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FIG. 2 PRIOR ART
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1 .
CHARACTER READER

BACKGROUND OF THE INVENTION

The present invention relates to a recognition data
extracting device for use with an optical character
reader (hereinafter abbreviated to “OCR” when appli-
cable) in which light is applied to characters printed by
a typewriter or a printer or hand-written characters and
the characters are recognized by utilizing light reflected
therefrom or for use with a magnetic ink .character
reader (hereinafter abbreviated to “MICR” when appli-
cable) in which character recognition is carried out by
reading with a magnetic head characters which are
printed in special patterns with ink containing magnetlc
material.

Magnetic ink character readers have been employed
in facilities such as banks to read data from and classify
checks, bills, and the like. An example of magnetic ink

. characters which are used with an MICR is the CMC7
character font which is employed as the standard char-
acter font in various countries in Europe. On the other
hand, the E13B character font as shown in FIG. 1 is
employed in both America and Japan.

Conventional magnetic ink character readers can be
classified into two groups. In one of the two groups, a
matrix pattern system is employed in which magnetic
heads of several tens of channels are provided to digi-
tize characters. In ‘the other groups, an analog pattern
system is employed in which a single channel magnetic
head is provided to convert characters into an analog
waveform. Examples of a magnetizing device and a
magnetic head for the analog pattern system are as
shown in FIG. 2.

However, the magnetic ink character reader of the
matrix pattern system is disadvantageous in that, as a
number of channels are employed, the circuit is intricate
in arrangement. Moreover, if characters are not cor-
rectly positioned with respect to the magnetic heads,
errors due to tracking shift, etc. can arise which reduces
the reliability of character recognition.

On the other hand, the magnetrc ink character reader
of the analog pattern system is advantageous in that
such errors due to tracking shift, etc. can be prevented.
However, it is still disadvantageous in that, as character
recognition is carried out in an analog mode, the recog-
nition circuit is necessarily intricate in arrangement and
the output signal of the magnetic head is unstable, tend-
ing to cause errors, with the result that the reliability of
character recognition is again somewhat low.

Referring to FIG. 2, a pad roller 3, made of non-mag-
netic material, is adapted to press a card 1 against a
magnetic head 2. If stray magnetic ink particles 5 mag-
netized by a magnet 4 are stuck to the pad roller 3, then
variations in magnetic flux are produced which are
detected by the magnetic head 2 when the magnetic ink
particles 5 pass the magnetic head 2 as the pad roller 3
is turned in the direction of the arrow. The detection of
the particles produces an erroneous output as a charac-
ter signal or signals. This erroneous detection is liable to
occur especially when a blank portion of the card 1
where no characters 1g, 1q, . . ., 1a (FIG. 1) are printed
passes through the magnetic head 2. This type of optical
character reader thus suffers from the same difficulties
as the magnetic ink characteristic reader.
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2

SUMMARY OF THE INVENTION

In view of the foregoing, an object of the invention is
to provide.a character recognition data extracting de-
vice which has a simple circuit arrangement and high
character recognition réliability.

The foregoing object and other objects of the inven-
tion_have been achieved by providing a recognition
data extracting device in which stray magnetic ink par-
ticles stuck to a pad roller are magnetized so that the
magnetic polarity of the magnetic ink particles on the
pad roller is opposite to the magnetic polarity of charac-
ters which are printed on a card in magnetic ink and in
order to distinguish an output signal provided in re-
sponse to the magnetic ink particles on the pad roller
from an output signal provided in response to charac-
ters provided on the card. An analog signal generated in
response to a character on a card is divided at a plurality °
of sampling points to provide a plurality of output val-
ues which are subjected to comparison wherein each
output value is compared with its preceding output
value to digitize each character.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a commonly-employed
character font for magnetlc characters used with the
invention;

FIG. 2 is a cross-sectional view of a magnetlc mk
character reader of the prior art;

FIG. 3 is a block diagram of a character reader of the
invention;

FIG. 4 is a schematic diagram of the character reader
of FIG. 3; :

FIG. 5 is a cross-sectional view showing a magnetic'
head and conveying structure of the invention;

FIGS. 6A-6I are waveform diagrams utilized in an
explanation of the invention;

FIGS. 7A and 7B show, respectively, discrimination
and character patterns utilized with the recogmtlon
circuit shown in FIGS. 3 and 4; and

FIG. 8 is a detailed block dlagram of the recognition
circuit of FIGS. 3 and 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention will be described with reference to the
accompanying drawings in detail.

In FIG. 1, reference character 1 designates a card,
and 1a, 1a, 1a, . . . and 1a E13B characters. These E13B
characters printed on the card 1 are read by a recogni-
tion data extracting device shown in FIGS. 3 and 4.

Referring to FIGS. 3 and 4, reference character 2
designates a magnetic head for detecting the magnetic
flux variations produced by magnetized E13B charac-,
ters, 4 a device for magnetizing E13B characters. The
magnetic head 2 and the magnetizing device 4 accord-
ing to the invention are shown in FIG. 5. The charac-
ters printed in magnetic ink are magnetized all with the
same polarity by the magnetizing device 4, which may
be an electromagnet or a permanent magnet, before
passing between the magnetic head 2 and a pad roller 3.
The pad roller 3 can be turned in the direction of the
arrow A by the force of the card 1 passing between the
magnetic head 2 and the pad roller 3 or it can be turned
in the same direction by a rotary shaft 3¢ which is
driven by a driving source (not shown). A magnetizing
device 6 is disposed near the cylindrical wall of the pad
roller 3 so that the magnetic ink particles 5 on the pad
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roller 3 are magnetized to have a polarity which is
opposite to that of the characters on the card.

As the card 1 is run along the magnetic head 2, the
magnetic flux variations produced by the characters 1a
. .. 1a are detected by the magnetic head 2 as a result of
which the magnetic head 2 outputs analog signals.

The case where the magnetic head 2 reads the pattern
of an E13B character corresponding to a digit “1” will
be described by way of example. FIG. 6A shows the
pattern of an E13B character corresponding to the digit
“1”. When the magnetic head 2 reads the pattern of the
E13B character, the magnetic head 2 outputs an analog
signal as shown in FIG. 6B. On the other hand, the
output of the magnetic head 2 which is produced in
response to magnetic flux variations due to magnetic ink
particles stuck to the pad roller 3 in FIG. 5 is as shown
in FIG. 6H. That is, the output is a signal which rises
from a side opposite to the side from which the output
shown in FIG. 6B rises.

The analog signal shown in FIG. 6B is applied to an
integrator circuit 14 and a monostable multivibrator 15.
The integrator circuit 14, as shown in FIG. 4, is made
up of an operational amplifier 14a, a feedback resistor
145 and a feedback capacitor 14¢. The integrator circuit
14 integrates the analog signals shown in FIGS. 6B and
6H to output analog signals which are shown in FIGS.
6C and 6], respectively. The analog signals thus output-
ted are applied to an offset circuit 16 and a sample-and-
hold circuit 17. As is apparent from FIGS. 6C and 6I,
the integrator circuit output produced when the charac-
ter is read is clearly different in polarity from that pro-
duced when the magnetic ink particles 5 are read. Thus,
these two outputs can be clearly distinguished from
each other. Accordingly, in the case where output sig-
nals as shown in FIGS. 6C and 61 are provided, errone-
ous detections due to the presence of stray magnetic ink
particles 5 can be prevented by inhibiting the use of the
negative polarity output signal as the character signal.

The offset circuit 16 and the sample-and-hold circuit
17 will be described below.

When the analog signal shown in FIG. 6B is applied
to the monostable multivibrator 15, the multivibrator 15
outputs a pulse having a predetermined pulse width of
time t as shown in FIG. 6D. The pulse thus outputted is
applied to a clock pulse generator 18 which in turn
outputs clock pulses as shown in FIG. 6E during the
pulse time t. The clock pulses are applied to a sampling
pulse generator 19.

The sampling pulse generator 19 provides a sampling
pulse whenever the clock pulse shown in FIG. 6E falls.
The sampling pulses thus provided are as shown in FIG.
6F. The sampling pulses are supplied to the sample-and-
hold circuit 17.

The sample-and-hold circuit 17, as shown in FIG. 4,
includes a switch S and a capacitor C. The switch Sy is
closed momentarily upon receipt of each sampling
pulse. Accordingly, in the sample-and-hold circuit 17,
the voltages of the analog signal indicated at points A
through Agin FIG. 6C are held by the capacitor C.

The output of the sample-and-hold circuit 17 is con-
nected to the negative input terminal of a first compara-
tor 20 and to the positive input terminal of a second
comparator 21. The positive input terminal of the com-
parator 20 is connected to the upper correction output
of the offset circuit 16 and the negative input terminal of
the comparator 20 is connected to the lower correction
output of the offset circuit 16.
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The offset circuit 16 is constructed such that, when
the potential variation of the analog signal shown in
FIG. 6C is small, the potential variation is disregarded,
that is, the potential variation is not regarded as an
actual signal representative of characters.

With the voltage of a DC source Vcc applied across
the offset circuit 16, the offset circuit 16 divides the
potential of the analog signal shown in FIG. 6C into a
high potential and a low potential. The high potential is
applied to the positive input terminal of the comparator
20 at all times because the terminal is connected to the
upper correction output 164 of the offset circuit 16 and
the low potential is applied to the negative input termi-
nal of the comparator 20 at all times because the termi-
nal is connected to the lower correction output 165.

When the potential at the positive input terminal of
the comparator 20 is lower than that at the negative
input terminal, an output signal corresponding to a
binary digit “1” is applied to a D-type flip-flop circuit
22. When the potential at the negative input terminal of
the comparator 21 is higher than that at the positive
input terminal, an output signal corresponding to a

“binary digit “1” is applied to a D-type flip-flop circuit

23.

Potentials corresponding to the sampling points A}
through Ag are applied to the positive input terminal of
the comparator 20 while potentials one sampling point
before the aforementioned potentials extracted at the
sampling points A through Ag, namely sampled-and-
held potentials, are applied to the negative input termi-
nal of the comparator 20. Accordingly, adjacent ones of
the outputs corresponding to the sampling points A
through Ag are continuously subjected to comparison
by the comparator 20. The operation of the comparator
21 is similar to the above-described operation of the
comparator 20.

As the comparator 20 is so designed that it outputs a
signal corresponding to a binary digit *“1”” when a poten-
tial subjected to upper correction is lower than a sam-
pled-and-held potential, the comparator 20 detects-
whether or not the-analog signal shown in FIG. 6C is
decreasing. On the other hand, because the comparator
21 outputs a signal corresponding to a binary digit *“1”
when a potential subjected to lower correction is larger
than a sampled-and-held potential, the comparator 21
detects whether or not the analog signal shown in FIG.
6C is increasing.

The D-type flip-flop circuits 22 and 23 provide out-
put signals corresponding to their input signals when-
ever triggered by the sampling pulse. The output signals
thus provided are applied to a recognition circuit 24.
Thus, the output signals of the comparators 20 and 21
are applied as binary digits “0” or ““1” to the recognition
circuit 24 through the D-type flip-flops 22 and 23. The
arrangement of the recognition circuit 24 is shown in
FIG. 8 in detail.

When the recognition circuit 24 reads the pattern of
an E13B character as shown in FIG. 6A, recognition
data as shown in FIG. 6G is applied to the recognition
circuit 24, with the upper line of data in FIG. 6G corre-
sponding to the output of flip-flop 23 and the lower line
of data corresponding to the output of flip-flop 22. In
the recognition data, at the first sampling point Aj, no
data is provided for both the increment and decrement
directions because no output to be compared is pro-
vided at the first sampling point Aj. Discrimination
patterns for characters to be recognized, for discrimi-
nating “effective” (FIG. 7A) and “ineffective” (FIG.
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. 7B) character patterns, are stored 'in the recognition
circuit 24. When the pattern of a character is digitized,
“ the characteér includes portions in which it is not known

By combmmg recognmon data provided by the rec--
" ognition- data extracting ‘device: with a discrimination -
.. pattern, a digit correspondmg to the character configu
* ration which has been read by the magnetic’ ‘head.2 can

" be identified.” For instance, it is’ assumed that . recogm-ff 0.

s

" tion data as shown in FIG. 6G is present. In this'case,.

. the recognition-data is. combined with the discrimina- .
tion pattern so:that the recognition data and the data of
" the discrimination pattern are subjected to AND opera- .-
“tions. As a result, data as shown in FIG. 7Bis' produced :
‘When the resultant - data comc1des ‘with a character.
pattern correspondmg to the digit “1”, it'is recognized .
that a digit “1” has been read. Other’ characters can be
read in the same manner. - - ,

The mventlon ‘hasbeen descnbed w1th reference to 20
the case where the E13B font characters are read, al-
though it should be noted that the-CMC7 font charac- : -
ters also can be read merely by changmg the number of
sampling points.

-Furthermore; while the mventlon has been descrlbed

_ with reference to a character recognition data extract-.
ing device which is used in a magnetic ink character
reader, the recognition data extracting device of the
invention is applicable to an optical character reader by
using an optical head instead of a magnetic head. In this
case, analog signals outputted by the optical head are
already integrated analog signals and accordingly it is
unnecessary to provide an integrator circuit.

As is apparent from the above description, accordmg
to the invention, a magnetizing device is. provided
which magnetizes the magnetic ink particles on the pad
roller so as to have an opposite polarity to that ‘of the
magnetized characters in order to prevent erroneous
detection. Furthermore, according to: the invention,
characters are read as analog signals distinguished in
polarity. These analog signals are converted into digital
signals to recognize the characters. Therefore, the char-
acter reader provided according to the invention has a
considerably high character recognition reliability.

In addition, the character reader according to the
invention is so designed that a character is vertically
divided into segments from which signals are provided
in an analog mode. Therefore, the character reader has
an advantage that detection errors attributed to tracking
shift are eliminated.

Moreover, according to the mventlon, the recogni-
tion data is obtained with the data in the increment
direction being distinguished from that in the decrement
direction which further improves the reliability of char-

acter recognition
What is claimed is:
1. A character reader for reading a character pattern
printed on a supporting means, said reader including
reading means for generating an output signal in re-
sponse to said character pattern and means for trans-
porting said supporting means past said reading means,
said character reader further comprising:
integrating means for receiving and integrating said
" output signal to provide an integrated signal;

sampling means for sampling said integrated signal at a
plurality of successive sampling times separated by
sampling intervals to produce a plurality of signal
samples;
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6

.means for deriving a comparison signal from said inte-

.grated signal during each sampling interval,

' comparison means for:.comparing said comparison sig-
“whether the bits are 0" or *“1”; In order to.recognize. . -
such portions, the discrimination patterns are prov1ded =5

-nal derived-from said integrated signal during each
“sampling interval ‘with one of said signal samples
~taken ata sa.mplmg tlme prlor to. sald each sampling
interval; and
ecogmtlon ‘means. for recogmzmg said character pat-
“tern in accordance w1th the output of said compari-
- SOt means: ;
‘2. The character reader as clalmed in claim 1,
-wheréin said means for deriving a comparison 51gna1

_comprises offset circuit means for providing a first sig-
_nal higher than said integrated signal and a second sig-
15
~.son means comprises a first comparator for comparing

nal lower than said integrated signal, and said compari-

said first signal to said-one signal sample and a second
comparator for simultaneously comparing said second
signal to said one signal sample, the outputs of said first
and second- comparators compnsmg the output of said-

: comparlson means.

.°3;- The :character - reader -.as clalmed in claim 1,

.' wherem each sampling interval commences with a start

sample time and. terminates with an.end sample time,
and said comparison means compares said comparison

“signal derived from said integrated signal during each

sampling interval with the signal sample taken at the

start sample time corresponding to the interval during

which the compared comparison signal was derived.
4. ‘A character reader for reading characters printed

in magnetic ink on a support said character reader

further comprising;:

means for magnetizing said characters;

a magnetic head for detecting variations in magnetic
flux produced by said characters;

means for transporting sa1d support past saxd magnetnc
head;

means for integrating an output signal from said mag-
netic head to produce an analog signal;

means for sampling said analog signal at-a plurality of
successive sampling times separated by sampling in-
tervals to produce a plurality of successive output
values;

means for deriving a comparison s1gnal from said analog
signal during each sampling interval;

- comparison means for comparing said comparison sig-

nal derived from said output signal during each sam-

pling interval with one of said signal samples taken at

a sampling time prior to said sampling interval; and
recognition means for recognizing said character pat-

tern in accordance with the output of said compari-

. son means.

5. The character as claimed in claim 4 in which said
conveying means comprises:

a non-magnetic pad roller confronting said magnetic
head; and wherein said magnetizing- means comprises:

first magnetizing means for magnetizing said characters
printed on said support; and

second magnetizing means for magnetizing magnetic

particles stuck to said non-magnetic pad roller with a

polarity opposite to the polarity of magnetized char-

acters.

6. The character reader as claimed in claim § in which
said second magnetizing means comprises a magnet
disposed in confrontation with said pad roller.

7. The character reader as claimed in claim § wherein
said sampling means. comprises a sample-and-hold cir-
cuit arid means for generating sampling pulses coupled
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7,
to operate said sample-and-hold circuit at a rate corre-
sponding to a predetermined number of divisions of
each of said characters into linear parts.
8. The character reader as claimed in claim 5 further
comprising recognition circuit means operating in re-
sponse to an output of said comparing means.
9. The character reader as claimed in claim 5 wherein
said comparing means comprises first and second com-
parators and further comprising means for producing
said signal produced in response to said analog signal
comprising means for varying the level of said analog
signal upward and downward.
10. A character reader comprising:
means for magnetlzmg characters which are printed on
a support in magnetic ink;
a'magnetic head for detecting varlauons in magnetic
flux produced by said characters;
means for : transportmg sald support past said magnetlc
head;

first magnetizing means for magnetizing said characters
printed on said support,

second magnetizing means for magnetizing magnetic
-particles on a portion of said transporting means con-
fronting-said support with a-polarity opposite to the
-polarity of said magnetized characters; and i

means coupled to an output of said magnetic head for
producing - digital- output signals representative -of

“characters read fromsaid support free of variations

caused by the presence of said magnetic particles.

11. "The ‘character reader as claimed in claim 10.

wherein said-output signal producing means comprises

integrating means and means for comparing an-output

of said integrating means with a value of said output of

said integrating means at a predetermmed earlier time.
12. A character reader comprising;: g

20

25

30

35

means for magnettzmg characters whtch are prmted on

a support in magnetic ink;

a magnetic head for detectmg variations 1n magnetlc .

flux produced by said characters;
means for: transportmg said ‘support past said magnetxc
head;’

40

integrating means coupled to an output of sald magnetlc :

head to produce an analog signal;

sample and-hold means having a signal input coupled to’

receive said analog signal;

monostable multivibrator means coupled to sald output
of said magnetic head,

clock pulse generator means having an input coupled to
an output of said monostable multivibrator means for
producing a pulse train when said output of said
monostable multivibrator is in a state representing the
presence of a signal on said output of said magnetic

- head corresponding to the presence at said magnetlc

head of a magnetized character;

sampling pulse generator means having an input cou-
pled to an output of said clock pulse generator means

45

for producing sampling -pulses coupled to operate -

said sample-and-hold means at a predetermined edge
transmon -of output pulses from sald clock pulse gen-
erator;

offset circuit means comprising a first resistor having a
first terminal coupled to a positive voltage source, a
first diode: having an:anode terminal coupled to a
second terminal of said first resistor, a second diode
having an-anode terminal coupled to the cathode
‘terminal of said first diode, a second resistor having a
first terminal coupled to the cathode terminal of said
second diode and a second terminal coupled to

60

65

8 .

ground, a first -potentiometer having a first end’
contact coupled to said second terminal of said first

resistor and a second end contact coupled to said’
cathode terminal of said first diode, a second-potenti--
ometer having-a first ‘end contact coupled to said

second end contact of said first potentiometer and a

second end contact coupled to said cathode terminal

of said second diode, said analog signal being coupled

to said cathode terminal ‘of said first diode;

first and second comparator means, said first compara-

- tor means having a positive input coupled to a wiper
contact of said potentiometer and a negative input -
coupled to-an output of said sample-and-hold means
and said second comparator means having a negative
input coupled to a wiper contact of said second po-
tentiometer and a positive input coupled to said out-
put of said sample-and-hold means;

first and second flip-flop means, said first flip-flop
means having a data input coupled to an output of
said comparator means and said second -flip-flop
means having a‘data input control to an output of said’
second comparator means and ‘said first and second’
flip-flop méans having clock inputs coupled to said:
output of said sampling pulse generator means; and

character recognition circuit means for producing sig-
nals indicative of recognized characters, said charac-
ter recognition circuit means operatinig in-response to
outputs of said flip-flop means. -
13. A character reader comprising:

optical reading head means for producing:an output
analog 51gnal in response ‘to- character patterns: .
printed on supporting ‘means;

‘means for transporting said support past said opt1cal

reading head means;

sample-and -hold means having a signal input coupled to
-receive said analog signal;

monostable multivibrator means having a signal mput
coupled to receive said analog signal; ‘ :

clock pulse generator means having an input coupled t0'
an output of said monostable multivibrator means for:
producing a pulse train when said output of said:
monostable multivibrator is in a state representing the
presence of an output analog signal from, said optical .
reading head means corresponding to the presen‘ce at
said head means of a-character pattern; ‘

sampling pulse generator means having an uiput cou-
pled to an output of said clock pulse generator means
for producing sampling pulses coupled to operate
said sample-and-hold means at a predetermined edge
transition of output pulses from said clock pulse gen-
erator;

offset circuit means comprising a first resistor having a
first terminal coupled to a positive voltage source, a:
first diode having an anode terminal-coupled to a
second terminal of said first resistor, a second diode
having an anode terminal coupled to the cathode
‘terminal of said first diode, a second resistor having a
first terminal coupled to the cathode terminal of said
second - diode and a second- terminal - coupled to
ground, a first potentiometer having a first end
contact coupled to said second. terminal of said first
resistor and a second end contact coupled to said

- cathode terminal of said first diode, a second potenti-

ometer having a first end contact coupled to said
second end contact of said first potentiometer:and a
second end contact coupled to said cathode terminal
of said second diode, said analog signal being coupled
to said cathode terminal of said first diode;
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first and second comparator means, said first compara-
tor means having a positive input coupled to a wiper
contact of said potentiometer and a negative input
coupled to an output of said sample-and-hold means
and said second comparator means having a negative
input coupled to a wiper contact of said second po-
tentiometer and a positive input coupled to said out-
put of said sample-and-hold means;

first and second flip-flop means, said first flip-flop
means having a data input coupled to an output of
said comparator means and said second flip-flop
means having a data input coupled to an output of
said second comparator means and said first and sec-
ond flip-flop means having clock inputs coupled to
said output of said sampling pulse generator means;
and

character recognition circuit means for producing sig-
nals indicative of recognized characters, said charac-
ter recognition circuit means operating in response to
outputs of said flip-flop means.
14. A character reader comprising:

first magnetizing means for magnetizing characters
which are printed on a support in magnetic ink;

a magnetic head for detecting variations in magnetic
flux produced by said characters;

conveying means, including a non-magnetic pad roller
confronting said magnetic head, for transporting said
support past said magnetic head;

second magnetizing means for magnetizing magnetic
particles stuck to said non-magnetic pad roller with a
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10
polarity opposite to the polarity of magnetized char-
acters;
means for integrating an output signal from said mag-
netic head to produce an analog signal;

means for sampling said analog signal at a plurality of
sampling points to provide a plurality of successive
output values; and

means for comparing a signal produced in response to
said analog signal with said successive output values
wherein each output value is compared with said
signal produced in response to said analog signal
substantially one sampling point after said output
value.

15. The character reader as claimed in claim 14 in
which said second magnetizing means comprises a mag-
net disposed in confrontation with said pad roller.

16. The character reader as claimed in claim 14
wherein said sampling means comprises a sample-and-
hold circuit and means for generating sampling pulses
coupled to operate said sample-and-hold circuit at a rate
corresponding to a predetermined number of divisions
of each of said characters into linear parts.

17. The character reader as claimed in claim 14 fur-
ther comprising recognition circuit means operating in
response to an output of said comparing means.

18. The character reader as claimed in claim 14
wherein said comparing means comprises first and sec-
ond comparators and further comprising means for
producing said signal produced in response to said ana-
log signal comprising means for varying the level of

said analog signal upward and downward.
* %k ¥ % *



