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The present invention relates to signal translatmg ap-
paratus and particularly to a circuit for 1mprov1ng the
signals received from a light sensitive device used in con-
junction with apparatus for scanning. graphic data.

An object of the invention is to provide an improved

_signal translating apparatus.

Another object of this invention. is. to furnish a circuit

for improving the s1gnals received from light sensitive

devices.
-Still another object of the present invention is to pro-
vide an improved circuit for increasing the. data flow

' obtainable from. apparatus which _scans graphic data

which may be degraded.

A further object of the invention is to provide a c1rcu1t‘

which is adapted to receive video signals from a photo-
multiplier which is viewing the scanning of characters
which may be degraded in certain aspects, said circuit
providing reliable information relative to the degraded
portions of said characters.

Other objects of the invention will be pomted out in
the following description and claims and illustrated in
the accompanying drawings, which disclose, by way of
examples, - the - principle of the invention and the best
mode, which has -been contemplated of applymg that
principle. -

In the drawmgs

Fig. 1 is a schematic dlagram of the circuit formmg
the present invention;

Fig. 2 shows a character whxch is degraded or weak
in certain aspects and the video signal obtained in a single
scan through the character as indicated; .

Fig. 3 shows the output waveform of the differentiating
circuit for the video signal shown in Fig. 2; :

Fig. 4 shows the derivative waveform supplied as one
input to the mixer c1rcu1t for the video signal shown
in Fig. 2;

Fig. § shows the output waveform from the mixer
circuit for the video signal illustrated in Fig. 2;

Fig. 6 shows a typical degraded character having a
weakened or light horizontal component;

Fig. 7 shows a dot pattern obtained by scanning the
character shown in Fig. 6, clipping the signals to a pre-
determined level and periodically samphng the video
signals; and

Fig. 8 shows a dot pattern similar to "Fig. 7 but one
which was produced by lmprovmg the video signals with
the present invention.

The reading or sensing of graphlc data, such as charac-
ters which are to be identified, is normally carried out
by successively scanning the character so that successive
portions thereof may be viewed by a light sensitive device
suchas a photomultlpher One such scanning device may
be. found in ‘application Serial No. 478,430 .for Data
Handling System, said application having been filed on
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December 29, 1954, by Mortimer D. Rogers. The photo-
multiplier supplies output signals which have an instan-

" taneous amplitude which is a function of the amount of
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light viewed thereby at that instant. These signals are
amplified and passed to a recognition circuit which is
capable of interpreting the signals and providing an out-
put signal indicative of the identity of the character
scanned. In the present state of the art, reading ap-
paratus of this type can perform reliably if the characters
scanned are of good quality. That is, if the character
has a very dark and full outline and is positioned on a
white background, it is quite easy for the photomulti-
plier to supply suitable signals for the recognition circuit.
In practice, however, these ideal conditions seldom exist,
Where characters are printed by means of a type bar
striking a ribbon which is slightly spaced from a record -
medium, the quality -of characters produced on the
medium varies as a function of a number of factors.
These factors include the quality of the paper and the
ribbon, the degree of impact and the size of the character
to be produced. Carbon copies of the record medium
suffer even more, the quahty of carbon paper used and

- the number of carton copies produced being new factors
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to be considered. It is not unusual for significant portions
of a character to be absent under normal visual conditions.
However, it is desirable to recognize the character, if it is
capable of identification by an_average person, without
requiring an extremely complex logical interpreting circuit
in the recognition unit. In other words, it is possible to
design recognition circnits for quality characters and even
characters which are degraded slightly, but it would be
indeed complex and uneconomical to design a recogni-
tion unit for any -type of degraded character.

The present invention has been designed to obtain
more information from the photomultiplier signals; This
is accomplished by improving the amplitude of weak
signals. Briefly, the present invention pre-clips the video-
signals to eliminate -noise signals and spurious back-
ground signals. This means that before the video signals
will be-allowed to enter the signal improvement circuit,
they must be above a predetermined amplitude. The.
video signal is then fed to a differentiating circuit which-
provides an output which is the inverted -derivative of
the input. The derivative output is rectified to eliminate
the positive portions thereof, said rectified signals being.
then inverted and clamped to a reference potential. The
video. signal is also clamped to said reference poten-
tial and fed to a mixer circuit along with the said reec-
tified derivative signal. - The mixer circuit acts as a log-
ical “or” circuit in that the output follows whichever
of the inputs is highest in amplitude at any one time.
The result is a mixed signal which has the derivative
signal superimposed on the video signal. Since the
derivative signal is comprised of relatively sharply peaked
potentials,- the mixed signal now is capable of having a
portion thereof go above some predetermined clipping
level which may be applied to the mixed signal. This
affords an output signal for weak or degraded data which
otherwise would not have been considered.

Referring now to Fig. 1 of the drawings, the output

‘received - from the photomultiplier is fed to a video am-

plifier 10.. This amplifier is of conventional design and
is arranged to have a suitable frequency response for,
the signals received. It will be understood that the
signals may be fed through an automatic contrast con-
trol circuit before being fed to the present signal im-
provement - circuit so that the amplitude of the video
signals for portions of a character of given demsity will
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be the same regardless of background. Such a contrast
control circuit is illustrated in the application previously
referred to. The output signals from the amplifier are
coupled through a capacitor £1 to the control grid of a
triode 12, the plate of said triode being connected to
a positive D.C. potential, herein illustrated as 4-150 v.
D.C. The cathode of triode 12 is connected through
a resistor 13 to ground potential. The grid of triode 12
is connected to ground through a resistor -14. A dlode
15 is arranged in parallel with resistor i4.and serves
to clamp the video signal appearing on the grid to
ground potential.

" The output from triode 12 is taken from the cathode
therof and is fed through a capacitor 16 to the control
grid of a triode 17 and to the control grid of a triode
18, the latter triode “being one-half of the mixer circuit
19. This mixer circuit will ‘be described in greater de-
tail at a later point in the description.

Potentiometer 20 has one end connected to the cath-
ode of triode -12 and the other end connected to a posi-
tive source of D.C. potential, herein illustrated as --150
v. D.C. It will be seen that potentiometer 2¢ and re-
sistor 13 form a voltage divider between the said -1-150
v. D.C. source and ground potential. This arrangement
allows a pre-clipping of the video signal. That is, tri-
ode 12 will not conduit until the input to the grid there-
of rises above a predetermined level. This serves to
eliminate noise and spurious background signals from
the video signals which are to be subsequently improved.

The plate of triode 17 is connected through resistors
21 and 22 to asuitable source of positive D.C. potential,
herein illustrated as 4250 v. D.C.,, the mid-point of
said resistors being connected to ground through a de-
coupling capacitor 23. The cathode of triode 17 is con-
nected to ground through a capacitor 24 and to the plate
of a triode 25 which acts as a constant current device.
The cathode of tricde 25 is connected through a resistor
26 to a suitable negative D.C. potential, herein illus-
trated as —250 v. D.C. A substantially constant po-
tential is maintained on the control grid of triode 25 by
means of a voltage divider comprising resistors 27 and
28 which are connected between ground and —250 v.
D.C., said control grid being connected to a point be-
tween the last-named resistors. The operation of the
circuit including triodes 17 and 25 is such that the cath-
ode of triode 17 will follow the input to the grid there-
of in potential while the plate current through triode 17
follows the derivative of the grid potential, hence caus-
ing -‘the plate -of triode 17 .to vary in potential as a
function of the derivative of the grid -potential. This
action is afforded through the use of triode 25 as a con:
stant current device. By way of explanation, it will
be seen that triode 25 acts as a cathode follower, there
being a constant voltage on the grid and cathode there-
of. This holds the current through the tricde sub-
stantially constant. With the plate of triode 25 con-
nected to the cathode side of capacitor 24, the cathode of
triode 17 can follow the negative excursions.of the grid.
Otherwise, cepacitor 24 would stay charged when the
grid of triode 17 goes in a negative direction.

The derivative signal appearing at the plate of triode
17 is coupled by means of a capacitor 29 to the control
grid of triode 39, said grid being connected to ground
through a suitable resistor 31. ‘The plate of triode 30
is connected directly to said 4250 v. D.C. source of
potential and the cathode thereof is connected through
resistors 32 and 33 to a suitable potential, herein illus-
trated as —70 v. D.C. The midpoint between the resis-
tors 32 and 33 is connected to the cathode of a vacuum
diode 34, the plate of said diode being connected through
a resistance element 35 to ground. It will be seen that
diode 34 is oriented such that only the negative portions
of the differentiated signal will get through to-the plate
of the diode. A slider 36 is arranged on resistance ele-
ment 35 such that a variable amount of the signal appear-
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-This .causes triode 18 to lose control.

, 4 '
ing on the plate of diode 34 can be picked off. That is,
the adjustment of this slider acts as a signal amplitude
control. The potential on the slider 36 is connected to
the control grid of a triode 37, the plate of said triode
teing connected through resistances 38 and 39 to said
+250 v. D.C. source of potential and the cathode of
said triode being connected through a resistor 40 to
ground potential. The de-coupling capacitor 41 couples
a point between resistors 38 and 39 to ground. Triode
37 serves to invert and amplify the signal received from
slider 38, the output from the plate thereof being cou-
pled through a capacitor 42 to the control grid of triode
43, the latter triode being the other half of mixer 19.

The video signal applied .directly to the grid of triode
17, which was picked off .and supplied to friode 18, as
well as the differentiated signal supplied to the grid of
triode 43, are clamped to ground potential by means of
suitably oriented vacuum diodes 44.and 45, respectively.
Appropriate D.C. return paths to ground for the control
grids of triodes 18 and 43 are furnished by resistors 46
and 47, respectively. It will be noted that the plates
and cathodes of triodes 18 and 43 are connected together,
the plates being connected through resistor 48 to 4-150
v. D.C. and the cathodes being connected through resis-
tor 49 to ground potential. The usual de-coupling capac-
itor 50 is inserted between said plate and ground poten-
tial.

The operation of the mixer circuit is such that the
triode whose grid receives the higher potential has con-
trol. For example, if the grid .of triode 43 begins in-
creasing in potential beyond that on the grid of triode
18, the cathode of triode 43 rises to follow its grid, thus
increasing the potential on the cathode of triode 18
Therefore, the
output potential -from the cathodes follows the grid hav-
ing the higher potential applied thereto. :

The operatiton of the circuit will now be explained in
conjunction with the waveforms shown in Figs. 2 through
5. Fig. 2 shows the numeral “9” with the lower or. tail
portion thereof weakened or degraded. It will be under-
stood that a plurality of successive vertical scans would
normally be made through the character. The waveform
shown in Fig. 2 is only for one scan through the numeral
as indicated. This signal appears at the grid of triode 12
in Fig. 1. Tt will be noted that the signal is referenced
to ground potential due to the clamping action of diode
15. The output potential at the cathode of .triode 12
follows the grid potential, except that the grid must rise
above a predetermined level before the triode will con-
duct. ‘This pre-clipping of the video signal is .accom-
plished by connecting the cathode of triode 12 to the
mid-point of a voltage divider formed by potentxometer
20 and resistor 13. This pre-clipping level is illustrated
in the waveform shown in Fig. 2. =The function of pre-
clipping is to eliminate noise signals appearing near the
ground level of the video signal. The setting of the. pre-
clipping level is made adjustable through potentiometer
20.

Because of the limited resolution of the scanning
device, the dip in the signal between the first and second
peaks, corresponding to the white area in the loop of the
scanned “9,” between the dark areas of the top and bot-
tom of the loop, does not drop as far toward the pre-
clipping level as the dip preceding the signal representing

the weak tail of the *“9.”

As previously described, triode 17 has its- cathode- cou-
pled to ground through capacitor 24. - The arrangement
is.such that.the cathode follows the grid potential but
the potential at the plate is the inverted derivative signal
shown in Fig. 3. So that the cathode can follow .the

negative excursions of the grid as well .as the positive:
excursions; a triode 25 is connected to. the cathode of
triode 17 and serves as-a constant current device. ‘When
the grid of triode-17 begins to-go in a negative direction;

-
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triode 28 discharges capacitor 24 to allow the cathode
to go in a negative direction. - -

Since the present invention has as its object the im-
provement of the video signals, it is desirable to add the
derivative signal to the video signal which is obtained
from the positive going video signals. To accomplish
this, the derivative signal is fed- through a triode 30,
which is connected as a cathode follower, to a vacuum
diode 34 which eliminates the positive portions of- the
inverted derivative signal. Triode 30 supplies a low
source impedance for proper operation of said diode.
The rectified derivative signal is now inverted by triode
37 and capacitively coupled to the mixer circuit 19, the
waveform of this signal being shown in Fig. 4. Vacuum
diode 45 serves to clamp the rectified derivative input
to ground potential.

The video signal appearing at the grid of triode 17 is
also clamped to ground potential by means of a vacuum
diode 44 and supplied as the other input to mixer 19.

As previously described, the output potential from the
mixer follows the higher one of the imput potentials.
The waveform shown in Fig. 5 illustrates the type of
output signal produced.

Referring to Fig. 2, it will be seen that if a normal
clipping level should be applied to the video signal, the
signal obtained in scanning the tail of the numeral “9”
would be lost. If the clipping level is lowered to pick
up the weak signal, the dip in the video signal produced
in going through the enclosed area of the numeral “9”
is lost. That is, the clipped output signal would appear
as though that portion of the character was solid. There-
fore, with the clipping level shown, the video signal would
be difficult to distinguish from that produced in scanning
a “0,” for example, unless the logic section of the rec-
ognition circuit was increased. However, with the in-
clusion of the derivative signal, that portion previously
lost now shows up above the clipping level and provides
usable information. While the numeral “9” has been
illustrated, it will be obvious that the signals obtained
in scanning other characters having degraded portions
may likewise be improved. The present circuit is par-
ticularly helpful where the characters have degraded
horizontal components. It should be pointed out that if
only horizontal components of characters are to be dealt
with, e.g., code marks, it is not necessary to rectify the
derivative signals, since the presently eliminated portions
of the derivative signals would serve to provide greater
distinction to the lighter areas between said horizontal
components.

By way of illustrating how the present invention im-
proves the video signals, Fig. 6 shows an enlarged view
of an actual numeral “6.” Note that the lower horizontal
component thereof is very faint. Fig. 7 shows a pattern
of dots obtained by successively scanning the numeral
shown in Fig. 6 with a plurality of vertical scans, the
video signals obtained being clipped and sampled at the
dot frequency. The sampling may be accomplished in a
manner similar to that illustrated in the previously refer-
enced application. That is, the clipped video signal is
sampled periodically to determine the presence or absence
of 2 video signal above the clipping level. Each dot in-
dicates that the video signal was above the clipping level
when it was scanning that point in the character. It will
be seen that the lower horizontal component is missing
completely.

Fig. 8 shows a dot pattern obtained in scanning the
numeral “6,” shown in Fig. 6, using the present inven-
tion to improve the video signals obtained. It is apparent
that the lower horizontal component is now in the signals
to be supplied to the recognition circuit.

From the above detailed description of the structure
and operation of the present invention it will be seen that
1 have provided an improved signal translating apparatus.

-With this apparatus it is possible to materially increase
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the amount of reliable information obtained from graphic
data scanning apparatus.. Preliminary tests which have
been conducted both with and without the present inven-
tion show that the present invention cuts down the erro-
neous identification of characters by at least a factor of
six. Tt has also been found that the present invention
affords pin-pointing of possible errors in characters so that
the logic of the recognition can be improved in these areas
to further reduce the error rate. : - -

While there have been shown and described an
pointed out the fundamental novel features of the inven-
tion as applied to a preferred embodiment, it will be un-
derstood that various omissions and substitutions and
changes in the form and details of the device illustrated
and in its operation may be made by those skilled in the
art, without departing from the spirit of the invention.
Tt is the intention, therefore, to be limited only as indi-
cated by the scope of the following claims.

What is claimed is:

1. Apparatus for improving the video signals obtained
in scanning graphic data comprising a differentiating cir-
cuit arranged to receive said video signals for supplying
derivative signals, means coupled to said differentiating
circuit for eliminating predetermined portions of said
derivative signals, and mixer means for receiving said
video signals and the remaining derivative signals for
supplying output signals which follow the instantanecusly
higher in amplitude of the signals fed to said mixer
circuit.

2. An apparatus for improving video signals produced
by scanning means which successively scans graphic char-
acters, said signals varying in amplitude as said scanning
means passes into said characters from the background
upon which said characters are located, means for differ-
entiating said video signals and producing derivative sig-
nals at times when said video signals are varying as a
result of said scanning means passing from said back-
ground into a character, and a mixing circuit connected
to receive said derivative signals and said video signals
to produce output signals which follow the instantaneously
higher input. .

3. An apparatus for improving video signals produced
by scanning means which successively scans graphic
characters, said signals varying in amplitude as said
scanning means passes into said characters from the
background upon which said characters are located,
means for differentiating said video signals and produc-
ing derivative signals at times when said video signals
are varying as a result of said scanning means passing
from said background into a character, means for con-
trolling the amplitude ratio of said derivative signals
to said video signals, and a mixing circuit connected to
receive said derivative signals and said video signals to
produce output signals which follow the instantaneously
higher input.

4. In apparatus for improving video signals produced
by scanning means which successively scans graphic
characters, means for differentiating said video signals
comprising an electron discharge device including an
anode, a cathode and at least one control electrode, said
cathode being coupled by means of a capacitor to a
reference potential and said anode being connected

‘through resistor means to a potential higher than said

reference potential, the output potential from said anode
being the inverted derivative of the video signals sup-
plied to said control electrode, means for rectifying and
inverting said derivative signals, and mixer means ar-
ranged to receive said rectified and inverted derivative
signals and said video signals for producing output sig-
nals whose amplitude follows the instantaneously higher
one of the inputs to said mixer circuit. '

5. Apparatus for improving signals obtained in scan-
ning data on a record medium comprising means for
differentiating said signals to produce derivative signals,
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a mixer circuit arranged to receive two input signals
and to supply an output signal, means for clamping
said derivative 51gnals to a predetermmed reference level
and feedmg them as one input to said mixer cucmt,
and means for clampmg sald v1deo signals to a pre-
determmed reference Tevel and feedmg them as the out-
put to ‘said mixer circuit, the output signals from said
mixer circuit bemg such that the denvatlve signals are
superimposed on said’ vxdeo s1gnals

8
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