterion scan area traverse a mark on said 
field, and means connected to said last named means and 
operative when said first signal is received therefrom for 
a predetermined number of successive repetitions of said 
Criterion scan area to provide a second signal. 

16. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a character to be recognized, means controlling 
said scanning means to define successively from a com 
mon center a predetermined plurality of radial criterion 
Scan areas, means individual to each of said radial cri 
terion scan areas and operative to provide a signal when 
a portion of said character is sensed therein, detecting 
means controlled by said last named means and operative 
in response to the sensing of a closed configuration of 
said character, means controlled by said detecting means 
when operated for determining the number of corners 
in said closed configuration, and means including said 
last named means providing a manifestation indicative of 
the identity of the character scanned. 

17. In a character recognition system the combination 
comprising scanning means for scanning a field which 
includes a character to be recognized, first means con 
trolling said scanning means to define successively from 
a first common center a first predetermined plurality of 
radial criterion scan areas, second means controlling said 
scanning means to define successively from a second 
common center a second predetermined plurality of radial 
criterion scan areas, pick-up means operative to provide 
a signal when a portion of said character is sensed in 
any of said radial criterion Scan areas, detecting means 
controlled by said pick-up means and operative in re 
sponse to the Sensing of a closed configuration of said 
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character surrounding at least one of said first and said 
second centers, means controlled by said detecting means 
and operative to provide an output signal when said 
closed configuration contains a predetermined number 
of corners, and means responsive to said output signal 
and to the signals from said pick-up means to provide 
a manifestation indicating the identity of the character 
scanned. 

18. The combination defined in claim 17 wherein said 
detecting means comprises gate means responsive to a 
signal from said pick-up means in each of said pre 
determined plurality of radial criterion scan areas in 
at least one of two said pluralities of said radial criterion 
Scan areas for providing a signal manifestation indicat 
ing the sensing of a closed configuration of said character. 

19. The combination defined in claim 18 wherein said 
means controlled by said detecting means comprises 
means controlled by said signal manifestation from said 
gate means for producing a signal having a cusp for 
each corner contained in said closed configuration, and 
means controlled by said signal and responsive to a pre 
determined number of cusps therein for providing an out 
put signal. 

20. In a character recognition system the combination 
comprising scanning means for scanning a field which 
includes a character to be recognized, control means for 
controlling said scanning means to make repeatedly a 
plurality of successive radial scans from a common point 
on said field, each of said scans being angularly dis 
placed from the preceding one of said scans by a pre 
determined number of degrees, means controlled by said 
control means for successively defining a predetermined 
plurality of radial criterion scan areas extending from 
said common point on said field, pick-up means provid 
ing a signal pulse when a mark on said field is traversed 
by any of said radial scans, detecting means controlled 
by said pick-up means for detecting the presence of a 
portion of said character in any of said radial criterion 
scan areas, means controlled by said detecting means 
and operative when a portion of said character is detected 
in all of said radial criterion scan areas to provide a 
signal manifestation indicating the detection of a closed 
configuration of said character, means responsive to said 
signal manifestation and controlled by said control means 
and said pick-up means for producing a succession of 
voltage pulses, each of said pulses produced in response 
to a different one of said radial scans, the amplitude of 
each of said pulses being proportional to the radial dis 
tance from said point on said field to the portion of said 
closed configuration traversed by the one of said radial 
scans producing it, means responsive to said succession 
of voltage pulses for providing a signal manifestation 
indicating the identity of the closed configuration. 

21. In a character recognition system the combination 
comprising scanning means for scanning a field which 
includes a character to be recognized, control means for 
controlling said scanning means to make a first plurality 
of successive radial scans from a first common center 
and successively a second plurality of successive radial 
scans from a second common center, each of said scans 
being angularly displaced from the preceding one of 
said scans by a predetermined number of degrees, means 
controlled by said control means for successively defin 
ing a predetermined plurality of radial criterion scan 
areas extending from a first point on said field and a 
predetermined plurality of radial criterion scan areas 
extending from a second point on said field, pick-up 
means providing a signal pulse when a mark on said 
field is traversed by any of said radial scans, detecting 
means controlled by said pick-up means for detecting 
the presence of a portion of said character in any of 
said radial criterion scan areas, means controlled by said 
detecting means and operative when a portion of said 
character is detected in all of the successively defined 
radial criterion scan areas extending from at least one 
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of said two points on said field to provide a signal 
manifestation indicating the detection of a closed con 
figuration of said character, means responsive to said 
signal manifestation and controlled by said control means 
and said pick-up means for producing a succession of 
voltage pulses, each of said pulses produced in response 
to a different one of said radial scans made by said scan 
ning means from said one of said two points on said 
field, the amplitude of each of said voltage pulses being 
proportional to the radial distance from said one of said 
two points on said field to the portion of said closed 
configuration traversed by the one of said radial scans 
producing it, means responsive to said succession of volt 
age pulses for determining the number of corners in said 
closed configuration, and means controlled by said last 
named means and said detecting means to provide a 
signal manifestation indicating the identity of the char 
acter Scanned. 

22. In a character recognition system the combination 
comprising scanning means for scanning a field which 
includes a plurality of guide lines and a character to 
be recognized, means providing relative movement of 
said field with respect to said scanning means, means 
controlling said scanning means to scan said field repeat 
edly as said field moves with respect to said scanning 
means in a bipolar radial scan pattern comprising a 
plurality of radial criterion scan areas extending from 
two centers on said field, means controlling said scanning 
means to maintain the position of said scan pattern on 
said field so that the two centers thereof are located on 
a predetermined two of said guide lines as said field 
moves with respect to said scanning means, sensing means 
operative to provide a signal pulse when a portion of 
said character is sensed in any of said radial criterion 
scan areas, a plurality of output means controlled by said 
sensing means, each individual to a particular one of 
said criterion scan areas, each of said output means 
operative to provide an output signal when a portion 
of said character is sensed in the criterion scan area 
individual thereto for a predetermined number of suc 
cessive repetitions of said scan pattern, and means respon 
sive to said output signal from said plurality of output 
means to provide a manifestation indicative of the iden 
tity of the character scanned. 

23. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a plurality of guide lines and a character to be rec 
ognized, means for controlling said scanning means to Scan 
repeatedly said field in a bipolar radial scan pattern com 
prising a plurality of radial criterion scan areas extending 
from two centers, and control means controlling said scan 
ning means to position said scan pattern on said field so 
that the two centers thereof are located on a predetermined 
two of said guide lines. 

24. The combination defined in claim 23 in combina 
tion with means moving said field with respect to said 
scanning means, and means controlling said control means 
to maintain said two centers of said scan pattern on 
said predetermined two of said guide lines as said field 
moves with respect to said scanning means. 

25. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a plurality of guide lines and a character to be 
recognized, means controlling said scanning means to 
make a succession of radial scans from a common center 
each angularly displaced from the preceding one by a 
predetermined number of degrees, means controlling said 
last named means and said scanning means for alternately 
repeating said succession of radial scans from a first 
center and a second center, respectively, pick-up means 
operative to produce a signal pulse in response to the 
traversal of each of said guide lines on said field by any 
of said radial scans, determining means controlled by 
said pick-up means for determining the relative position 
of said two centers of said radial scans with respect to a 
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predetermined two of said guide lines, position control 
means responsive to said determining means for con 
trolling said scanning means to position said two centers 
of said radial scans on said predetermined two of said 
guide lines. 

26. The combination defined in claim 25 wherein said 
determining means comprises first counting means, first 
gate means connected to said pick-up means and operative 
to gate the signal pulses to said first counting means pro 
duced by said pick-up means in response to the traversal 
of said plurality of guide lines on said field for a predeter 
mined one of said radial scans from said first center, 
Second counting means, second gate means connected to 
said pick-up means and operative to gate the signal pulses 
to said second counting means produced by said pick-up 
means in response to the traversal of said plurality of 
guide lines on said field for a predetermined one of said 
radial scans from said second center, translating means 
connected to said first counting means and said second 
counting means and responsive to the respective counts 
therein for indicating the relative position of said two 
centers of said radial scans with respect to said predeter 
mined two of said guide lines. 

27. The combination defined in claim 26 in combina 
tion with means controlled by said translating means for 
producing a first signal indicating the direction of move 
ment of said two centers of said radial scans, and means 
controlled by said translating means for producing a 
second signal indicating a degree of movement of said 
two centers of said radial scans. 

28. The combination defined in claim 27 wherein said 
position control means comprises means controlling said 
Scanning means to position said two centers of said radial 
scans in a predetermined number of finite incremental 
steps from a first location on one side of said predeter 
mined two of said guide lines to a second location on 
the opposite side of said predetermined two of said guide 
lines, and means responsive to said first signal and said 
Second signal for controlling said last named means to 
move said two centers of said radial scans in the direction 
indicated by said first signal and a number of said incre 
mental steps indicated by said second signal. 

29. In a character recognition system the combination 
comprising scanning means for scanning a field which in 
cludes a plurality of guide lines and a character to be 
recognized, means for moving said field with respect to 
said scanning means, means for controlling said scanning 
means to Scan repeatedly said field in a bipolar radial scan 
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pattern as said field moves with respect to said scanning 
means, said bipolar radial scan pattern comprising a plu 
rality of radial criterion scan areas extending from two 
centers, position control means controlling said scanning 
means to position said two centers of said bipolar radial 
scan pattern at a selected one of a predetermined plu 
rality of positions extending from a first location on one 
side of a predetermined two of said guide lines to a second 
location on the opposite side of said predetermined two 
of said guide lines, said plurality of positions being con 
secutively numbered from said first location to said second 
location, pick-up means operative to produce a signal 
pulse in response to the sensing of each of said plurality 
of guide lines in certain of said radial criterion scan areas, 
determining means controlled by said pick-up means for 
repeatedly determining the relative position of said two 
centers of said bipolar radial scan pattern with respect to 
said predetermined two of said guide lines as said field 
moves with respect to said scanning means, and means 
controlled by said determining means for repeatedly con 
trolling said position control means to position said two 
centers of said bipolar radial scan pattern to selected ones 
of said plurality of positions between said first location 
and said second location. 

30. The combination defined in claim 29 wherein said 
last named means comprises register means for registering 
the number of a selected one of said plurality of positions 
to which said two centers of said bipolar radial scan pat 
tern are to be positioned, means controlled by said register 
means for controlling said position control means to move 
said two centers of said bipolar radial scan pattern to the 
Selected position number registered in said register means, 
and means responsive to said determining means for 
changing the number registered in said register means. 

31. The combination defined in claim 30 in combina 
tion with second pick-up means operative to produce a 
signal in response to the sensing of a portion of said char 
acter in any of said radial criterion scan areas, and means 
responsive to the signals from said second pick-up means 
to provide a manifestation indicating the identity of the 
character scanned. 
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