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(54) VIDEO SIGNAL REPRODUCING APPARATUS WITH ELECTRIC BEAM
SCANNING VELOCITY MODULATION

(11) We, SoNy CORPORATION, a
Japanese Body Corporate of 7-35 Kitashin-
agawa 6-chome, Shinagawa-ku, Tokyo 141,
Japan, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement : —

This invention relates generally to video
signal reproducing apparatus, such as, tele-
vision receivers, and more particularly is
directed to providing such apparatus with
improved arrangements for effecting electron
beam scanning velocity modulation so as to
significantly enhance the sharpness of the
reproduced picture or image.

When the phosphor screen of a video sig-
nal reproducing apparatus, such as, the
screen of the cathode ray tube in a television
receiver, is scanned by an electron beam or
beams so as to form a picture or image on
the screen, the beam current varies with the
luminance or brightness level of the input
video signal. Therefore, each electron beam
forms on the phosphor screen a beam
spot whose size is larger at high brightness
levels than at low brightness levels of the
image so that sharpness of the reproduced
picture is deteriorated, particularly at the
demarcation between bright and dark por-
tions or areas of the picture. Further,
when a beam scanning the screen in the line-
scanning direction moves across the de-
marcation or edge between dark and bright
areas of the picture, for example, black
and white areas, respectively, the frequency
response of the receiver does not permit the
beam intensity to change instantly from the
Jow level characteristic of the black area
to the high level characteristic of the white
area. Therefore, the sharpness of the re-
produced image is degraded at portions of
the image where sudden changes in bright-
ness ‘occur in response to transient changes
in the luminance or brightness of the video
signal being reproduced. The increase in
the beam current and in the beam spot
size for bright portions of the reproduced
picture or image and the inadequate fre-
quency response of the television receiver

to sudden changes in the brightness or
luminance level of the incoming video sig-
nal are additive in respect to the degrada-
tion of the horizontal sharpness of the re-
produced image or picture.

It has been proposed to compensate for
the described ‘degradation of the horizontal
sharpness of the picture or image by em-
ploying the so-called ‘“‘aperture correction
or compensation technique”, for example, as
described in ‘““‘Aperture Compensation for
Television Camera”, R. C. Dennison, RCA
Review, 14,569 (1953). In accordance with
such aperture correction or compensation
technique, the intensity of the electron beam
is first decreased and then increased at those
portions of the picture image at which the
brightness changes from a low level to a
high level. Such modification or compen-
sation of the electron beam intensity can be
achieved by twice differentiating the original
video signal so as to obtain a compensa-
tion signal which is added to the original
video signal for obtaining a compensated
video signal applied to the cathode of the
cathode ray tube and having high level por-
tions with relatively more steeply inclined
rising and falling edges. However, with the
foregoing aperture compensation technique,
the peak luminance or brightness levels of
the compensated video signal are increased
and, as applied to the cathode of the cathode
ray tube, result in beam currents that are
increased relative to the maximum beam
currents resulting from the original video
signal so that the beam spot size is actu-
ally increased. By reason of the foregoing,
the aperture compensation technique or
method is insufficient for achieving really
sharp definitions between light and dark
areas of the reproduced picture or image,
particularly in the case of relatively large
screen areas, even though the described
technique creates a visual edge effect which,
to some extent, and particularly in the case
of relatively small screens, registers psy-
chologically as improved edge sharpness.

In order to avoid the above-described
disadvantage of the aperture correction or
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posed to employ the so-called “beam velo-
city modulation method or technique” in
which transient changes in the brightness
level of the video signal are detected, and
the scanning velocity of the electron beam
in the line-scanning direction is modulated
in accordance with the thus detected tran-
sient changes, for example, as described in
detail in U.S. Patents No. 2,227,630, No.
2,678,964, No. 3,752,916, No. 3,830,958
and No. 3,936,872, with the last two enu-
merated patents having a common assignee
herewith,

More particularly, in the known beam
velocity modulation technique or method,
the original video signal representing bright-
ness or luminance of a video picture and
which incorporates “dullness” at abrupt
changes in the luminance level due to the
inadequate frequency response of the tele-
vision receiver circuits to such abrupt
changes in luminance level, is applied di-
rectly to the cathode or beam producing
means of the cathode ray tube for modulat-
ing the intensity of the electron beam or
beams, and such original video signal is
also differentiated to obtain a modulation
signal which is employed for effecting a
supplemental horizontal deflection of the
beam or beams in addition to the main or
usual horizontal deflection thereof. The
modulation or compensation signal may be
supplied to the main deflection coil or yoke
or to a supplemental deflection coil which
is in addition to the main deflection coil with
the result that the overall magnetic field
acting on the beam or beams for effecting
horizontal deflection thereof is modulated
and corresponding modulation of the beam
scanning velocity in the line-scanning direc-
tion is achieved. As is well-known, the effect
of the foregoing, is to improve the sharpness
of the image or picture in the horizontal
direction. Since the original video signal
is applied directly to the cathode or beam
producing means of the cathode ray tube
without increasing the level thereof at shamp
changes in the brightness level of the video
signal, as in the aperture correction or com-
pensation technique, the beam wvelocity
modulation technique does not cause
changes in the beam spot size so that sharp-
ness of the image or picture in the horizon-
tal direction is conspicuously improved.

However, it is a characteristic or inherent
disadvantage of existing beam velocity
modulation arrangements that the improved
horizontal sharpness of the reproduced im-
age or picture is achieved at the expense of
a reduction in the width of the bright or
white areas of the reproduced image or
picture so that such bright or white areas are
slimmer or more slender than would be the
case if the depicted scene were accurately
or precisely reproduced.

In accordance with an aspect of this inven-
tion, there is provided in a video signal re-
producing apparatus comprising a source of
a video signal representing at least the bright-
ness of a video picture and in which bright
picture portions are each represented by a
video signal portion 'of high level defined
between respective rising and falling edges
extending from low level signal portions
representing relatively dark picture portions
contiguous to the bright picture portion, and
a cathode ray tube having a screen, an
electron gun including beam producing
means directing an electron beam generally
along their axis of the tube toward said
screen for impingement on the latter and
beam intensity modulating means, and
means for causing said beam to scan said
screen in line-scanning and vertical direc-
tions, respectively; the combination of wave-
shaping means for receiving said video
signal from said source for providing a cor-
responding compensated video signal which
is applied to said beam intensity modulating
means and in which the width of each of
said high level signal portions between said
respective rising and falling edges is in-
creased; beam velocity modulation control
means connected with said source of the
video signal for providing therefrom a beam
velocity modulation signal having positive
and negative peaks in correspondence to
said rising and falling edges of each of said
high level signal portions with the posi-
tions of said positive and negative peaks be-
ing shifted relative to the corresponding
peaks of a differentiation of said wvideo
signal, in the directions toward the adjacent
low level signal portions of said compen-
sated video signal; and beam deflection
means for modulating the scanning velocity
of said electron beam in said line-scanning
direction in accordance with said beam
velocity modulation signal for improving
picture reproduction.

The invention will be further described
with reference to the accompanying draw-
ings, in which:~—

Figs. 1A and 1B are diagrammatic views
representing reproduced video pictures in-
cluding bright and dark areas;

Figs. 2A—2D are waveform or graphic
views to which reference will be made in
explaining the aperture correction or com-
pensation technique of the prior art;

Figs. 3A—3E are waveform or graphic
views to which reference will be made in
explaining the beam velocity modulation
technique of the prior art and the disadvant-
age inherent therein;

Fig. 4 is a schematic block diagram of a
circuit according to an embodiment of the
present invention for effecting beam velocity
madulation in a video signal reproducing
apparatus;
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Figs. 5 and 6 are graphic views to which
reference will be made in explaining the
operation of the apparatus of Fig. 4;

Fig. 7 shows in greater detail circuit ar-
rangements that may be employed to con-
stitute some of the components of the ap-
paratus appearing on Fig. 4;

Fig. 8 is a view similar to that of Fig. 4,
but showing another embodiment of this in-
vention;

Figs. 9A—9L are waveforms to which
reference will be made in explaining the
upcelration of the apparatus shown on Fig. 8;
an

Fig. 10 is an axial sectional view of an
electron gun in a cathode ray tube which
is particularly suited for use with a beam
velocity modulation arrangement according
to this invention.

Referring to the drawings in detail, and
initially to Fig. 4 thereof, it will be seen that
the present invention is related to a tele-
vision receiver or other video signal re-
producing apparatus 10 having a cathode
ray tube 11 in which a beam producing
means including a cathode 12 directs an
electron beam B generally along the axis
of the tube envelope toward a phosphor
screen S on the faceplate of the tube. In
the apparatus 10, the intensity of electron
beam B, and hence the brightness of the
beam spot produced at the location where
the beam B impinges on screen S, is modu-
lated in accordance with a video signal ap-
plied to cathode 12 and representing at least
the brightness of a video picture to be re-
produced on screen S. The cathode ray
tube 11 is further shown to include the con-
ventional deflection means or yoke 13 by
which beam B is made to scan screen S in
the line-scanning or horizontal and vertical
directions, respectively. The simultaneous
modulation of the beam intensity by the
video signal applied to cathode 12 and the
scanning of screen S by beam B in response
to sweep signals applied to yoke 13 will
result in the reproduction of an image or
picture on screen S. The image or picture
reproduced on screen S may be constituted
by at least one white or bright picture por-
tion, for example, in the form of a rectangle
as shown at 14a on Fig. 1A, or in the form
of a vertical line as indicated at 145 on
Fig. 1B, and contiguous relatively darker
picture portions 15. In any case, it will be
understood that, in each line or horizontal
interval of the transmitted video signal St
received by a television receiver and to be
utilized in the cathode ray tube 11 of the
latter for reproducing a horizontal incre-
ment of an image or picture at a vertical
position in the latter which is included in
the bright or white area 14a or line 145,
the respective bright picture portion is re-
presented by a corresponding high level

video signal portion 16% defined between
rising and falling edges 16r and 16f, res-
pectively, (Fig. 2A). If the transmitted video
signals S; is to represent a white or bright
shape or area surrounded by a black
or very dark background with a sharp
demarcation therebetween, the rising and
falling edges 16r and 16f of the high
level signal portion 164 will be pre-
cipitous, that is, substantially vertical, as
shown, so as to represent the desired high
frequency change in luminance level. How-
ever, the usual television receiver circuit 17
(Fig. 4), for example, comprised of con-
ventional RF and TF amplifiers and a video
detector, and by which the video signal S,
to be used in the cathode ray tube is derived
from the received television signal Sy, has
a frequency response that is inadequate to
accommodate the mentioned high frequency
components of the transmitted video signal
Sr. Thus, the video signal S, (Fig. 2B)
which is available in the television receiver
for controlling the intensity of the electron
beam or beams in the cathode ray tube is
relatively “dull” that is, it has decreased
high frequency components, as represented
by the illustrated sloping rising and falling
edges 16'r and 16'f of the high level signal
portion 16*. Such relatively dull video sig-
nal S, is hereinafter referred to as the
“original video signal”, and that terminology
is reasonable when considered from the

point of view of the input side of the cathode.

ray tube. Further, the term “original video
signal” has often been used in the prior
art in the same sense that it is used herein.

The decreased in the high frequency com-
ponents of the original video signal So as
compared with the transmitted video signal
Sy causes a decrease in the horizontal sharp-
ness of the reproduced image or picture,
that is, the sloping, rising and falling edges
16'r and 16'f (Fig. 2B) result in a gradual
change from dark to bright and from bright
to dark, respectively, rather than in the sud-
den changes in brightness represented by the
transmitted signal Sy (Fig. 2A). Horizon-
tal sharpness of the reproduced image or
picture is furthermore decreased by the fact
that, in the cathode ray tube, the electron
beam current varies with the luminance or
brightness level of the video signal applied
to the cathode ray tube and, when the
luminance level is high, for example, to re-
present a bright or white area of the picture,
the beam spot size caused by impingement
of the electron beam on the phosphor screen
is enlarged to further decrease or deteriorate
the sharpness of the reproduced picture.

In seeking to compensate for the above-
described lack of sharpness of the repro-
duced picture by the known aperture cor-
rection or compensation technique, the origi-
nal video signal S, (Fig. 2B) is differentiated
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twice so as to obtain a compensation signal
Sp (Fig. 2C) which is added to the original
video signal S, for providing a compensated
video signal S; (Fig. 2D). ~As shown, the
compensated video signal S¢ has rising and
falling edges 18r and 18f which are more
steeply inclined than the corresponding rising
and falling edges 16 and 16 of the
original video signal S,. However, when
the compensated video signal S¢ is applied
to the cathode of a cathode ray tube for
controlling the intensity or beam current
of the electron beam or beams therein, the
sharpness of the reproduced picture is not
conspicuously improved. The foregoing re-
sults from the fact that, by adding the com-
pensation signal Sy to the original video
signal S, for obtaining the compensated
video signal S applied to the cathode of the
cathode ray tube, the maximum beam cur-
rent corresponding to the peak luminance
level of signal S is increased, as compared
with the maximum beam current corres-
ponding to the peak luminance level of
original video signal S,, with the result
that the beam spot size resulting from the
compensated video signal Sg is enlarged.
Such enlargement of the beam spot size
causes a decrease in sharpness of the re-
produced picture, as previously noted, and
thus substantially defeats any increase in
sharpness that might result from the re-
latively more steeply inclined rising and fall-
ing edges 187 and 18f of the compensated
video signal Sc.

In the known beam velocity modulation
technique for improving horizontal sharpness
of the reproduced image or picture, the dull
original video signal S, (Fig. 3A) is applied,
without alteration, to the cathode or beam
producing means of the cathode ray tube for
determining the intensity or beam current of
the electron beam or beams in the cathode
ray tube. The original video signal S, is
also subjected to differentiation to obtain a
compensated or differentiated signal S, (Fig.
3B). The compensation signal S, is ap-
plied to a supplemental deflection means
which is in addition to the main deflection
coils or yoke so that the horizontal defiection
field for effecting scanning movement of
each beam in the line-scanning direction is
modified or compensated, as shown on Fig.
3C. As a result of such modified or com-
pensated horizontal deflection field, the
beam scanning velocity in the line-scanning
direction, is modulated as shown on Fig.
3D. It will be appreciated that, during each

period T, on Fig. 3D, the beam scanning

velocity is increased so that a decreased
amount of light is emitted from the phosphor
dots or areas on the screen that are im-
pinged upon during each period T.. On the
other hand, during each period T, the beam
velocity is decreased so that an increased

amount of light is emitted from the phosphor
dots or areas impinged upon by the electron
beam during each period T,. Therefore,
the variation along a line, or in the hori-
zontal direction across the screen, in the
amount of emitted light, is substantially as
indicated on Fig. 3E, from which it will be
apparent that the sharpness of the repro-
duced image or picture in the horizontal
direction is improved. Since the original
video signal S, is still applied to the cath-
ode of the cathode ray tube for control-
ling the beam intensity, the beam spot size
is not changed or increased by reason of the
beam velocity modulation and, therefore, the
improvement in sharpness in the horizontal
direction is not adversely affected by in-
creasing beam spot size, as in the aperture
correction or compensation technique. How-
ever, the conventional beam velocity modu-
lation technique has the disadvantage that
the width of each white or bright portion
of the picture or image reproduced on the
screen is less than that which would result
from the original video signal S, in the
absence of the beam velocity modulation,
as is apparent from a comparison of Fig.
3E with Fig. 3A.

Generally, in order to avoid the foregoing
disadvantage of the previously known beam
velocity modulation technique, the video
signal reproducing apparatus 10 embodying
the present invention employs a waveshaping
circuit 19 receiving the original video signal
So from circuit 17 and providing a corres-
ponding compensated video signal Sp in
which the width of each high level signal
portion is increased relative to the corres-
ponding width of the original video signal.
The compensated video signal Sp from wave-
shaping circuit 19 is applied to the cathode
12 or beam reproducing means of the cath-
ode ray tube 11 for modulating the inten-
sity of the electron beam or beams therein
in accordance with the compensated video
signal Sp, while the rising and falling edges
of each high level signal portion of the video
signal So are detected in a beam velocity
modulation control circuit 20 to pro-
vide a beam velocity modulating signal
Sy with respective positive and negative
peaks by which the horizontal scanning velo-
city of the electron beam B or beams is
modulated, and with the positions of such
positive and negative peaks of signal Sy be-
ing shifted, relative to the corresponding
peaks of a mere differentiation of the video
signal, in the directions toward the adjacent
low level signal portions of the compensated
video signal.

As shown 'on Fig. 4, the waveshaping cir-
cuit 19 may include a number of signal pro-
cessing circuits 21, 22 and 23 connected in
cascade, and an adding circuit 24 by which
outputs of signal processing circuits 21, 22
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and 23 are added to the original video sig-
nal S, from circuit 17 for providing the
compensated video signal Sp. The signal
processing circuits 21, 22 and 23 include at
least respective differentiating circuits for
effecting successively higher order differen-
tiations of the original video signal. Thus,
for example, the three signal processing cir-
cuits 21, 22 and 23 included in waveshaping
circuit 19 on Fig. 4 may effect first, quad-
ratic and cubic differentiations, respec-
ively, of original video signal So. Each of
signal processing circuits 21, 22 and 23 may
further include a polarity selector for pass-
ing to adding circuit 24 only the positive
portions or peaks of the respective differen-
tiated signal corresponding to the rising and
falling edges of the original video signal S,.
A level controller also may be provided in
each of circuits 21—23 for suitably adjust-
ing the level of the positive peaks of the re-
spective differentiated signal, as applied to
adding circuit 24, so that the aggregate of
the orginal video signal S, and of the out-
puts of signal processing circuits 21—23 will
provide the compensated video signal Sp
with the desired increased width of each of
its high level signal portions,

As shown on Fig. 7, by way of example,
signal processing circuit 21 may include a
differentiating circuit 25 receiving original
video signal S, and providing a differentiated
signal S, (Fig. 9B) having positive and neg-
ative peaks corresponding to the rising and
falling edges, respectively, of a high level
portion of video signal S, (Fig. 9A). The
polarity selector of signal processing circuit
21 is shown to include a first diode 26 con-
nected in paralle] with a series circuit of a
second diode 27 and an inverter 28 so that
each positive peak of differentiated signal
S. passes through diode 26 and each neg-
ative peak of signal S., after being inverted
in inverter 28 to provide a corresponding
positive peak, passes through diode 27. As
a result of the foregoing, the output of cir-
cuit 21 is a differentiated signal S, of one
polarity (Fig. 9C), that is, having peaks only
of positive polarity corresponding to both
the rising and falling edges, respectively, of
each high level portion original video signal
So. Further, in the example of Fig. 7, sig-
nal processing circuit 22 is shown to include
a differentiating circuit 29 receiving the dif-
ferentiated signal S, from differentiating cir-
cuit 25 and providing a quadratic differen-
tiated signal S (Fig. 9G). Such quadratic dif-
ferentiated signal S is applied to a diode 30
so that only the positive peaks thereof are
passed to adding circuit 24. The addition of
the positive peaks of differentiated signals
Si and Sg to original video signal S, has
the effect of increasing the width of each
high level signal portion of compensated
video signal Sy, as previously noted. As

the number of signal processing circuits,
and hence the number of successively higher
order differentiations of the orginal video
signal So, is increased, for example, to three
signal processing circuits, as at 21—23 on
Fig. 4, or to even a larger number, the in-
crease in the width of the high level signal
portion is correspondingly enhanced.
Returning now to Fig. 4, it will be seen
that the beam velocity modulation control
circuit 20 is there shown to include a dif-
ferentiating circuit 31 also receiving the
original video signal S, from circuit 17 so
as to provide the differentiated signal S,, a
number of signal processing circuits 32 and
33 connected in cascade, and an adding cir-
cuit 34 by which the outputs of signal pro-
cessing circuits 32 and 33 are added to the
differentiated signal S, from circuit 31 for
providing the beam velocity modulating sig-
nal Sv.  Such beam velocity modulation
signal Sy is applied to a beam deflection
means of cathode ray tube 11, for example,
to a supplemental deflection device 35 pro-
vided in addition to the usual yoke 13, for
modulating the scanning velocity of the elec-
tron beam 3 in the line-scanning direction
in accordance with the signal Sy. The sup-
plemental deflection devices 35 may be con-
stituted, as shown, by two spaced apart
plate-like electrodes 35z and 356 directed
vertically in cathode ray tube 11 and ar-
ranged for the passage of electron beam 3
therebetween. Thus, application of signal Sy
across plate-like electrodes 35a and 35b pro-
duces a corresponding electrical field there-
between by which the scanning velocity of
the beam, that is, its rate of horizontal
movement across the screen, is modulated.
Such modulation of the scanning velocity
causes a corresponding modulation of the
change of horizontal position of the beam
with time, for example, as represented by
the curve 36 on Fig, 5.
_ The signal processing circuits 32 and 33
include at least respective differentiating cir-
cuits for effecting successively higher order
differentiations of the differentiated signal
Sa from circuit 31. Thus, for example, sig-
nal processing circuits 32 and 33 may effect
quadratic and cubic differentiations respec-
tively, of original video signal S,, and such
processing circuits may further include re-
spective polarity selectors so that the peaks
of the respective differentiated signals which
are applied to adding circuit 34 will be
effective in the latter to shift the positions
of the maximum amplitudes of the positive
and negative peaks of signal Sy in the di-
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change in the horizontal position of the
beam on the screen with the lapse of time
is represented by the curve or line 36 on Fig.
5, and the intensity of light emission is
changed or varied in the horizontal direc-
tion across the screen in the manner re-
presented by the line 37 on Fig. 5, as herein-
after described in detail.

More particularly, and as shown on Fig.
6, when the beam velocity modulation signal
Sy has the maximum amplitudes of its
positive and negative peaks shifted in the
directions toward the low level signal por-
tions Sp, of compensated video signal Sp
in accordance with the present invention, for
example, when the maximum amplitudes of
the positive and negative peaks are sub-
stantially at the commencement and con-
clusion, respectively, thereof, as shown on
Fig. 6, then, at the time when the beam is
disposed at the position X, where the com-
pensated video signal Sp begins to rise from
its low level Sp,, the beam velocity modu-
lation signal Sy substantially instantaneously
rises to its maximum amplitude so as to
cause sharp acceleration of the beam and
almost instantaneous displacement of the
beam from the position X, to the position
Y;:. By reason of the almost instantaneous
displacement or movement of the beam from
position X, to position Yy, the emission of
light from the screen between the positions
X, and Y, is nearly totally suppressed. As
the level of the positive peak of signal Sy
gradually decreases from the initia] maxi-
mum value, the horizontal beam movement
is decelerated at a decreasing rate toward
the usual beam scanning velocity determined
by the deflection yoke 13. Thus, at times
when the electron beam would normally be
disposed at positions X,, X, and X., the
beam velocity modulation signal Sy is effec-
tive in deflection device 35 to dispose the
beam at the positions Y., Y, and Y., re-
spectively. Conversely, during times cor-
responding to the falling edge of the com-
pensated video signal Sp, the beam under-
goes a gradually increasing deceleration
from its normal beam scanning velocity and
then a sudden acceleration as a result of
the negative peak of signal Sy. Thus, at
times when the beam would otherwise
occupy the positions X%, X1,, X!, and X,
the beam is disposed at the posi-
tions Y%, Y., Y%, and Y., respectively.
Further, the beam will move almost in-
stantaneously from the position Y%, to the
position X, at the completion of the neg-
ative peak of signal Sy so as to almost com-
pletely suppress the emission of light be-
tween the positions Y, and X%,. There-
fore, when compensated video signal Sp is
applied to cathode 12 of cathode ray tube
11 for modulating the intensity or density
of electron beam B and the signal Sy em-

ployed for modulating the beam scanning
velocity has the maximum amplitudes of its
positive and negative peaks shifted toward
the low level signal portions Sp, of com-
pensated video signal Sp in accordance with
this invention, the effect is equivalent to
that of applying to cathode 12 a video
signal Sg indicated in dotted lines on Fig.
6 in the absence of any beam scanning velo-
city modulation. Tt will be apparent that
such equivalent video signal Sy, has relatively
sharp or steep rising and falling edges. Fur-
thermore, it will be apparent that the elec-
tron beam moves relatively slowly between
the positions Y; and Y, and between the
positions Y*; and Y, so that, at the corres-
ponding beam positions on the screen, the
amount of light emission therefrom is cor-
respondingly increased, as indicated by the
curve 37 on Fig, 6.

A comparison of the original video signal
Se with the curve 37 on Fig. 6 will show
that, in a video signal reproducing appar-
atus according to this invention, the sharp-
ness of the reproduced picture or image is
improved and the width of the white or
bright portion of the image or picture cor-
responds generally to the width of the re-
spective high level portion 16! of original
video signal S, measured between the mid-
points of the rising and falling edges 16
and 16'f of such high level portion. Thus,
the disadvantageous narrowing of the white
or bright portion of the reproduced picture
or image which is characteristic of the pre-
viously known beam scanning velocity
modulation, and which has been described
with reference to Figs. 3A—3E, is avoided
in accordance with this invention.

In the velocity modulation control circuit
20 shown on Fig. 4, two signal processing
circuits are provided to effect the succes-
sively higher order differentiations of the
differentiated signal S, from circnit. How-
ever, the number of such signal processing
circuits in circuit 20 may be increased, and
it is to be understood that the number of
successively higher order differentiations
thus effected for addition to signal S, de-
termines the steepness of the rising edges of
the positive and negative peaks of resulting
signal Sy, that is, the extent to which the
positions of the maximum amplitudes of
the positive and negative peaks of signal Sy
are shifted toward the low signal level por-
tions of signal Sp.

In the embodiment of this invention illus-
trated schematically by Fig. 4, the wave-
shaping circuit 19 and beam velocity modu-
lation control circuit 20 each include a
number of signal processing circuits for
effecting respective multi-dimensional dif-
ferentiations so that the circuits 19 and 20
are rather complicated. However, the pre-
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relatively simplified apparatus 10! which will
be hereinafter described in detail with re-
ference to Fig. 8, and in which parts cor-
responding to parts previously described
with reference to Fig. 4 or Fig. 7 are iden-
tified by the same reference numerals.

More particularly, in the apparatus 101,
the waveshaping circuit 19* consists of a
circuit arrangement which is similar fo that
of the signal processing circuit 21 on Fig. 7.
Thus, waveshaping circuit 19* is shown to
consist of a differentiating circuit 23 re-
ceiving the original video signal S, (Fig. 9A)
and providing a differentiated signal S, (Fig.
9B) having positive and negative peaks cor-
responding to the rising and falling edges
167 and 16'f, respectively, of a high level
portion 162 of video signal S, and a polarity
selector formed by a diode 26 connected in
parallel with a series circuit of a second
diode 27 and an inverter 28 so that a dif-
ferentiated signal Sy of ome polarity (Fig.
9C), that is, having peaks only of positive
polarity, is applied to adding circuit 24 for
addition in the latter to original video signal
So. As a result of the foregoing, the out-
put of adding circuit 24 provides a compen-
sated video signal Sq (Fig. 9D) which is ap-
plied to cathode 12 of cathode ray tube 11,
and in which the width of each high level
signal portion is substantially increased as
compared with the corresponding high level
signal portion 16* in the original video sig-
nal ‘Se.

In the apparatus 10%, the beam velocity
modulation control circuit 20* includes a
differentiating circuit 31 which receives the
original video signal S, from circuit 17 so as
to again provide the differentiated signal
Sa (Fig. 9E). Such signal S, is supplied to
an inverter 38 to obtain an inverted dif-

ferentiated signal S, (Fig. 9F). The dif-
ferentiated signal S, is further supplied from
circuit 31 to a differentiating circuit 39 for
obtaining a quadratic differentiated signal
Se (Fig. 9G). The first differentiated signal
Sa and the quadratic differentiated signal Se
are added to each other in an adding cir-
cuit 40 so as to obtain an output signal Sy
(Fig. 9H) in which the positions of the
maximum amplitudes of the major posi-
tive and negative peaks are advanced in re-
spect to the positions of the maximum
values of the positive and negative peaks of
the differentiated signals S,. Similarly, the

inverted differentiated signal S, and the
quadratic differentiated signal S¢ are added
to each other in an adding circuit 41 so as
to obtain an output signal S; (Fig. 9I) in
which the positions of the maximum ampli-
tudes of tﬁg major negative and positive
peaks are delayed as compared with the
positions of the maximum values of the

negative and positive peaks of the signal

Ss. The signal Sy from adding circuit 40
is applied to a B-class amplifier 42 so as to
obtain from the latter a positive-going signal
S; (Fig. 9]), corresponding to the major
positive peak of the signal Sy occurring
simultaneously with the rising of compen-
sated video signal Sq. Similarly, the signal S;
from adding circuit 41 is applied to a B-
class amplifier 43 so as to obtain from the
latter a positive-going signal Sx (Fig. 9J)
corresponding to the major positive peak
of signal S; occurring simultaneously with
the falling of compensated video signal S.
The signals Sy and Sx are applied from
amplifiers 42 and 43 to plate-like electrodes
35a and 35b, respectively, of the supple-
mental deflecting device 35. Thus, a sub-
tractive or difference signal Sy, (Fig. 9L) equal
to the difference between the signals S; and
Sk is applied between electrodes 354 and
35b so as to produce a corresponding elec-
trostatic field by which electron beam B is
deflected for achieving beam scanning velo-
city modulation.

It will be noted that the beam velocity
modulation signal Sy, has the positions of the
maximum amplitudes of its positive and
negative peaks shifted in the directions to-
ward the low level signal portions Sg, of the
compensated video signal Sq (Fig. 9D) as
compared with the positions of the maxi-
mum amplitudes of the positive and neg-
ative peaks of differentiated signal S,. By
reason of the foregoing, the beam velocity
modulation effected in response to the sig-
nal S;, achieves improved sharpness of the
reproduced image or picture while avoiding
narrowing of the white or bright picture or
image portions.

Although the beam velocity modulation
signal Sy or S;, is shown, in the previously
described embodiments of Figs. 4 and 8, to
be applied between the plate-like electrodes
35a and 35b of supplemental deflection de-
vice 35, the present invention may be ad-
vantageously employed in connection with a
cathode ray tube of the type disclosed in
detail in U.S. Patent No. 3,936,872, and in
which an electron gun is provided with a
special focusing electrode to also function as
the beam deflection means for modulating
the scanning velocity of the electron beam
in the line-scanning direction. More par-
ticularly, as shown on Fig. 10, the electron
gun provided in the neck portion 44 of a
cathode ray tube 11A may include a cathode
12A, a control electrode or grid 45, an ac-
celeration electrode or grid 46, a first anode
electrode 47, a focusing electrode 48 and a
second anode electrode 49 all arranged suc-

cessively in axial alignment along the cen-

tral axis 50 of the cathode ray tube. The
focusing electrode 48 is shown to be tubular
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and to be formed in two parts 482 and 48b
which are axially separated along a vertical
plane inclined relative to the axis 50 of the
cathode ray tube. For the operation of
the electron gun structure shown on Fig.
10, appropriate static or bias voltages are
applied to grids 45 and 46 and to electrodes
47, 48 and 49. Thus, for example, a volt-
age of zero to —400V. may be applied to
grid 45, a voltage of zero to 500V. may be
applied to grid 46, a relatively high voltage
or potential, for example, an anode volt-
age of 13 to 20 KV. may be applied to
electrodes 47 and 49, and a relatively low
voltage or potential of zero to only several
KV. may be applied to parts 484 and 48b
of electrode 48, with all of the foregoing
voltages being relative to the bias voltage
applied to cathode 12A as a reference poten-
tial. With the foregoing bias voltage dis-
tribution, an electron lens field is established
around the axis of electrode 48 by the elec-
trodes 47, 48 and 49 to form a main focus-
ing lens by which the electron beam is
focused at the screen of the cathode ray
tube. Furthermore, the beam velocity modu-
lation signal Sy or S;, according to this in-
vention may be applied between parts 48a
and 48b of electrode 48 in superposed re-
lation to the static or bias voltage applied
to electrode 48 for forming the focusing
lens. It will be apparent that, by reason of
the described diagonal separation between
parts 482 and 48b of focusing lens elec-
trode 48, the application of the beam velo-
city modulation signal Sy or S, between elec-
trode parts 48« and 48b will result in a re-
spective electrostatic field which is operative
to deflect the electron beam or beams in the
horzontal or line-scanning direction so as to
modulate the line-scanning velocity in the
same manner as when such signal Sy or Sy,
is applied to deflecting device 35.

It is also to be noted that, in a video
signal reproducing apparatus according to
this invention, the beam velocity modulation
signal Sy or Si, may be simply superimposed
on the horizontal deflection signal which is
applied to the horizontal deflection coil of
main deflection yoke 13 so as to again
modulate the beam scanning velocity in the
line-scanning direction without requiring
either the supplemental deflection device 35
of Figs. 4 and 8 or the two-part focusing
lens electrode 48 of Fig. 10.

Further, in all of the above, the invention
has been illustrated and described as ap-
plied to 2 monochrome television receiver
for modulating the beam scanning velocity
of a single electron beam. However, it
will be understood that the invention is
similarly applicable to a color television re-
ceiver in which the luminance component
of the color television signal is the so-called
original video signal S, subjected to the

action of the waveshaping circuit 19 or 19*
and also to the action of the beam velocity
modulation control circuit 20 or 20%

In any event, it will be apparent that, in
a television receiver or other video signal
reproducing apparatus according to this in-
yention, the sharpness of the reproduced
image or picture is very substantially im-
proved without decreasing the width of re-
latively bright or white areas of the repro-
duced picture, and that such advantageous
result is achieved by providing a compen-
sated video signal Sy or Sq for modulating
the intensity or density of each electron
beam, and further by selectively modifying
the waveform of the beam velocity modu-
lation signal Sy or Sy, employed for effecting
beam scanning velocity modulation.
. Although illustrative embodiments of the
invention have been described in detail here-
in with reference to the accompanying draw-
ings, it is to be understood that the inven-
tion is not limited to those precise embodi-
ments, and that various changes and modi-
fications may be effected therein by one
skilled in the art without departing from the
scope of the invention as defined in the
appended claims. '

WHAT WE CLAIM IS: —

L. In a video signal reproducing ap-
paratus comprising a source of a video
signal representing at least the bright-
ness of a video picture and in which bright
picture portions are each represented by a
video signal portion of high level defined
betwee_n respective rising and falling edges
extending from low level signal portions
representing relatively dark picture portions
contiguous to the bright picture portion, and
a cathode ray tube having a screen, an
electron gun including beam producing
means directing an electron beam generally
along their axis of the tube toward said
screen for impingement on the latter and
beam intensity modulating means, and
means for causing said beam to scan said
screen in line-scanning and vertical direc-
tions, respectively; the combination of wave-
shaping means for receiving said video
signal from said source for providing a cor-
responding compensated video signal which
is applied to said beam intensity modulating
means and in which the width of each of
said high level signal portions between said
respective rising and falling edges is in-
creased; beam velocity modulation control
means connected with said source of the
video signal for providing therefrom a beam
velocity modulation signal having positive
and negative peaks in correspondence to
said rising and falling edges of each of said
high level signal portions with the posi-
tions of said positive and negative peaks be-
ing shifted relative to the corresponding
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peaks of a differentiation of said wideo
signal, in the directions toward the adjacent
low level signal portions of said compen-
sated wideo signal; and beam deflection
means for modulating the scanning velocity
of said electron beam in said line-scanning
direction in accordance with said beam
velocity modulation signal for improving
picture reproduction.

2. A video signal reproducing apparatus
according to claim 1; in which said wave-
shaping means comprises at least one signal
processing circuit including differentiating
means for differentiating the video signal
from said source of the latter, polarity
equalizing means acting on the differentiated
signal from said differentiating means for
providing a differentiated signal of one
polarity, and adder means adding the video
signal from said source thereof and said
differentiated signal of one polarity to pro-
vide said compensated video signal.

3. A video signal reproducing apparatus
according to claim 2; in which said polarity
equalizer includes a first diode connected
in parallel with a series connection of an
inverter and a second diode.

4. A video signal reproducing apparatus
according to claim 2; in which said wave-
shaping means further comprises a second
signal processing circuit including second
differentiating means for differentiating said
differentiated signal from the first mentioned
differentiating means, and unidirectional
means connected with said second differen-
tiating means for applying to said adder
means the output of said second differen-
tiating means which is of said one polarity.

5. A wvideo signal reproducing apparatus
according to claim 2; in which said beam
velocity modulation control means comprises
a main differentiation circuit acting on said
video signal from said source to provide a
main differentiated output with positive and
negative peaks corresponding to said rising
and falling edges of the video signal from
said source, an additional differentiating cir-
cuit acting on said main differentiated out-
put to provide a quadratic differentiated out-
put, inverting means receiving said main dif-
ferentiated output to provide an inverted
differentiated output, a first adder adding
said quadratic differentiated output to said
main differentiated output, and a second
adder adding said quadratic differentiated
output to said inverted differentiated output;
and said first and second adders are con-
nected with said beam deflection means so
as to derive said beam velocity modulation
signal as the difference between outputs of
said first and second adders.

6. A video signal reproducing apparatus
according to claim 5; in which said beam
deflection means includes two spaced apart
plate-like electrodes directed vertically in

the cathode ray tube and between which
said electron beam passes, and means for
applying said outputs from the first and
second adders to said plate-like electrodes,
respectively,

7. A video signal reproducing apparatus
according to claim 1; in which said beam
deflection means includes two spaced apart
plate-like electrodes directed vertically in
the cathode ray tube and between which
said electron beam passes, and means for
applying said beam velocity modulation
signal across said plate-like electrodes.

8. A video signal reproducing apparatus
according to claim ‘'1; in which said beam
deflection means includes a tubular electrode
on said axis of the tube for the passage of
said electron beam axially through said
tubular electrode between said beam pro-
ducing means and said screen, said tubular
electrode being in two parts which are axi-
ally separated along a vertical plane that is
inclined relative to said axis of the tube,
and means for applying said beam velocity
modulation signal across said two parts of
the tubular electrode.

9. A video signal reproducing apparatus
according to claim 8; in which said tubular
electrode is included in electron lens means
for focusing said beam at said screen, and
said electron lens means further includes at
least another tubular electrode arranged co-
axially in respect to the first mentioned tubu-
lar electrode, with a relatively low potential
being applied to said first tubular electrode
and a relatively high potential being applied
to said other electrode for producing an elec-
trical field which effects said focusing of the
beam. .

10. A video signal reproducing appar-
atus according to claim 1; in which said
waveshaping means comprises n signal pro-
cessing circuits connected in cascade and
each including a respective differentiating
means, n being a positive integer, and adder
means for adding to said video signal from
said source thereof respective differentiated
outputs from said n signal processing cir-
cuits so as to derive therefrom said com-
pensated video signal.

11. A video signal reproducing appar-
atus according to claim 10; in which said
beam velocity modulation control means
comprises a main differentiating circuit, m
signal processing circuits connected in cas-
cade and each including a respective dif-
ferentiating means, ## being a positive in-
teger, and adder means for adding respec-
tive differentiated outputs from said main
differentiating circuit and from each of
said m signal processing circuits so as to
derive therefrom said beam velocity modu-
altion signal.

12. A video signal reproducing appar-
atus according to claim 11; in which said
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main differentiating circuit provides a main
differentiated output with positive and neg-
ative peaks corresponding to said rising and
falling edges of the video signal from said
source; m is one to provide one respective
signal processing circuit; said one signal
processing circuit has said differentiating
means thereof acting on said main differen-
tiated output to provide a quadratic differen-
tiated output, and further includes inverting
means receiving said main differentiated out-
put to provide an inverted differentiated
output; said adder means of the beam velo-
city modulation control means includes a
first adder adding said quadratic differen-
tiated output to said main differentiated out-
put and a second adder adding said quad-
ratic differentiated output to said inverted
differentiated output; and said first and
second adders are connected with said beam
deflection means so that said beam velocity
modulation signal is derived as the dif-
ference between outputs of said first and
second adders.

13. A video signal reproducing appar-
atus according to claim 10; in which one of
said n signal processing circuits includes
polarity equalizing means acting on the out-
put of the respective differentiating means
for providing a differentiated signal of one
polarity applied to said adder means for
addition to said video signal from said
source.

14. A video signal reproducing appar-
atus according to claim 1; in which said

"~ beam velocity modulation control means

comprises a main differentiating circuit, m
signal processing circuits connected in cas-
cade and each including a respective dif-
ferentiating means, m being a positive in-
teger, and adder means for adding respec-

tive differentiated outputs from said main
differentiating circuit and from each of said
m signal processing circuits so as to derive
therefrom said beam velocity modulation
signal.

15. A video signal reproducing apparatus
according to claim 14; in which the said
main differentiating circuit provides a main
differentiated output with positive and neg-
ative peaks corresponding to said rising and
falling edges of the video signal from said
source; m is one to provide one respective
signal processing circuit; said one signal
processing circuit has said differentiating
means thereof acting on said main dif-
ferentiated output to provide a quadratic
differentiated output, and further includes
inverting means receiving said main differen-
tiated output to provide an inverted dif-
ferentiated output; said adder means of the
beam velocity modulation control means in-
cludes a first adder adding said quadratic
differentiated output to said main differen-
tiated output and a second adder adding said
quadratic differentiated output to said in-
verted differentiated output; and said first
and second adders are connected with said
beam deflection means so that said beam
velocity modulation signal is derived as the
difference between outputs of said first and
second adders.

16. A video signal reproducing appar-
atus, substantially as hereinbefore described
with reference to and as shown by Figures
4, 5, 6 and 7 or Figs. 8 to 9L of the ac-
companying drawings.

J. A. XKEMP & CO.,
Chartered Patent Agents,
14 South Square,
Gray’s Inn,
London WCIR S5EU,

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1980
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.
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