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DESCRIPTION 

VIDEO DISPLAY APPARATUS WITH VERTICAL SCAN VELOCITY 
MODULATION AND VIDEO DISPLAY METHOD THEREFOR 

Techn:i.cal Field 

The present invention relates to a vertical velocity 

modulation apparatus having the function of correcting the 

image quality by modulating the scanning speed of an el.ectron 

10 beam, and a video display apparatus and a video display method 

using the same. 

Background Art 

In a conventional video display apparatus such as a 

15 television receiver or a display monitor, a unidirectional 

scanning system has been general.ly used. Fig. 31 is a diagram 

showing a conventional unidirectional progressive scanning 

system. As shown in Fig. 31, in the un.idirectional 

progressive scanning system, scann.ing is performed sl.ightl.y 

20 downward from the l.eft to the right of a screen. In a 

progressive scanning system of 525 scanning lines. the 

horizontal scanning frequency is 31. 5 KHz. and the horizontal 

scanning period is 31. 7 5 µ s. 
.. . 

In recent years. a bidirectional scanning system has 
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been proposed in order to improve the image quality. Fig. 

32 is a diagram showing a bidirectional progre~s:l.ve scanning 

system. As shown in Fig. 32, scanning lines in odd numbers 

are horizontally scanned from the left to the right of a 

5 screen, and scanning lines in even numbers are horizontally 

scanned from the right to the left of the screen. In a 

bidirecti.onal progressive scanning system of 1050 scanning 

lines. the horizontal scanning frequency is 63. o KHz. and the 

horizontal scanning period is 15.87 Us. 

10 In the bidirectional: scanning system, the density of 

the scanning 1.i.nes in the vertical direction doubl.es. so that 

the resolution is increased, and the luminance is improved. 

Since reciprocating scanning is performed, power for 

deflecting an electron beam is reduced, thereby making it 

15 possibl.e to reduce the scale of a power suppl.y circuit. 

In the bidirectional scanning system, however, the 

interval. between the scanning lines is shortened, so that the 

l.uminance of each of the scanning lines is easily affected 

by the luminance of the adjacent scanning line. 

20 Consequently, the sharpness of a reproduced image may, in 

some cases·, be reduced. 

For example, Japanese Laid-open Patent 10-23290 

discloses that the velocity of an electron beam is modulated 

in the vertical direction, to make vertical contour 

25 correction. 

; r·I 
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In velocity modulation in the vertical direction which 

is disclosed in Japanese Laid-open Patent 10-23290, a 

scanning line having a low luminance is brought near a 

scanning line having a high luminance at a change point from 

5 a low luminance level to a high luminance level, and a 

scanning line having a high luminance is brought near a 

scanning line having a low luminance at a change point from 

a high luminance level to a low l.uminance level. For example, 

a scanning line h2 having a low luminance is shifted by A 

10 p downward, and a scanning line hS having a high luminance 

is shifted by fl. p upward. 

As described in Japanese Laid-open Patent 10-23290, the 

luminance is high in a portion where the interval between the 

scanning lines is narrow, while being l.ow in a portion where 

15 the interval between the scanning lines is wide. As a resul.t, 

the change in the luminance of the luminance change portion, 

for example, a vertical. contour portion of an image can be 

sharp. 

Accordi.ng to the conventional method of modulating the 

20 scanning speed in the vertical. direction, however, there 

arises such a phenomenon that an originally dark portion is 

brightened, so that the contour is rather blurred. 

An object of the present invention is to provide a 

vertical velocity modulation apparatus capable of obtaining 

·- -25 a sharper reproduced image by modulating the scanning speed 
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i.n the vertical: direct1on, and a video display apparatus and 

a video display method using the same. 

Another object of the present invention is to provide 

a vertical velocity modulation apparatus whi.ch can obtain a 

5 sharper reproduced image by modulating the scanning speed in 

the vertical direction and can be miniaturized and reduced 

in cost, and a video display apparatus and a video display 

method using the same .. 

10 Disclosure of Invention 

A video display apparatus according to one aspect of 

the present invention comprises a.horizontal deflection 

circuit for deflecting an electron beam in the horizontal 

di.recti.on to form scanning lines in the horizontal direction 

lS on a screen, a vertical deflection circuit for deflecting the 

electron beam in the vertical di.rection. and a vertical 

veloci.ty modulation circuit for modulating the scanning 

speed in the vertical direction of the electron beam such that 

a part of the scanning line having a luminance which is not 

20 less than a predetermined value in a luminance change portion 

in the vertical direction moves farther apart from a part of 

the adjacent scanning l.ine having a lower luminance than the 

predetermined value. 

In the video display apparatus. the el.ectron beam is 

25 deflected in the horizontal direction and the vertical. 

' I I 
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direction. so that the scanning lines in the horizontal 

direction are successively formed on the screen. In this 

case, the scanning speed in· the vertical direction of the 

electron beam is modulated such that the part of the scanning 

s line having a luminance which is not less than the 

predetermined value in the luminance change portion in the 

vertical direction moves farther apart from the adjacent 

scanning line having a lower J.uminance than the predetel:lllined 

value. 

10 Consequently, the part of the scanning line having a 

high luminance is shifted in the direction away from the part 

of the scanning line having a low luminance. Accordingly, 

the part of the scanning line having a low luminance is not 

easily affected by the part of the adjacent scanning line 

15 having a high luminance, so that the part of the scanning line 

having a high luminance enters the original low luminance 

level. Further, the part of the scanning line having a high 

luminance is in close proximity to the part of the scanning 

line having a higher luminance, so that the part of the 

20 scanning line having a high luminance enters a level higher 

than the original luminance level. As a result. the contour 

in the vertical direction of a reproduced image is 

emphasized. 

The horizontal deflection circuit may deflect the 
.. 

25 electron beam back and forth in the horizontal direction, to 

.-
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form forward and backward scanning lines on the screen. 

In this case, the reproduced image having a hi.gh dens1 ty 

is obtained by bidirectional scanning, and the contour of the 

image in the vertical direction is emphasized by modulating 

5 the scanning speed in the vertical direction. As a result, 

the quality of the image is increased. 

The vertical velocity modulation circuit may comprise 

a parallel.scanning circuit for outputting a parallel 

scanning signal for making the forward and backward scanning 

10 J.ines formed by the horizontal deflection circuit paral.lel., 

a movement control circuit for producing a movement control 

signal for controll.ing the movement in the vertical di.rect'.Lon 

of the scanning lines on the basis of a luminance signal., a 

synthesizing circuit for synthesizing the paral.l.el scanning 

15 signal outputted by the parallel scanning circuit and the 

movement control signal produced by the movement control 

ci~cuit, and a vertical vel.ocity modulation coil for 

generating a magnetic field for modulating the scanning speed 

in the vertical direction of the electron beam on the basi.s 

20 of a signal synthesized by the synthesizing circuit. 

In thi.s case, the para1J.el scanning signal for making 

the.forward and backward scanning lines parallel and the 

movement control signal for controlling the movement in the 

vertical direction of the scanning lines are synthesized, and 

25 a magneti.c field for modulating the scanning speed in the 

1 I I 
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vertical direction of the electron beam is generated by the 

vertical velocity modul.ation coil. on the basis of the 

synthesized signal.. The parallel scanning and the modulation 

of the scann.ing speed in the vertical direction are performed 

5 by the common vertical velocity modul.a tion coil. Therefore. 

the video display apparatus is miniaturized and is reduced 

in cost. 

The movement control circuit may comprise a change 

portion detection circuit for detecting a luminance change 

10 portion in the vertical. direction on the basis of the 

luminance signal. a movement distance output circuit for 

outputting as the movement control. s.:t,.gnal the distance of 

movement of the scanning line on the screen in the vertical 

direction in the luminance change portion d~tected by the 

15 change portion detection circuit on the basis of the 

luminance signal. and a time axis reversion circuit for 

reversing the time axis of the movement control signal 

outputted by the movement distance output circuit in backward 

scanning by the horizontal deflection circuit. 

20 In this case. the luminance change portion in the 

vertical d.irection is detected on the basis of the luminance 

signal,· and the distance of _movement of the scanning line on 

the screen in the verti.cal direction in the luminance change 

portion is outputted as the movement control signal. The time 
-

25 axis of the movement control signal is reversed in the 
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backward scanning. Consequently, it is possible to modulate 

the scanning speed in the vertical direction in the 

bidirectional $canning. 

The vertical velocity modulation circuit may further 

5 comprise a clamping circuit for clamping the movement control 

signal produced by the movement control circuit to a 

predetermined potential at predetermined timing. 

In this case, the movement control signal is clamped 

to the predetermined potential at predetermined timing, so 

10 that each of the scanning lines is formed at a reference 

posi. tion previous1y set, and the part of each of the scanning 

lines can be moved from the reference position in the 

luminance change portion in the vertical direction. 

Consequently, the image quality is prevented £rom being 

15 degraded by the shift of the scanning line. 

The verticai velocity modulation circuit may further 

comprise an amplifier for amplifying the signal synthesized 

by the synthesizing circuit, and a gain control circuit for 

controlling the gain of the amplifier. 

20 In this case, the signal synthesized by the synthesizing 

circuit is amplified bY the amplifier, and is fed to the 

vertical velocity modulation coil. Particularly, the gain 

of the amplifier is controlled by the gain control circuit, 

thereby making it possible to control. the 1nterval between 

25 the scanning lines and the distance of movement on the screen 
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of the part of the scanning line in the luminance change 

portion. 

The gain control circuit may contro1 the gain of the 

amp1if ier on the basis of the number of the scanning lines 

5 formed on the screen by the horizontal def1ection circuit. 

In this case, it is possible to control the interval 

between the scanning lines and the distance of movement on 

the screen of the part of the scanning line in the luminance 

change portion depending on the number of the scanning lines 

10 formed on the screen. Consequently, it is possible to improve 

the image quality depending on the number of the scanning 

lines. 

The gain control circuit may control the gain of the 

amplifier depending on the positions of the scanning lines 

15 formed on the screen by the horizontal def1ection circuit. 

In this case, it is possible to control the interval 

between the scanning lines and the distance of movement on 

the screen of the part of the scanning line in the luminance 

change portion depending on the positions of the scanning 

20 lines formed on the screen. Consequently, it is possible to 

improve the image quality depending on the positions on the 

screen. 

The vertical velocity modulation circuit may comprise 

a movement distance output circuit for outputting the 

25 di.stance of movement on the screen of a part of the scanning 
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line to be an object as the movement control signal on the 

basis of the difference between the luminance of a part of 

the scanning line a predetermined number of horizontal 

scanning periods ahead of and the luminance of a part of the 

5 scanning l.ine the predetermined number of horizontal 

scanning periods behind the part of the scanning l.ine to be 

the object and the l.evel of the luminance of the part of the 

scanning line to be the object, and a vertical velocity 

modulation coil for generating a magneti.c field for 

10 modulating the scanning speed in the vertical direction of 

the electron beam on the basis of the movement control signal 

outputted from the movement distance output circuit. 

In this case, the distance of movement on the screen 

of the p~rt of the scanning line to be the object is set on 

15 the basis of the difference between the luminance of the part 

of the scanning line the predetermined number of scanning 

lines ahead of and the l.uminance of the part of the scanning 

line the predeterinined number of scanning lines behind the 

part of the scanning line to be the object and the level of 

20 the luminance of the part of the scanning line to be the 

object. The part of the soann.ing line thus moves depending 

on the amount of the change in the luminance and the level 

of the luminance, so that the contour in the vertical 

d.irection of.the reproduced image is emphasized. 

25 The movement dis.tance output circui.t may comprise a 

I. 
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difference calculation circuit for calculating the 

difference between the luminance of the part of the scanning 

line the predetermined number of horizontal. scanning periods 

ahead of and the part of the scanning line the predetermined 

5 numbe·r of horizontal. scanning periods behind the part of the 

scanning line to be the object, a first signal output circuit 

for outputting a first movement distance signal on the basis 

of an output signal of the difference calculation circuit, 

a second signal output circuit for outputting a second 

10 movement distance signal on the basis of the luminance of the 

part of the scanning line to be the object, and a 

multiplication circuit for multiplying the first movement 

distance signal outputted from the first signal output 

circuit and the second movement distance signal outputted 

15 from the second signal output circuit together, and 

outputting the result of the multiplication as the movement 

control signal. 

In this case, the first movement distance signal is 

outputted on the basis· of the difference between the 

20 luminance of the part of the scanning line the predetermined 

number of scanning lines ahead of and the luminance of the 

part of the scanning line the predetermined number of 

scann.ing lines behind the part of the scanning l.ine to be the 

object, and the second movement distance signal is outputted 

25 on the basis of the l.uminance of the part of the scanning line 



5 

W099/65227 PCT/JP99/03035 

12 

to be the object. The first movement distance signal and the 

second movement distance signal are mul tipl:Led together, and 

the resu1t of the multiplication is outputted as the movement 

control signal.. 

The first signal output circuit may set the value of 

the first movement distance signal to zero when the value of 

the output signal of the difference calculation circuit is 

smaller than a predetermined value, and the second signal. 

output circuit may set the v.alue 0£ the second movement 

10 distance signal to zerQ when the luminance of the part of the 

scanning line to be the object is smal.l.er than the 

predetermined val.ue. 

In this case, the distance of movement on the screen 

of the part of the scanning line is set to zero such that 

15 vertical velocity modulation is not performed when the amount 

20 

of the change of the luminance is smaller than the 

predetermined value and the luminance 0£ the part of the 

scanni.ng line to be the object is small.er than the 

predetermi.ned value. 

The scanning lin.e the predetermined number of 

horizontal scann;Lng periods ahead of the part of the scanning 

line to be the object may be the scanning 1ine two horizontal 

scanning periods ahead of the part of the scanning line to 

be the object, and the scanning line the predetermined number 

25 of horizontal scanning periods behind the part of the 

' I I 
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scanning line to be the object may be the scanning l.ine two 

horizontal scanning per1.ods behind the part of the scanning 

line to be the object. 

In this case, the distance of movement on the screen 

5 of the part of the scanning line to be the object is set on 

the basis of the difference between the J.uminance of the part 

of the scanning line two scanning lines ahead of and the 

luminance of the part of the scanning l.ine two scanning l.ines 

behind the part of the scanni.ng l.ine to be the object and the 

10 l.uminance of the part of the scanning line to be the object. 

The scanning l.ine the predetermined number of 

horizontal. scanning periods ahead of the part of the scanning 

11.ne to be the object may be the scanni.ng line one horizontal. 

scanning period ahead of the part of the scanning l.ine to be 

15 the object, and the scanning l.ine the predetermined number 

of horizontal. scanning periods behind the part of the 

scanni.ng l.ine to be the object may be the scanning l.ine one 

hori.zontal. scanning period behind the part of the scanning 

line to be the object. 

20 In this case, the distance of movement on the screen 

of the part of the scanning 11.ne to be the object is set on 

the basi.s of the di.ff erence between the luminance of the part 

of the scanning line one scanning line ahead of and the 

luminance of the part of the scanning line one scanning 11.ne 
.. . 

25 behind the part of the scanning line to be- the object and the 
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1uminance of the part of the scanning line. 

The vertical· velocity modulation circuit may further 

comprise a movement distance limitation circuit for limiting 

the distance of movement on the screen of the part of the 

5 scanning line such that the positions of the adjacent 

scanning lines are not replaced with each other by the 

movement of the·· part of the scanning l.ine. 

In this case, the distance of movement on the screen 

of the part of the scanning 1ine is limited such that the 

10 positions of the adjacent scanning lines are not replaced 

with each other by moving the part of the scanning 11ne, so 

that the image quality is not degraded. 

The movement distance limitation circuit may limit the 

movement control signal outputted from the movement distance 

15 output circu.it to half when the luminance of the part of the 

scanning li.ne to be the object and the luminance of the part 

of the scanning 1.:1.ne two horizontal scanning periods behind 

the part of the scanning line to be the object are not less 

than the predetermi.ned · val.ue. and the l.uminance of the part 

20 of the scanning line two horizontal scanning periods ahead 

of. the luminance of the part of the scanning line three 

horizontal scanning periods ahead of, and the luminance of 

the part of the scanning l.ine three horizontal scanning 

periods behind the part of the scanning line to be the object 
.. 

25 are less than the predetermined val.ue, or when the luminance 
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of the part of the scanning line to be the object and the 

lumi.nance of the part of the scanning line two horizontal 

scanning periods ahead of the part of the scanning line to 

be the object are not less than the predetermined value, and 

s the luminance of the part of the scanning line two hori.zontal. 

s.canning periods behind. the luminance of the part of the 

scanni.ng li.ne three hori.zontal scanning periods behind. and 

the luminance of the part of the scanning 1ine three 

horizontal. scanning peri.ods ahead of the part of the scanning 

10 l.i.ne to be the object are less than the predetermi.ned value. 

In this case. when the l.uminances of the parts of the 

three adjacent scanning lines are not less than the 

predetermi.ned value, and the luminance of the part of the 

scanning line ahead of the three scanning l.ines and the part 

15 of the scanning line behind the three scanning l.ines are J.ess 

than the predetermined value. the parts of the scanni.ng l.ines 

on both sides out of the three scanning lines move such that 

they approach the part of the scanni.ng l.i.ne at the center and 

the posi.ti.ons of the three scanni.ng l.ines are not replaced 

20· with one another. 

The video displ.ay apparatus may further comprise a 

cathode ray tube (CRT) • an·d an electron gun provi.ded in the 

CRT and having a metal. case, and the vertical. velocity 

modulation circuit may comprise a movement control. circuit 
- . 

25 for producing a movement control. signal. for control.l.ing the 
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movement in the vertical. direction of the scanning l.ines on 

the basis of the 1uminance signal., and a vertical. vel.ocity 

modulation coil. dispo~ed in a position departing from the 

periphery of the met.al. case of the el.ectron gun and around 

5 the CRT for generating a magnetic field for modulating the 

scanning speed in the vertical. direction of the electron beam 

on the basis of the movement control. signal produced by the 

movement control. circuit. 

In this case. the magneti.c fiel.d formed by the vertical. 

10 velocity modulation coil does not strike the metal case of 

the electron gun. so that intermediate and high frequency 

components of the magnetic field are not attenuated. 

Consequentl.y. the sensitivity of the vertical. velocity 

modul.ation coil. is increased. so that the scanning l.ine can 

15 be sharpl.y changed at a smal.1 current. Consequently. the 

scanning 1ine sharply changes in a vertical. edge and a 

horizontal. edge of the·image, so that the qual.ity of the image 

is not degraded. 

The video display apparatus may further comprise a 

20 def1ection yoke disposed in the position departing from the 

periphery of the metal. case of the e1ectron gun and around 

the CRT, and constituting the horizonta1 de£1ection circuit 

and the vertical. def1ection circuit, and the vertical 

velocity modu1ation coi1 may be arranged inside the 

25 deflection yoke. 
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In this case. the magnetic field formed by the vertical 

velocity modulation coil does not strike the metal case of 

the electron gun. 

The vertical velocity modulation circuit may comprise 

5 a movement control circuit for producing the movement control 

signal for controlling the movement in the vertical direction 

of the scanning lines on the basis of the luminance signal, 

a frequency domain emphasis circuit for emphasizing a 

predetermined frequency domain of the movement control 

10 signal produced by the movement control circuit. and a 

vertical velocity modulation coil for generating a magnetic 

field for modulating the scanning speed in the vertical 

direction of the electron beam ori the basis of the movement 

control signal emphasized by the frequency domain emphasis 

15 circuit. In this case, the movement control signal for 

controlling the movement in the vertical direction of the 

scanning line is produced on the basis of the luminance 

signal, the predetermined frequency domain of the produced 

movement control signal is emphasized, and the scanning speed 

20 in the vertical direction of the electron beam is modulated 

on the basis of the emphasized movement control signal. 

Consequently, the scanning line sharply changes in the 

vertical edge and the horizontal edge of the image, so that 

the quality of the image is not degraded. 

25 The frequency domain emphasis circuit may comprise an 
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extraction circuit for extracting.the predetermined 

frequency domain of the movement control. signal. produced by 

the movement control circuit, and an adder for adding the 

movement contro.l signal produced by the movement contro.l 

5 circuit and the signal. .in the frequency domain extracted by 

the extract.ion circuit together. 

In thJ.s case, the predetermined frequency domain of the 

movement contro1_signa1 is extracted, so that the movement 

control signal. and th~ signal. in the extracted frequency 

10 domain are added together. Consequently, the predetermined 

frequency domain of the movement control signal. is 

emphasize(l. 

A vertical velocity modu.lation apparatus according to 

another aspect of the presen~ inventi.on is a vertical. 

15 ve.locity modulation apparatus for modulat.:l.ng the scanning 

speed in the vertical d.:l.rection of an electron beam for 

successivel.y forming scanning .lines in the horizontal 

direction on a screen, comprising a movement control circuit 

for producing a moveme!lt control signal. for controll.ing the 

20 movement in the .vertica1 direction of the scanning lines such 

that a part of the scanning li.ne having a l.uminance which is 

not less than a predetermined value in a luminance change 

portion in the vertical direction on the basis of a luminance 

signal moves farther apart from a part of the adjacent 

25 scanning line having a lower luminance than the predetermined 

I I I 
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value, and a vertical velocity modulation coil for generating 

a magnetic field for modulating the scanning speed in the 

vertical direction of the electron beam on the basis of the 

movement control signal produced by the movement control 

5 circuit. 

In the vertical velocity modulation apparatus, the 

movement control signal for controlling the movement in the 

vertical direction of the scanning lines such that the part 

of the scanning line having a luminance which is not less than 

10 the predetermined value in the luminance change portion in 

the vertical direction moves farther apart from the part of 

the adjacent scanning li.ne having a lower luminance than the 

predetermined value is produced on the basis of the luminance 

signal,_ and the magnetic field for modulating the scanning 

15 speed in the vertical direction of the electron beam is 

generated on the basis of the movement control signal. 

Consequently, the part of the scanning line having a 

hi.gh lum:inance is shifted in the direction away from the part 

of the scanning line having a low luminance. Accordingly, 

20 the part of the scanning line having a low luminance is not 

easily affected by the part of the adjacent scanning line 

having a high luminance, so that the part of the scanning line 

having a low luminance enters the original low luminance 

level. Further, the part of the scanning line having a high 
.. . 

25 luminance is i.n cl.ose proximity to the part of the scanning 
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line having a higher luminance, so that the part of the 

scanning line having a high lwninance enters a level higher 

than the original luminance level. As a result, the con tour 

in the vertical direction of a reproduced image is 

5 emphasized. 

The vertical velocity modulation apparatus may further 

comprises a parallel scanning circuit for outputting a 

parallel scanning signal for making forward and backward 

scanning lines formed on the screen by deflecting the 

10 electron beam back and forth parallel, and a synthesizing 

circuit for synthesizing the movement control signal 

produced by the movement control circuit and the parallel 

scanning signal outputted by the paral.lel scanning c:Lrcu:l.t, 

and the vertical velocity modulation coil may generate a 

15 magnetic field for modulating the scanning speed in the 

vertical direction of the electron beam on the basis of a 

signal synthesized by the synthesizing circuit. 

In this case, a reproduced image having a high density 

is obtained by bidirectional. scanning, and the contour of the 

20 image in the vertical. direction is emphasized by modulating. 

the scanning speed in the vertica1 direction. As a result, 

the quality of the reproduced image is increased. 

The parallel scanning signal for making the forward and 

backward scanning lines in the bidirectional scanning 

25 parallel. and the movement control signal for contro11ing t
0

he 
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movement in the vertical direction of the scanning lines are 

synthesized, and the magnetic field for modulating the 

velocity ~n the vertical direction of the electron beam is 

generated by the vertical velocity modulation coil on the 

s basis of the synthesize·d signal. Since the parallel scanning 

and the modulation of the scanning speed in the vertical 

direction are performed by the common vertical velocity 

modulation coil, so that the vertical velocity modulation 

apparatus is miniaturized and is reduced in cost. 

10 The movement control circuit may output the distance 

of movement on the screen of a part of the scanning line to 

be an object as the movement control signal on the basis of 

the difference between the luminance of a part of the scannJ.ng 

line a predetermined number of horizontal scannJ.ng periods 

15 ahead of and the luminance of a part of the scanning line the 

predetermined number of horizontal scanning periods behind 

the part of the scanning line to be the object and the level 

of the luminance of the part of the scanning line to be the 

object. 

20 In this case, the distance of movement on the screen 

of the part of the scanning line to be the object is. set on 

the basis of the difference between the luminance of the part 

of the scanning line the predetermined number of scanning 
" 

lines ahead of and the luminance of the part of the scannJ.ng 

25 11ne the predetermined number of scanning lines behind the 
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part of the scanning 1ine to be the object and the level of 

the luminance of the part of the scanning line to be the 

object. The part of the scanning l.ine thus moves depending 

on the amount of the change in the lwninance and the level 

5 of the luminance. so that the contour in the vert:l.cal 

direction of the reproduced image is emphasized. 

The vertical velocity modulation apparatus may further 

comprise a frequency domain emphasis circuit for emphasizing 

a predetermined frequency domain of the movement control 

10 signal produced by the movement control circuit. 

In this case. the predetermined frequency domain of the 

movement control signal is emphasized. and the scanning speed 

in the vertical direction of the electron beam is modul.ated 

on the basis of the emphasized movement control signal. 

15 Consequently. the scanning line sharpl.y changes in a vertical 

edge.and a horizontal edge of an image, so that the quality 

of the image is not degraded. 

The frequency dom~in emphasis circuit may comprise an 

extraction circuit for extracting the predetermined 

20 .frequency domain of the movement control signa1 produced by 
the movement control .circuit. and an adder for adding the 

movement contro1 sig~al produced by the movement contro1 

circuit and the signal in the frequency domain extraqted by 

the extract~on circuit. 
- . 

25 In this case. the predeterm1.ned frequency domain of the 

I 
' I I 
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movement control. signal. is extracted, and the movement 

control. signal. and the signal in the extracted frequency 

domain are added together. Consequentl.y. the predetermined 

frequency domain of the movement.control. signal. is 

5 emphasized. 

A video display method according to stil.l. another aspect 

of the present invention comprises the steps of deflecti.ng 

an electron beam in the horizontal. di.rection and the vertical 

direction, to successively form scanning lines in the 

10 horizontal. direction on a screen, and modul.ating the scanning 

speed in the vertical direction of the electron beam such that 

a part of the scanning l.ine having a l.uminance whi.ch is not 

less than a predetermined val.ue in a l.uminance change portion 

in the vertical. direction moves farther apart from a part of 

15 the adjacent scanning l.ine havi.ng a 1ower 1umi.nance than the 

predetermined value. 

In this case, the part of the scanning l.ine having a 

hi.gh l.uminance is shifted in the direction away from the part 

of the adjacent scanning line having a l.ow luminance. 

20 Accordingl.y, the part of the .scanning line having a low 

luminance is not easily affected by the part of the adjacent 

scanning line having a high luminance. so that the part of 

the scanning l.ine having a low lumi.nance enters the original 

l.ow luminance l.evel.. Further, the part of the scanning l.ine 

25 having a high luminance is in close proximity to the part of 
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the scanning line having a higher J.uminance. so that the part 

of the scanning line having a high luminance enters a level 

higher than the original luminance level. As a result. the 

contour in the vertical direction of a reproduced image is 

5 emphasized. 

The step of d~f lepting the ~.lectron beam may comprise 

the step of. deflecting the electron beam back and forth 1.n 

the horizontal direction. to form the forward and backward 

scanning .lines on the screen. 

10 In th.is case. the reproduced image having a high density 

15 

:Ls obtained by bidirectional scanning. and the contour of the 

image in the vertical direction is emphasized by modu.lating 

the scanning speed in the verti.cal direction. As a result. 

the quality of the reproduced image is increased. 

The step of modulating the scanning speed may comprise 

the steps of outputting a parallel scanning signal for making 

the forward and backward sca~ni.ng lines parall.el.. producing 

a movement control signal for control.ling the movement in the 

vertical direction of the scanning line in a luminance change 

20 portion in the vertical direction on the basis of the 

luminance signal. synthesizing the parallel scanning signal 

and the movement control signal. and generating a magnetic 

field for modulating the scanning speed in the vertical 

direction of the electron beam on the basis of a synthesized 

25 signal. 

I. 
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In this case, the parallel scanning signal for making 

the forward and backward scanning lines parallel and the 

movement control signal for controlling the movement in the 

vertical direction of the scanning lines are synthesized, and 

5 the scanning speed in the vertical. direction of the electron 

beam is modulated on the basis of the synthesized signal. 

Therefore, a common coil can be used for the parallel scanning 

and the modulation of the scanning speed in the vertical 

direction. Consequently, the apparatus is miniaturized and 

10 is reduced in cost. 

The step of producing the movement control signal may 

comprise the steps of detecting the luminance change portion 

in the vertical direction on the basis of the luminance 

signal., outputting the distance of movement of the scanning 

15 line on the screen in the vertical direction in the luminance 

change portion as the movement control signal on the basis 

of the luminance signal, and reversing the time axis of the 

movement control signal in the backward scanning. 

Consequently~ it is possible to modulate the scanning speed 

20 in the vertical direction in the bidirectional scanning. 

The step of modulati.ng the scanning speed may comprise 

the step of clamping the movement control signal to a 

predetermined potential at predetermined timing. 

In this case, each of the scanning lines can be formed 

25 at a reference position previousl.y determined, and the part 
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of each of the scanning lines can be moved from the reference 

position in the luminance change portion in the vertical 

direction. Consequently. the image quality i.s prevented from 

being degraded by the shift of the scanning line. 

5 The step of modulating the scanning speed may comprise 

the step of setting the distance of movement on the screen 

of the part of the scanning line to be the object on the basis 

of the difference between the luminance of the part of the 

scanning line the predetermined number of horizontal 

10 scanning periods ahead of and the luminance of the part of 

the scanning line the predetermined number of horizontal 

scanning periods behind the part of the scanning line to be 

the object and the level of the luminance of the part of the 

scanning line to be the object. 

15 In this case, the distance of movement on the screen 

of the part of the scanning line to be the object is set on 

the basis of the difference between the luminance of the part 

of the scanning line the predetermined number of scanning 

lines ahead of and the luminance of the part of. the scanning 

20 line the predetermined number of scanning lines behind the 

part of the scanning line to be the object and the level of 

the luminance of the part of the scanning line to be the object 

is set. The part of the scanning line thus moves depending 

on the amount of the change in the luminance and the level 

25 of the luminance. so that the contour in the vertical 

i I I 
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direction of the reproduced image is emphasized. 

The step of modulating the scanning speed may comprise 

the steps of producing a movement control signal for 

controlling the movement in the vertical direction of the 

5 scanning lines on the basis of the luminance signal. 

emphasizing a predetermined frequency domain of the movement 

control signal. and generating a magnetic field for 

modulating the scanning speed in the vertical direction of 

the electron beam on the basis of the movement control signal. 

10 In this case, the movement control signal for 

controlling the movement in the vertical direction of the 

scanning lines is produced on the basis of the luminance 

signal, the predetermined frequency domain of the_ produced 

movement control signal is emphasized, and the scanning speed 

15 in the vertical direction of the electron beam is modulated 

on the basis of the emphasized movement control signal. 

Consequently, the scanning line sharply changes in the 

vertical edge and the horizontal edge of the image, so that 

the quality of the image is not degraded. 

20 According to the present invention, the scanning speed 

in the vertical direction is modulated such that the part of 

the scanning line having a high luminance moves farther apart 

from the part of the scanning line having a low luminance, 

so that the contour of the image in the vertical direction 

25 is emphasized. As a result, a sharp reproduced image -is 
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obtai.ned. 

Furthermore, the scanni.ng speed in the verti.cal 

di.rection is modulated in the bidirectional scann,ing. so that 

the contour in the vertical di.rection 1.s emphasized in the 

5 1.mage having a hi.gh density. As a result. the quality of the 

reproduced image is increased. 

Furthermore. the parallel scanning signal and the 

movement control signal are synthesi.zed, so that the parallel 

scanning and the modu,iation of the scanning speed in the 

10 vertical direction are performed by the common vertical. 

velocity modulation coil. As a result, the vertical velocity 

modulation apparatus and the video display apparatus are 

min1aturized and are reduced in cost. 

Furthermore, by arranging the vertical. vel.ocity 

15 modulation coil in a position departing from the periphery 

of the metal case of the el.ectron gun and around the CRT. or 

emphasizing the predetermined frequency domain of the 

movement control si.gnal, the scanning line sharply changes 

1.n the vertical. edge and the horizontal edge of the image, 

20 so that the quality of the image is not degraded. 

Brief Description of Drawings 

Fig. 1 is a block diagram showing the configuration of 

a vid~o display apparatus according to one embodiment of the 

25 present invention: 

; 
; I 1 
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Fig. 2 is a diagram showing an example of luminance 

distribution in the vertical direction before vertical 

contour correction, and a diagram showi.ng an example 0£ 

luminance distribution in the vertical. direction after 

5 vertical contour correction: 

Fig. 3 is a diagram showing an example of scanning lines 

and luminance distribution before vertical contour 

correction., and a diagram showing an example of scanning 

lines and luminance distribution after vertical contour 

10 correction: 

Fig. 4 is a waveform diagram of a vertical deflection 

signal outputted from a vertical deflection circuit, a 

waveform diagram of a parallel scanning signal outputted from 

a parallel scanning circuit, and a diagram showing paral.lel 

15 scanning based on a vertical deflection signal and a parallel 

scanning signal; 

Fig. 5 is a block diagram showing the configuration of 

the vertical velocity modulation circuit shown in Fig. l; 

Fig. 6 is a diagram showing an example of scanning lines 

20 before vertical contour correction. and a diagram showing an 

example of scanning lines after vertical contour correction: 

Fig. 7 is a signal waveform diagram showing the 

operation of a vertical velocity.modulation circuit1 

Fig. 8 is a diagram showing one example of bidirectional 

25 progressive scanning, and a diagram showing another example 
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of bidirectional progressive scanning: 

Fig. 9 is a 'block di.agram showing the configuration of 

a vertical correlation detection circuit shown in Fig. 5: 

Fig. 10 is a diagram showing a first example of a 

5 movement distance conversion table: 

10 

Fig. il is a diagram showing a second example of a 

movement distance conversion table: 

Fig. 12 is a diagram showing a third example of a 

movement distance conversion table; 

Fig. 13 is a diagram showing a fourth example of a 

movement di.stance conversion tabl.e: 

Fig. 14 is a block diagram showing the configuration 

of a retrace period reversion circuit: 

Pig. 15 is a timing chart showing the operation of the 

15 retrace period reversion-circuit shown in Fig. 14: 

Fig. 16 is a block diagram showing another exampl.e of 

the configuration of a vertical correlation detection 

circuit: 

Fig. 17 is a diagram showing an example of the 

20 characteristics of a conversion table shown in Fig. 16: 

25 

I. 

Fig. 18 is a diagram showing an example of vertical 

velocity modulation by the vertical. correlation detection 

circuit shown in Fig. 16: 

Fig. 19 is a diagram showing an examp1e of the 

configuration of a singular point detection unit shown in 

,., 
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Fig. 16; 

Fig. 20 is a diagram showing an example of singular point 

detection; 

Fig. 21 is a diagram showing the logic of a signal. in 

5 each portion in the singular point detection circuit shown 

in Fig. 19; 

Fig. 22 is a block diagram showing sti11 another example 

of the configuration of a vertical correlation detection 

circuit; 

10 Fig. 23 is a cross-sectional view in the horizontal 

direction showing an exampl.e of the positional relationship 

between a CRT and a vertical velocity modulation coil; 

Fig. 24 is a cross-sectional view in the horizontal 

direction showing another example of the positional 

15 relationship between a CRT and a vertical. velocity modul.ation 

coil; 

Fig. 25 is a diagram showing an exampl.e of vertical 

vel.ocity modulation by the vertical. vel.ocity modulation coil. 

shown in Figs. 23 and 24; 

20 Fig. 26 is a block diagram showing another example of 

the configuration of a vertical velocity modulation circuit 

used for the video display apparatus shown in Fig. 1; 

Fig. 27 is a block diagram showing the configuration 

of a frequency compensation circuit in the vertical velocity 

25 modulation circuit shown in Fig. 26; 
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Fig. 28 is a circuit diagram showing an ex~ple of the 

configuration of an intermediate and high frequency 

component separation unit; 

Fig. 29 is a signa1 waveform diagram showing the 

5 operation of the frequency compensation circuit shown in Fig. 

27; 

Fig. 30 is a block diagram showing still another example 

of the configuration of a vertical velocity modulation 

circuit; 

10 Fi.g. 31 is.a·diagram showing .a unidirectional 

progressive scanning system: 

Fig. 32 is a diagram showing a bidirectional progressive 

scanning system; and 

Fig. 33 is a diagram showing the luminance distribution 

15 in the vertical direction in conventional vertical contour 

correction, and a diagram showing the movement of scanning 

lines in the conventional vertical contour correction. 

Best Mode for Carrying Out the Invention 

20 Fig. 1 is a block diagram showing the overall 

configuration of a video display apparatus according to one 

embodiment of the present invention. 

The video display apparatus shown in Fig. 1 comprises 

a video signal processing circuit l, a chrominance signal 
.. . 

25 reproduction circuit 2, a synchronizing signal separation 
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circuit 3, a cathode ray tube (CRT) 4, a horizontal. defl.ection 

circuit 5, a horizontal velocity modulation circuit 6, a high 

vol.tage output circuit 7, a vertical deflection circuit 8, 

and a vertical velocity modulation circuit 9. A horizontal 

5 deflection coil LH, a horizontal. velocity modulation coil 

VMH, a vertical. deflection coil LV, and a vertical velocity 

modulation coil VMV are mounted on the cathode ray tube 4. 

The video signal processing circuit 1 separates a 

luminance signal. and a color difference signal. from a video 

10 signal and outputs the s:Lgnals, and feeds the video signal 

to the synchronizing signal. separation circuit 3. The 

chrominance signal reproduction circuit 2 reproduces a 

chrominance signal from the luminance signal. and the color 

difference signal. which are outputted from the video signal. 

15 processing circuit 1, and feeds the chrominance signal as a 

display signal C to the cathode ray tube 4. The synchronizing 

signal separating circuit 3 extracts a horizontal 

synchronizing signal H and a vertical synchronizing signal 

V from the video signal fed from the video signal. processing 

20 circuit 1 • 

The horizontal deflection circuit 5 comprises a 

horizontal driving circuit, a horizontal output circuit, a 

distortion correction circuit, a l.inearity correction 

circuit, and an s shaped correction capacitor. The 

25 horizontal defl.ection circuit s feeds a saw tooth horizontal 
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def1ection signal (a horizontal deflecting current) to the 

hori.zontal defl.ection coil. LH in order to deflect an el.ectron 

beam in the horizontal direction in the cathode ray tube 4 

in synchronization with a hori_zontal synchronizing signal. H 

5 outputted from the image signal processing circuit l. 

The horizontal velocity modulation circuit 6 compri.ses 

a pre-driving ci.rcui.t, a horizontal. ve1ocity modu1ation 

driving circuit; and so forth, and feeds, on the basis of a 

l.uminance signal Y outputted from the video signal. processing 

10 circuit l, a horizontal velocity modul.ation signal (a 

horizontal. vel.ocity modulating current) for modulating the 

veJ.oci ty of the electron beam in the horizontal direction in 

the cathode ray tube 4 to the horizontal velocity modulation 

coil VMH, to make horizontal contour correction. 

15 The high voltage output circuit 7 comprises a hi.gh 

voltage driving circuit, a fl.yback transformer, a dynamic 

automatic focusing control. circuit, and a dynamic automatic 

focusing output circuit, and applies a high voltage to the 

cathode ray tube 4 in order to carry out focusing control, 

20 for example • 

25 

I. 

The vertical deflection circuit 8 comprises a vertical 

output c.ircuit. and feeds a saw tooth vertical deflection 

signal (a vertical deflecting current) to the vertical 

deflection coi.l LV in order to deflect the electron beam in 

the vertical direction in the cathode ray tube 4 in 



' .. · .. ... 

W099/65227 PCf /JP99/03035 

35 

synchronization with the horizontal synchronizing signal H 

and the vertical synchronizing signal. V which are outputted 

from the video signal. processing circuit 1. 

The vertical vel.ocity modulation circuit 9 has a 

5 configuration shown in Fig. 5 described later. and feeds a 

vertical. vel.ocity modul.ation signal (a vertical velocity 

modul.ating current) SF for modulating the velocity of the 

electron beam in the vertical direction in the cathode ray 

tube 4 to the vertical velocity modulation coil VMV on the 

10 basis of the J.uminance signal Y and the horizontal 

synchronizing signal H which are outputted from the video 

signal processing circuit 1, to make vertical contour 

correction. 

The video display apparatus according to the present 

15 embodiment performs bidirectional scanning and performs 

modulation of the scanning speed in the vertical direction 

(hereinafter referred to as vertical velocity modulation}. 

Referring now to Figs. 2 and 3, description is made of 

vertical contour correction by the vertical vel.ocity 

20 modulation performed_ in the video display apparatus 

according to the present embodiment. 

Fig. 2 (a) is a diagram showing an example of luminance 

distribution in the vertical direction before the vertical 

contour correction, and Fig. 2 (b) is a diagram showing an 

25 example of luminance distribution in the vertical. direc-tion 
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after the vertical contour correction. The respective 

original luminances of scanning lines Ll to L7 are indicated 

by pl to p7. The luminances pl and p7 of the scanning 11.nes 

Ll and L 7 are low, the luminances p2 and p6 of the scanning 

5 lines L2 and L6 are slightly high, and the luminances p3, p4. 

and pS of the scanning lines L3, L4, and LS are highest. 

As shown in Fig. 2 (a), when the intervals among the 

scanning lines Ll :to L 7 are ·equal, the scanning lines Ll and 

L7 having the low luminance are affected by the respective 

10 adjacent scanning lines L2 and L6 having the high luminance. 

Consequentl.y. the luminances of the scanning lines Ll and L7 

are higher than the original luminances pl and p7, so that 

the scanning lines Ll and L7 look whi.ter than a color of the 

original. lWlii.nances. As a result. the contour in the vertical 

15 direction of a reproduced image looks blurred. 

As shown in Fig. 2 (b), the scanning lines L2 and L6 

having the high luminance are shifted in the direction away 

from the respecti.ve adjacent scanning lines Ll and L7 having 

the low luminance. Consequently, the scanning lines Ll and 

20 L7 having the low luminance are not easily affected by the 

respective adjacent scanning lines L2 and L6 having the high 

luminance, so that the lum.inance.s of_ the scanning liens Ll 

and L7 enter their original low l.evel. Further, the scanning 

lines L2 and L6 having the high luminance are in closer 

25 proximity to the scanning lines having the higher luminance. 

,, 
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Consequently. the luminances of the scanning lines· L2 and L6 

enter a level higher than that of the origin«:l1 luminances p2 

and P6. to approach a wh.1. te level. As a result. the contour 

in the vertical direction of the reproduced image is 

5 emphasized. 

Fig. 3 (a) is a diagram showing scanning lines before 

the vertical contour correction and an example of the 

luminance distribution. and Fig. 3 (b) is a diagram showing 

scanning lines after the vertical contour correction and an 

10 example of the luminance distribution. 

15 

In Figs. 3 (a) and 3 (b), the luminance of the scanning 

lines L1. L2, L6 and L7 is taken as 10 %, the luminance of 

the scanning lines L3 and LS is taken as 70 %, and the 

luminance of the scanning line L4 is taken as 100 t. 

As shown in Fig. 3 (a), the scanning liens L3 and LS 

having the luminance of 70 tare respectively adjacent to the 

scanning lines L2 and L6 having the luminance of 10 t. In 

this case, as shown in Fig. 3 ( b) • the scanning lines L3 and 

LS having the high luminance are respectively moved farther 

20 apart from the scanning lines L2 and L6 having the low 

luminance. Consequently, the scanning lines L2 and L6 having 

the low luminance are not easily affected by the scanning 

lines L3 and LS having the high luminance. 

By thus moving the br:lght scanning line farther apart 

·-
25 from the dark scanning line, the originally dark scanning 
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l.ine looks darker, and the origina11y bright scanning l.ine 

1ooks .. br:i.ghter. As a resul. t, the contour in the vertical. 

direction of the image is emphasized. 

In bid1rect1ona1 scanning, the scanning 1ines ~ust be 

5 scanned in directions paral.lel to each other on a screen. 

Referring to Fig. 4, description is made of parallel 

scanning. In tbe fo1l.ow1ng description, forward scanning and 

backward scanning in the bidirectional. scanning are 

respectively referred to as trace and retrace. 

10 Fig. 4 (a) is a waveform diagram of a vertical. defl.ection 

signal. IV outputted from the vertical. deflection circuit 8 

· shown in Fig. 1, · Fig. 4 ( b) is a waveform diagram of a para11el 

scanning signal. SA outputted from a parallel scanning circuit 

11 described later, and Fig. 4 (c) is a diagram showing 

15 parallel. scanning. based on the vertical. deflection si.gnal. IV 

and the paral.l.e1 scanning signal SA. In Fig. 4 (c), the number 

of scanning lines is taken as m. 

The period of the vertical. deflection signal. IV shown 

1.n Fig. 4 (a) is. equal. to the period of the vertical. 

20 synchronizing signal V, and the period of the parallel 

scanning s.ignal SA shown in Fig. 4 -(b) 1.s equal to the perJ.od 

of the horizontal. synchronizing signal H. An electron beam 

is def J.ected downward from the top in a step shape for each 

horizontal scanning period in one vertical soanni.ng period 

25 by the vertical deflection signal. rv and the parallel 

; I I 



wo· 99/65227 PCT/JP99/03035 

39 

scanning signal. SA, and is deflected rightward from the l.eft 

or leftward from the right by the horizontal deflection 

signal outputted from the horizontal defl.ection circuit 5 

shown in Fig. 1. Consequently. the parallel. scanning of the 

5 electron beam on the screen is performed, as shown in Fig. 

4 (c). 

Fig. 5 is a block diagram showing the configuration of 

the vertical. vel.ocitymodul.ation circuit 9 shown in Fig. l. 

Fig. 6 (a) is a diagram showing an example of scanning l.ines 

10 before the vertical. contour correction, and Fig. 6 (b) is a 

diagram showing an example of scanning l.ines after the 

vertical. contour correction. Further, Fig. 7 is a signal 

waveform diagram showing the operation of the vertical. 

vel.ocity modul.ation circuit 9 shown in Fig. 5. 

15 In .Fig. 5, the vertical vel.ocity modulation circuit 9 

comprises a parall.el scanning circuit 11, a vertical 

correl.ation detection circuit 12 • a retrace period reversion 

circuit 13, a cl.amping circuit 14, a synthesizing circuit 15. 

an amplifier 16, and a CPU (Central Processing Unit) 17. A 

20 gain control. signal. SG is fed from the CPU 17 to the amplifier 

16. 

In the present embodiment. the horizontal. defl.ection 

circuit 5 and the horizontal deflection coil LH correspond 

to horizontal defl.ection means, the vertical. deflection 

25 circuit 8 and the vertical. defl.ection coil. LV correspond to 
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vertical deflection means. and the vertical vel.oc:Lty 

modulation circuit 9 and the vertical velocity modulation 

coil VMV correspond to vertical velocity modulation.means. 

Further. the parallel scanning circuit 11 corresponds to 

5 parallel scanning me1;1.ns. the vert.ical. correlation detection 

circuit 12, the retrace period reversion circuit 13, and the 

clamping circuit 14 constitute movement control means, and 

the syntbesiz1.ng circuit 15 corresponds to synthesis means. 

Further, the clamping circuit 14 corre.sponds to clamping 

10 means, and the CPU 17 correspo~ds to gain control means. 

Referring now to the si.gnal waveform d:Lagram of Pig. 

7, description is made of the operation of the vertical 

veloc:lty modulation circuit shown in Fig. S. Here, a case 

where the reproduced image shown in Pig. 6 1.s displayed will 

15 be described• 

Although a si.gn.al is actual.ly delayed for each 

horizontal scanning period, respectiveJ.y. in the vertical 

correlation detection. circuit 12 and the retrace period 

reversion circuit 13, described later. the delay of the 

20 signal is not considered .in order to •ake conceptual 

understanding of the present embodiment easy in the signal 

waveform diagram of Fig. 7. 

As shown in Pig. 6 (a). the lwninances of the scanning 

lines Ll. L2, LS, and L6 are high, and the .1wninance of a part 

25 of each of the scanning lines L3 and L4 is 1ow. In th:ls case, 
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as shown in Fig. 6 (b), a part of the scanning line L2 adjacent 

to a low J.uminescent part of the scanning line L3 is shifted 

in the direction away from the scanning line L3. A part of 

the scanning line LS adjacent to a low luminance part of the 

s scanning line L4 is shifted in the direction away from the 

scanning line L4. 

The paral.lel scanning circuit 11 shown in Fig. 5 outputs 

a saw tooth parallel scanning signal SA in synchronization 

with the horizontal synchronizing signal H. The vertical 

10 correlation detection circuit 12 detects a portion where the 

change in the luminance in the vertical direction exceeds a 

predetermined value on the basis of the luminance signal Y, 

and outputs a movement control signal SB representing the 

distance of movement on the screen of the scanning line. 

15 In this example, a pulse Pl representing a negative 

d:i.stance of movement on the screen and a pul.se P2 representing 

a positive distance of movement on the screen appear in the 

movement control signal SB. In this case, the scanning line 

i.s shifted upward at a point of the pulse Pl, and the scanning 

20 line is shifted downward at a point of the pul.se P2. 

The retrace period reversion circuit 13 outputs the 

movement control signal SB outputted from the vertical 

correlation detection circuit 12 as it is in a trace period, 

reverses the time axis of the movement control signal SB 

25 outputted from the vertical correlation detection circui·t i2 
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in a retrace period, and outputs an obtained signal as a 

movement control signal SC. The movement control signal SC 

changes such that the average.voltage level is zero. 

The clamping circuit 14 clamps the movement control 

5 signal SC outputted from the retrac:e period reversion circuit 

13 to a predetermined DC voltage V0 at the timing of the 

horizontal. synchronizing signal H, and outputs the clamped 

movement control signal SD. 

The synthesizing circu.it 15 synthesizes the parallel 

10 scanning signal SA outputted from the. parallel scanning. 

circuit 11 and the movement control. signal SD outputted from 

the clamping circuit 14, and outputs a synthesized signal as 

a vertical. vel.ocity modulation signal. SE. 

The amplifier 16 amplifies the vertical velocity 

15 modulation signa.l SE outputted from the synthesizing circuit 

15 by gain set by the gain control signal. SG, and drives the 

vertical velocity modulation coil VMV by the amp.lified 

vertical velocity modulation signa.l SF. 

The gain of the amplifier 16 can be.control.led by the 

20 gain control signal SG. Consequently, the intervals among 

the scanning lines can be adjusted, as shown in Fig. 8. Figs. 

8 (a) ·and 8 (b) are diagrams respectively showing 

bidirectional progressive scanning of different numbers of 

·scanning lines. 
.. . 

25 In the bidirectional. progressive scanning shown in Fig. 

1: 
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8 (b). the number of scanning l:i..nes is two, and the interval 

between the scanni.ng lines :Ls one-half. as compared with that 

in the bidirectional progressive scanning shown in Fig. 8 

(a). 

For example, the gain of the amplifier 16 is set to two 

in the case of bidirectional progressive scanning of 525 

scanning lines, while being set to one in the case of 

bidirectional progressive scann:i..ng of 1050 scanning lines. 

in Fig. 7, the waveform of the verti.cal velocity modulation 

10 signal SF :i..n a case where the gain is two .i.s indicated by a 

broken line, and the waveform of the vertical velocity 

modulation signal SF in a case where the gain is one is 

indicated by a solid line. 

By controlling the gain of the ampli.fier 16, interval.s 

15 A L2 and A L4 among scanning lines in an upper part and a lower. 

part of a screen can be set to values larger than intervals 

ALl and AL3 among scanning lines at the center of the screen, 

as shown in Figs. 8 (a) and 8 (b). Conseg:uentl.y, it is 

possible to correct the effect of curved shapes in an upper 

20 part and a lower part of the surface of the cathode ray tube 

4 shown in Fig. 1. In this case, the distance of movement 

on the screen of the scanning line by vertical velocity 

modulation in the upper part and the lower part of the screen 

is larger than the distance of movement on the screen of -the 

25 scanning line by vertical velocity modulation at the center 
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of the screen. 

Fig. 9 is a block di.agram showing the conf igurati9n of 

the vertical correlation detection circuit 12 shown in Fig. 

5. 

5 In Fig. 9, the vertical correlation detection circuit 

12 comprises an A/D (Analog-to-Digital} converter 21, a 

rounding circuit 22, delay circuits 23 and 24, an inverter 

25, an adder 26, a rise and fall edge detection unit 27, a 

movement distance setting unit 28, and an AND gate 29. 

10 The A/D converter 21 converts the luminance signal. Y 

fed from the video signal. processing circuit l shown in Fig~ 

1 into a 8-bit digital signal. The digital signal is 

represented by a binary number with no sign. The rounding 

circuit 22 subjects the 8-bit digital signal outputted from 

15 the A/D converter 21 to rounding processing, to output a 4-bit 

digital signal a. 

The delay circuit 23 delays the digital. signal. a 

outputted from the rounding circuit 22 by one horizontal 

scanning period, to output a delayed 4-bit digital signal b. 

20 The delay circuit 24 delays the digital signal b outputted 

from the del.ay circuit 23 by one horizontal scanning period, 

to output a delayed 4-bit digital signal c. 

The· inverter 25 inverts the digi.tal signa1 c outputted 

from the de1ay circuit 24. The adder 26 adds the digital 
. 

25 signal a outputted from the rounding circuit 22 and the 

; ,., 
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digital signal outputted from the inverter 25 together. 

consequently, the result of subtraction (a - c) of the digital 

signal c from the digital si.gnal a is obtained. The result 

of the subtraction (a - c) of the digital signal c from the 

s digital signal a 1.s represented by a two's complement. That 

is, the result of the subtraction (a - c) represents a 

negative number when the MSB (Most Significant Bit) thereof 

is 11 1•, while represe:liti.ng a positive number when it :is •o•. 

The result of the subtraction (a - c) is given to the rise 

10 and fall edge detection unit 27. 

A 4-bit threshol.d value MAGTH 1.s previously g1.ven from 

the CPU 1 7 shown in Fig. 5 to the rise and fall edge detection 

uni.t 27. The rise and fall edge detection un1.t 27 outputs 

an edge presence or absence signal e and a rise and f~l.l. edge 

15 judgment signal d on the basis of the result of the 

subtraction (a - c) given from the adder 26. A change poi.nt 

from a low luminance to a high luminance in the verti.cal 

direction is referred to as an upper edge, and a change point 

from a high l.uminance to a low luminance is ref erred to as 

20 a lower edge. 

The rise and fall edge detecti.on unit 27 judges that 

there 1.s an upper edge when the MSB of the result of the 

subtraction (a~ c) is •o•, that is, a - c :i?: O, to set the 

rise and fall edge judgment s1.gnal d to •1•. On the other 

25 hand, the rise and fall edge detection unit 27 judge~ that 
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there is a lower edge when the MSB of the result ·of the 

subtraction (a - c) is • 1"', that i.s, a - c < 0, to set the 

rise and fall. edge judgment signal·d to •o•. Further, the 

rise and fall. edge detection unit 27 judges that there is an 

5 upper edge or a lower edge when the result of the subtraction 

(a - c) is other than zero, to set the edge presence or absence 

signal e to •1•, while judging that there is no upper edge 

and lower edge when the resul. t of the subtraction (a - c) is 

zero, t~ set the edge presence or abs.ence signal e to "o • . 

10 A movement distance conversion table is set by eight 

4-bit constants MTHn previously given from the CPU 17 in the 

movement distance setting unit 28;. where n = o, l, 2, 3 ,· 4, 

5, 6, and 7. The movement distance setting unit 28 determines 

the distance of movement. on the screen on the basis of the 

15 digital signal b outputted from the delay circuit 23, the edge 

presence or absence signal e and the rise and fall edge 

judgment signa1 d which are outputted from the rise and fall 

edge detection unit 2 7, and the movement distance conversion 

table. 

20 Fig. 10 is a diagram showing a first example of the 

movement distance conversion tab1e. In th.e example shown in 

F.ig. 10, the amounts of movement •oooo•, •0001•, "0010", 

•0011 •, "0100'", •0101 ·, "0110", and •0111 • are respectively 

set at constants MTHO; M'l'Hl, MTH2, MTH3, MTH4, MTHS, MTH6, 

25 and M'l'll7. 
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The movement distance setting unit 28 se1ects the 

distance of movement on the screen set at the constant MTHn 

having a va1ue of n which coincides with the va1ue of the 

digital signal b. For example, when the val.ue of the dig1.tal 

5 signal b is four, the distance of movement on the screen 

·0100• {= 4) set at the constant MTH4 is selected. 

The movement distance setting unit 28 outputs the 

selected distance of movement on the screen as it is when the 

rise and fall edge judgment signal d is • o", while converting 

10 the distance of movement on the screen to a negative value 

and outputting the negative value when the rise and fal.l edge 

judgment signal- d is • 1 • • The movement distance setting unit 

2 8 converts the selected d:l.stance of movement on the screen 

into zero and outputs the zero when the edge presence or 

15 absence s:l.gnal e is • O • . That is, when there 1s no upper edge 

or lower edge. the distance of movement on the screen -of the 

scanning 1ine is zero. 

The distance of movement on the screen outputted from 

the movement distance setting unit 28 is given to one input 

20 terminal of the AND gate 29, while a vertical ve1ocity 

modulation on-off signal VVMON is fed to the other input 

terminal thereof. When the vertical velocity modulation 

on-off signal VVMON is • 1 •, vertical velocity ~odulation is 

on. In this case, the AND gate 29 outputs the distance of 

25 movement on the screen given from the movement distance 
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setting unit 28. On the other.hand, when the.vertical 

velocity modulation on-of.£ signal. VVMON is "O", vertical. 

velocity modulation is off. ln this case, an output signal 

of the AND gate 29 ~s "O". The output signal of the AND gate 

5 29 is fed to the retrace period reversion circuit 13 shown 

in Fig. 5 as the movement control. signal SB. 

10 

The movement distance conversion table set in the 

movement distance setting unit 28 can be arbitrarily altered 

by the CPU 17. 

Fig. 11 is a diagram showing a second example of the 

movement di.stance conversion table. In the exampl.e shown in 

Fig. 11. the distance of movement on the screen "0000".is set 

at constants MTHO, MTHl, and MTH2. Further, the distances 

of movement "0011", "0100". •0101", ·0110". and "0111" are 

15 respectively set at constants MTH3, MTH4, MTHS, MTH6, and 

MTH7. In this case, when the value of the digital signal. b 

is not more than two, the distance of movement on the screen 

of the scanning line is zero. That is, the scanning line whose 

luminance is not more than.· a predetermined J.evel. is not 

20 shifted. 

Fig. 12 is a diagram showing a third example of the 

movement distance conversion tabl.e. In the example shown in 

Fig. 12, the distance of movement on the screen "0000" is set 

at constants MTl:IO, MTHl. MTH2, and M'l'H3, and the distance of 

25 movement on the screen "0111" is set at constants MTH4, M'l'.HS·, 

i 11: 
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MTH6, and MTH7. In this case, the scanning 1ines whose 

iuminances are not less than a predetermined leve1 are 

uniformiy shifted by the same distance of movement on the 

screen. 

Fig. 13 is a diagram showing a fourth example of the 

movement distance conversion table. In the example shown in 

Fig. 13, the distance of movement on the screen •oooo• is set 

at constants MTHO, MTHl, and MTH2, and the amounts of movement 

·0001•, ·0010•, ftoo11•, •0100•, and •0101• are respectively 

10 set at constants MTH3. NTH4, MTHS, MTH6, and MTH7. In this 

case, coring processing for removing the effect of noise is 

performed. 

Fig. 14 is a bl.ock diagram showing the configuration 

of the retrace period reversion circuit 13 shown in Fig. s. 

15 As shown in Fig. 14, the retrace period reversion. 

·circuit 13 comprises memories 41 and 42, a selection circuit 

43, a D/A (Digital-to-Analog) converter 44, a capacitor 45, 

and a control. circuit 46. The memory 41 is used for storing 

data in a trace period. The memory 42 is used for storing 

20 data in a retrace period. 

The control circuit 46 generates a write enable signal 

TWRE, a write address signal TWADR, a read enable signal TRDE, 

a read address signal TRADR, a write enab1e signal RWRE, a 

write address signal RWADR, a read enable signal RRDB, a read 

25 address signal. RRADR, ·and a sel.ect:l.on signal SEL. 
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The wr:i.te enable si.gnal TWRE, the write address signal 

TWADR, the read enable signal TROE, and the read address 

signal TRADR are fed to the memory 41. The write enable signal. 

RWRE, the write address signal RWADR, the read enabl.e signal 

5 RRDE, and the read address signal RRADR are fed to the memory 

42. The selection signal SBL is fed to the selection circuit 

43. 

The movement control signal SB outputted from the 

vertical correlati.on detection circuit 12 shown in Fig. 9 is 

10 fed as input data DI to the memories 41 and 42. Data read 

out of the memories 41 and 42 are.respectively fed to one input 

termi.nal Sl and the other input termi.nal S2 of the sel.ection 

circuit 43. 

The selection circuit 43 sele.cts the data fed to the 

15 one input terminal Sl and the other input terminal S2 in 

response to the selection signal SEL, and feeds the selected 

data as output data DO to the D/A converter 44. The D/A 

converter 44 converts the data fed from the selection c:l.rcui t 

43 into an anal.og signal., and feeds the analog signal to one 

20 terminal of the capaoi tor 45. A movement control signal SC 

is outputted from the other terminal of the capacitor 45. A 

DC component of the output signal of the D/A converter 44 is 

removed by the capacitor 45. Consequentl.y, the movement 

control s:l.gnal SC changes such that the average voltage level 
. . 

25 .is zero. The movement control signal. SC 1.s fed to the cl.amping 

I. : ;·1 
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circuit 14 shown in Fig. 5. 

Although in the example shown in Fig. 9, the 8-bit 

digital signal outputted from the A/D converter 21 is 

converted into the 4-bit digital signal by the rounding 

5 circuit 22, the 8-bit digital signal. outputted from the A/D 

converter 21 may be fed to the delay circuit 23 and the adder 

26 without providing the rounding circuit 22. The number of 

bi ts composing each of the digital signals a, b, and c is not 

limited to four or eight. For example, the number of bits 

10 may be set to other numbers. 

Fig. 15 is a timing chart showing the operation. of the 

retrace period reversion circuit 13 shown in Fig. 14. 

The input data DI in one horizontal scanning period is 

represented by o to N. Addresses at which the input data o 

15 to N are stored in each of the memories 41 and 42 are similarl.y 

represented by O to N. The write enable signal. TWRE, the read 

enable signal TROE, the write enabl.e signal RWRE, and the read 

enable signal RRDE represent an enable state when they are 

at a low level. 

20 The write enable signal TWRE fed to the memory 41 first 

25 

enters an. enable state. At this time, the write address 

signal TWADR is fed to the addresses O to N in the memory 41 

in this order •. Consequently, the input data DI is written 

into the addresses o to N in the memory 41 in this order. 

The read enable signal. TRDE fed to the memory 41 then 
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enters an enab1e state. At this ti.me, the read address signal 

TRADR is fed to the addresses O to Nin the memory 41 in this 

order. Consequent1y. the data is read out of the addresses 

O to N in the memory 41 in this order. 

When the read enable signal TRDB fed to the memory 41 

enters an enabl.e state, the write enabl.e signal. RWRE fed to 

the memory 42 enters an enable state. At this time, the write 

address signal RWADR is fed to the addresses O to N in the 

memory 42 i"n this order. Consequentl.y. the input da~a DI is 

10 written into the addresses O to N in the memory 42 in this 

··order. 

When the wr:Lte enable signal TWRB fed to the memory 41 

is in an enabl.e state .. the read enable signal. RRDE fed to the 

memory 42 then enters an enable state. At this time. the read 

15 address signal RRADR is fed.to the addresses N to O in the 

memory 42 in this order. Consequently. the data is read out 

of the addresses N to O in the memory 42 in this order. 

The above-mentioned operations are alternately 

repeated. The selection circuit 43 selectively outputs as 

20 the output data DO fed to the input terminal Sl at the time 

of a read~ng operation from the memory 41. and selectively 

outputs as the output data DO. fed to the input terminal S2 

at the time of a reading operation from the memory 42. 

Consequently, data read 'out of the memory 41 in a trace 
. . 

25 period is the output data DO, and data read out of the memory 

L 
I f I 
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42 in a retrace period is the output data DO. In the memory 

42, data is read out in the order reverse to the order in which 

the data is written, so that the output data DO whose time 

axis is reversed is obtained in the retrace period. 

In the video display apparatus according to the present 

embodiment, a part of a scanning line having a high luminance 

is shifted in the di.rection away from a part of an adjacent 

scanning line having a low luminance in bidirectional 

progressive scanning. Therefore, the contour in the vertical 

10 direction of an image having a high density is emphasized, 

so that a sharp image is obtained. As a resu:Lt, the quality 

of a reproduced image is increased. 

Parallel scanning and vertical contour correction in 

the bidirectional. progressi.ve scanning are performed by the 

15 common vertica:L velocity modulation coil VMV, so that the 

video display apparatus i.s miniaturized and is reduced in 

cost. 

Furthermore, the movement control signal SD is clamped 

to a predetermined voltage by the clamping circuit 14, so that 

20 the part of each of the scanning lines moves from its original 

reference. position in a luminance change portion in the 

vertical direction while being held·in the original reference 

position. Consequently, the image guali ty is preve~ted from 

being degraded by the shift of the scanning line. 

25 Since the luminance change portion is detected in the 
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vertical. direction by the vertical correlation detection 

circuit 12 before the time axis of the movement control. signal 

is reverse_d by the retrace period reversion circuit 13 1 the 

configuration of the vertical correlation detection circuit 

5 12 is not complicated, thereby reducing the circuit scale. 

Fig. 16 is a bl.ock diagram showing another exampl.e of 

the configuration of the vertical correlation detection 

circuit 12 shown in Fig. 5. 

The vertical correlation detection circuit 12 shown in 

10 Fig. 16 comprises an A/D converter 61, delay circuits 6 2 1 6 3, 

64, and 65, an edge height detection unit 66, conversion 

tables 67 and 68, a multiplier 69, a del.ay circuit 70, a 

limiter 71, and an AND gate 72, and a singular point detection 

unit 73. 

15 The A/D converter 61 converts the luminance signal Y 

fed from the video signa.l processing circuit 1 shown in Fig. 

1 into a 8-bit digital signal al. The delay ci.rcuit 62 del.ays 

the digital signal al outputted from the A/D converter 61 by 

one horizontal scanning period, and outputs a delayed 8-bit 

20 digital. signal bl. The delay circuit 63 del.ays the digital 

signal bl outputted from the delay circuit 62 by one 

horizontal scanning period, and outputs a delayed 8-bit 

digital signal. cl. 'l'he delay circuit 64 delays the digital 

signal cl outputted from the delay circuit 63 by one 

25 horizontal scanning period, and outputs a delayed 8-bit · 

! i I 
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digital signal dl. The delay circuit 6S delays the digital 

signal dl outputted from the delay circuit 64 by one 

horizontal scanning period. and outputs a delayed 8-bit 

digital. signal el. 

The edge height detection unit 66 calculates the 

difference between the digital signal. el outputted from the 

delay circuit 65 and the digital. signal al outputted from the 

A/D converter 61. and outputs the difference as an edge height 

signal. fl. 

The digital signal cl outputted from the delay circuit 

63 corresponds to the l.uminance of a part of a scanning line 

to be an object. the digital signal el outputted from the 

del.ay circuit 6S corresponds to the l.uminance of a part of 

a scanning l.ine two horizontal. scanning periods ahead of the 

15 part of the scanning line to be the object. and the digital 

signal al outputted from the A/D converter 61 corresponds to 

the luminance of a part of a scanning line two horizontal 

scanning periods behind the part of the scanning line to be 

the object. Consequent·1y, the edge height signal fl 

20 represents the difference between the 1um1nance of the part 

of the scanning line two horizontal. scanning periods ahead 

of and the luminance of the part of the scanning line two 

horizontal scanning periods behind the part of the scanning 

line to be the object. 

25 The conversion 'table 67 converts the edge height signal. 
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fl such that the part of the scanning line to be the object 

moves up and ·down when its edge height is not less than a 

predetermined value, and outputs a conversion signal gl. on 

the other hand, the conversion table 68 converts the digital 

5 signal cl outputted from the delay. circuit 63 in a method, 

described later. ·such that the part of the scanning J.ine to 

be the object moves up and down when the luminance of the 

scanning line to be the object is not less than a 

predetermined value, and outputs a conversion signal bl. 

10 The multiplier 69 multiples the conversion signal. gl 

outputted from the conversion table 67 and the conversion 

signal hl outputted from the conversion table 68 together, 

and outputs the result of the multiplication as a movement 

control. signal. The delay circuit 70 delays the movement 

15 control signal outputted from the multiplier 69 by one 

horizontal scanning period. The delay circuit 70 is provided 

in order that the delay time of the signal from the delay 

circuit 62 to the limiter 71 through the multiplier 69 and 

the delay time of the signal in the singular point detect.ion 

20 unit 73, described J.ater, synchronized with each other. 

25 

The limiter 71 limits the distance of movement on the 

screen of the scanning line to be the object on the basis of 

a singular point detection signal Hl fed from the $1ngular 

point detection unit 73. That is. the. limiter 71 1imi.ts the 

movement control signal outputted from the delay "circuit 7o 

: I 1 
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to half when a singular point is detected by the singular 

point detection unit 73, while outputting the movement 

control signal outputted from the delay circuit 70 as it is 

when no singular point is detected by the singular point 

S detection unit 73. 

The movement control signal outputted from the limiter 

71 is fed to one input terminal of the AND gate 72, and a 

vertical velocity modulation on-off signal VVMON is fed to 

the other input terminal thereof. When the vertical velocity 

10 modulation on-off signal VVMON is •1", vertical velocity 

modulation is on. In this case, the AND gate 72 outputs the 

movement control signal fed from the limiter 71. On the other 

hand, when the vertical velocity modulation on-off signal 

VVMON is wo•, vertical velocity modulation is off. In this 

15 case, the output signal of the AND gate 72 is wo". The output 

signal of the AND gate 72 is fed as the movement control sl.gnal 

SB to the retrace period reversion circuit 13 shown in Fig. 

5. 

Fig. 17 (a) is a diagram showing an example of the 

20 characteristics of the conversion table 67. In the example 

shown in Fig. 17 (a). the value of the conversion signal gl 

is changed from O to 2.0 depending on the value of the edge 

height signal. fl. When the value of the edge height signal 

fl is smaller than a predetermined value, the value of the 

25 conversion signal gl becomes zero. That is, vertical 
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velocity modu1ation is effective in a portion where the edge 

height is large. When the edge height is smaller than the 

predetermined value. therefore, the distance of movement on 

the screen of the scanning line is set to zero by coring 

5 processing such that no vertical velocity modulation is 

performed. 

In this case. the edge height corresponds to the 

difference between the luminance of the part of the scanning 

line two horizontal ~canning periods ahead of and the 

10 luminance of the part of the scanning line two horizontal 

scanning periods behind the part of the scanning line to be 

the object • 

.. When the value of the edge· height signal f 1 is not less 

than the predetermined value. the value of the conversion 

·15 si.gnal gl increases depending on the value of the edge height 

signal fl. That is. the larger the edge height is, the larger 

the distance of movement on the screen of the scanning line 

is set. In this case, an increase start point Pa and an 

inclination of a characteristic line La are used as 

20 parameters for .image quality correction, and are set to. their 

most effective states. The characteristic line La may be a 

primary curve or a secondary cµrve. Alternatively, it may 

be another curve. The value 1. O of the convers1.on signal gl 

corresponds to the interval petween the two scanning lines. 

25 Fig. 17 (b) is. a diagram showing an example of the 

I; 
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characteristics of the conversion tab1e 68. In the example 

shown in Fig. 17 (b), the value of the conversion signa1 hl 

is changed from o to 1. O depending on the va1ue of the digi ta1 

signa1 cl. When the value of the data signa1 cl is sma11er 

s than a predetermined va1ue, the value of the conversion 

signa1 hl becomes zero. That is, vertical ve1ocity 

modulation is effective in a case where the 1wninance of the 

part of the scanning l:ine to be the object is high. When the 

luminance is 1ower than the predetermined va1ue, therefore, 

10 the distance of movement on the screen of the scanning line 

is set to zero by coring processing such that no vertical. 

ve1ocity modulation is performed. 

When the value of the d:l.gital signal cl is not l.ess than 

the predetermined val.ue, the val.ue of the conversion signal. 

15 hl increases depending on the va1ue of the digital. signal. cl. 

'!'hat is, the higher the l.uminance of the scanning l.1ne to be 

an object is, the l.arger the distance of movement on the 

screen of the scanning line is set. In this case, an increase 

start point Pa and an inclination of a characteristic line 

20 Lb are used as parameters for image quality correction, and 

are set to their most effective states. The characteristic 

line Lb may be a primary curve or a secondary curve. 

Al tern a ti vely, it may be another curve. The value 1 • O of the 

conversion signal hl corresponds to the interval. between the 

25 two scanning lines. 
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Fig. 18 is a diagram showing an example of the vertical. 

velocity modulation by the vertical. correlation detection 

circuit 12 shown in Fig. 16, where Fig. 18 (a) illustrates 

a rise edge (an upper edge), and Fig. 18 (b) illustrates a 

5 fall edge (a lower edge). 

In Fig. 18, the luminances of scanning lines LO to L9 

are respectively indicated by PO to P9. '!'he scanning lines 

Ll, L3. L7, and L9 respectively indicated by hatched circles 

are scann.ing l.ines obtained by interpolat1on processing. 

10 In the example shown in Fig. 18 (a), the respective 

l.uminances P2 to P6 of the scanning line L2 to the scanning 

line L6 are gradual.l.y :Lncreased. Since the .luminance P3 of 

the scanning li.ne I.3 is lower than a predetermined threshol.d 

level. ETH, so that the scanning .line L3 does not move. .Since 

15 the luminance P4 of the scanning line L4 and the luminance 

PS of the scanning line LS exceed the predetermi.ned threshold 

level. ETH, the scanning line L4 and the scanning line LS so 

moves as to approach the scanning line L6 • The three scanning 

lines L4, LS. and L6 are thus concentrated, thereby obta:l.ning 

20 a sharp image whose contour in the vertical direction is 

emphasized. As a result, the quality of a reproduced image 

is increased. 

In the example shown in Fig. 18 (b), the respective 

luminances P3 to P7 of the scanning line L3 to the scanning 

25 11.ne L 7 are gradually decreased.. Since the luminance P.6 of 

i i I 
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the scanning l.ine L6 is lower than a predetermined threshol.d 

l.evel. ETH, so that the scanning line L6 does not move. Since 

the l.uminance P4 of the scanning l.ine L4 and the l.uminance 

PS of the scanning line LS exceed the predetermined threshol.d 

s 1evel. ETH, the scanning line L4 and the scanni.ng l.ine LS so 

moves as to approach the scanning line L3. The three scanning 

lines L3, L4, and LS are thus concentrated, thereby obtaining 

a sharp image whose contour in the vertical. di.rection is 

emphasized. As a result, the qual.i ty of a reproduced image 

10 is increased. 

Fig. 19 is a block diagram showing an exampl.e of the 

configuration of the singular point detection unit 73. shown 

in Fig. 16. 

As shown in Fig. 19, the singul.ar point detection unit 

15 73 comprises a binary-coding unit 111, del.ay circuits 112, 

113, 114, and 115. inverters 116. 117. 118, and 119, AND. gates 

120 and 121, and an OR gate 122. 

A predetermined threshold val.ue th is given to the 

binary-coding unit 111. The binary-coding unit 111 

20 binary-codes the digital. signal. al outputted from the A/D 

converter 61 shown in Fig. 16 on the basis of the threshol.d 

val.ue th. and outputs a one-bit digital. signal Al . The del.ay 

circuit 112 delays the digital signal. Al outputted from the 

binary-coding unit 111 by one horizontal. scanning period, and 

25 outputs a delayed one-bit digital. signal. Bl. The del.ay · 
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circu.1.t 113 del.ays the digi.tal. signal Bl outputted from the 

delay circuit 112 by two horizontal scanning periods, and 

outputs a delayed one-bit digital signal. Cl. The delay 

circu.1.t 114 delays the d.igital signal Cl outputted from the 

5 delay circuit 113 by two horizontal. scanning per.1.ods, and 

outputs a delayed one-bit digital signal Dl. The del.ay 

circuit 115 delays the digital. signal Dl outputted from the 

delay circuit 114 by one horizontal scanning period, and 

outputs a delayed one-bit d~gital signal. El. 

10 The inverter 116 inverts the digi.tal. signal. Al outputted 

from the binary-coding unit 111. The i.nverter 117 inverts 

the digital signal Bl outputted from the delay circuit 112. 

The inverter 117 inverts the digital. signal. Bl outputted from 

the del.,ay circuit 112. The inverter 118 inverts the digital 

15 signal Dl outputted from the delay circuit 114. The inverter 

119 inverts the digital signal. El outputted from the del.ay 

circuit 115. 

An output signal. of the inverter 117, the digital. signal 

Cl outputted from the delay circuit 113, the digital. signal 

20 Dl outputted from the delay circuit .114, and an output signal 

of the inverter 119 are respectively fed to four input 

terminals of the AND gate 120. An output signal of the 

inverter 116, the digital. signal. Bl outputted from the de1ay 

circuit 112, the digital signal Cl outputted from the delay 

25 circuit 113, and an output signal. of the inverter 118·a~e 

I• I 11! 
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respectively fed to four input terminals .of the AND gate 121. 

An output signal Fl of the AND gate 120 and an output signal. 

Gl of the AND gate 121 are respectivel.y fed to two input 

terminals of the OR gate 122. An output signal of the OR gate 

s 122 is fed as the singular point detection sign.al Hl to the 

limiter 71 shown in Fig. 16. 

Fig. 20 is a diagram showing an exampl.e of singular po.int 

detection. F.ig. 21 is a diagram showing the 1og.1c of a signal 

.in each portion in the singul.ar point detection circuit 73. 

10 Referring to Figs. 20 and 21, description is made of the 

operation of the singul.ar po.int detect.ion circuit 73 shown 

in F.ig. 19. 

In Fig. 20, the lum.inances of scanni.ng lines LO to L9 

are respectively indicated by PO to P9. The scanning l.ines 

15 Ll, L3, L7, and L9 respectively indicated by hatched circles 

are scanning l.ines obtained by i.nterpol.ation process.ing. 

In the example shown in Fig. 20, the luminance P4 of 

the scanning line L4 is higher than a predetermined threshold 

level ETH, and the edge height of the scanning 11.ne L4 (i.e., 

20 the difference between the luminance P6 of the scanning line 

L6 and the luminance P2 of the scanning line L2) is larger 

than a predetermined value, so that the scanning line L4 .is 

moved in the direction away from the scanning line L3. The 

luminance P6 of the scanning 11.ne L6 is higher than the 

25 predetermined threshold level ETH, and the edge height of- the 
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scanning l.ine L6 (i.e., the difference between the 1uminance 

of the scanning line LB and the luminance P4 of the soann1ng 

line L4) is larger than the predetermined value, so that the 

scanning 1ine ·. L6 is moved in the direction away from the 

5 scanning line L7. At this time, when the scanning line L4 

is moved by an amount corresponding to two scanning l.ines, 

and the scanning line L6 is moved by an amount corresponding 

to two scanning iines, the position of the scanning line L4 

and the position of the scanning line L6 are replaced with 

10 each other. Therefore,· the distance of movement on the screen 

is l.imited to ha.lf using the scanning line L4 as a singular 

point in rise, while being limited to half using the scanning 

11.ne L6 as a singul.ar point in fall.. 

It is detected whether or not the scanning 1ine L4 is 

15 a s1.ngular point in .rise when the digital signals Al, Bl, Cl. 

Dl, and El respectively correspond to the luminances P7, P6,, 

P4, P2, and Pl of the scanning l.ines L7, L6, L4, L2, and Ll. 

In this case. the digital signals Al to El are respective1y 

• o", • 1". "l •, • O •, and • O" • Consequently, the output signal 

20 Gl of the AND gate 1211.s • 1 •, and the singu1ar point detection 

signa1 Hl is ·1-. as shown in Fig. 21. 

It is detected whether or not the scanning 1ine L6 is 

a singular point in a fall edge when the digital s:l.gna1s Al, 

Bl, Cl, Dl, and El respectively correspond to the l.uminances 

25 P9. PB, P6. P4. and P3. of the scanning l.ines L9, L8. L6. · L4. 

: I I 
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and L3. In this case, the digital signals Al to El are 

respectively • o" • .. O • , • 1" • • 1" • and • O.. . Consequently, the 

output signal Fl of the AND gate 120 is "l", and the singular 

point detection signal Hl is •1•, as shown in Fig. 21. 

5 When the singular point detection signal Hl ·is • 1", the 

movement control. signal is limited to half by the l.imiter 71 

shown in Fig. 16. Consequently, the scanning line L4 so moves 

as to approach the scanning l.ine LS, and the scanning line 

L6 so moves as to approach the scanning line LS. The amounts 

10 of movement in this case are respectively not more than the 

interval between the two scanning lines. 

When a video signal in an interlaced scanning system 

of 525 scanning lines is converted into a video signal in a 

progressive scanning system of 525 scanning lines, the 

15 vertical frequency which can be displ.ayed (vertical 

resolution) is 525 per four scanning lines .i.n a moving i.mage, 

while being 525 per two scanni.ng lines in a still image. A 

vertical frequency component corresponding to the vertical 

resolution of approximately 525 per two scanning lines is 

20 referred to as a high frequency component, and a vertical 

frequency component corresponding to the vertical resolution 

of approximately 525 per four scanning lines 1.s ref erred to 

as an intermediate frequency component. 

In the vertical correlation detection ci.rcui t 12 shown 

25 in Fig. 16, the difference between the luminance of a part 
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of a scanning line two horizontal scanning periods ahead of 

and the luminance of .a_ part of a scanning line two vertica1 

scanning periods behind a part of a scanning line to be an 

object is calculated, to extract an intermediate frequency 

5 component in the vertical direction. Therefore, it is 

possible to effectively emphasize the contour of an image 

including a lot of intermediate frequency components. 

Particularly, it is possible to sufficiently improve the 

quality of white characters. 

10 For example, in an interlaced scanning system of 525 

scanning lines, a high frequency component in the vertical 

direction is reduced by limiting the band of the vertical 

frequen~y to some extent in order to prevent flicker in 

encoding a video signal. In the case of the interlaced 

15 scanning system. the vertical resolution of a moving image 

is one-half the vertical resolution of a st.111 image. In a 

general image. the ratio of_ the moving image is significant1y 

high. 

In a video disp1ay apparatus for converting a video 

20 signal in the interlaced scanning system of 525 scanning 

lines into a video signal in a progressive scanning system 

of 525 scanning lines, and further converting the video 

signal into a video signal in a progressive scanning system 

of 1050 scanning lines. the vertical corre1ation detection 

25 circuit 12 shown in Fig. 16 is used, thereby making it 
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possi.bl.e to effectivel.y emphasiz~ the contour of an image. 

The video signal. in the progressive scanning system of 

525 scanning l.ines which is inputted from a set top box (STB) 

is obtained by converting the video signal 1.n the interl.aced 

5 scanning system of 525 scanning l.ines into the video signal. 

in the progressive scanning system using an interpolated 

line. so that it includes more intermediate frequency 

components in the vertical direction. as compared with high 

frequency components in the vertical direction. simil.arl.y to 

10 the video signal in the interl.aced scanning system of 525 

scanning l.ines. In the video disp1ay apparatus for 

converting the video signal. in the progressive scanning 

system of 525 scann:Lng lines which is inputted from the set 

top box into the video signal in the progressive scanning 

15 system of 1050 scanning l.ines. the vertical. correl.ation 

detection circuit 12 shown in Fig. 16 1.s used. thereby making 

it possible to effectivel.y emphasize the contour of an image. 

on the other hand. the video signal in the general 

progressive scanning system of 525 scanning l.ines has high 

20 vertical. resolution. In the video displ.ay apparatus for 

converting the video signal. in the progressive scanning 

system of 525 scanning l.ines into the video signal. in the 

progressive scanning system of 1050 scanning l.ines. 

therefore, it is possibl.e to synthesize interpol.ated 1ines 

25 having high resolution irrespective of a stil.l. image or"a 
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moving image. In such a case, therefore, it is preferable 

that the difference between the luminance of a part of a 

scanning 1ine one horizontal scanning period ahead of and the 

luminance of a part of a: scanning line one horizontal scanning 

5 period behind a part of a scanning line to be an object is 

calculated to extract a high frequency component in the 

vertical direction. Description is now made of a vertical 

correlation detection circuit capable of extracting an 

intermediate frequency component and a high frequency 

10 component. 

Fig. 22 is a block diagram showing still another example 

of the configuration of the vertical correlation detection 

circuit 12 shown in Fig. 3. 

In the vertical correlation detection circuit 12 shown 

15 in Fig. 22, an edge height detection unit 74, conversion 

tables 75 and 76, a mul.tiplier 77, and a mixer 78 are further 

provided in addition to the configuration of the vertical 

correlation detection circuit 12 shown in Fig. 16. The 

configuration of the other portions in the vertical 

20 correlation detection circuit 12 shown in Fig. 22 is the same 

as the configuration of those in the vertical correlation 

detection circuit 12 shown in F~g. 16. 

The edge height detection unit 74 calculates the 

difference between a digital signal. dl outputted from a delay 

25 circuit 64 and a dig1ta1 signa1 bl outputted from a delay 

1, 
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circuit 62. and outputs the difference as an edge height 

signal. The digital signal dl outputted from the delay 

circuit 64 corresponds to the luminance of a part of a 

scanning l.ine one horizontal scanning period ahead of a part 

s of a scanning line to be an object, and the digital sign~l 

bl outputted from the delay circuit 62 corresponds to the 

luminance of a part of a scanning .line one horizontal scanning 

period behind the part of the scanning line to be .the object. 

Consequently. the edge height signal outputted from the edge 

10 height detection unit 74 represents the difference between 

the luminance of the part of the scanning line one horizontal 

scanning period ahead of and the luminance of the scanning 

line one horizonta.l scanning period behind the part of the 

scanning .line to be the object. 

15 The conversion table 75 converts the edge height signal 

outputted from the edge height detection unit 74 such that 

the part of the scanning line to be the object moves up and 

down when its edge height is not less than a predetermined 

value, similarly to a conversion table 67, and· outputs a 

20 conversion signal. On the other hand,. the conversion table 

76 converts a digital signal cl outputted from a delay circuit 

63 such-that the part of the scanning line to be the object 

moves up and down when the luminance of the scanning line to 

be the object is not less than a predetermined value, 
- . 

25 similarl.y to a conversion table· 68, and outputs a conversion 
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signal.. 

The mul.tiplier 77 multiples the conversion signal. 

outputted from ·the conversion table 75 and the conversion 

signal outputted from the conversi.on tabl.e 76 together, and 

s outputs the result of the multiplication as a movement 

control signal.. The mixer 78 respectively weights a movement 

control signal outputted from a multi.plier 69 and the 

movement control signal outputted from the mul.tipl.ier 77 in 

response to a control signal. CNT. adds the signals, and 

10 outputs the result of the addition as a movement control 

signal.. The operations of the other portions in the vertical. 

correlation detect.ion circuit 12 shown in Fig. 22 are the same 

as those in the vertical correlation detection circuit 12 

shown in Fig. 16. 

15 In the vertical correlation detection circu.it 12 shown 

in Fig. 22, the weighting of the movement control signal 

outputted from the multipl.ier 69 and the weighting of the 

movement control. signal. outputted from the multi.plier 77 are 

adjusted by the mixer 78, thereby making it possible to 

20 effectively emphasize the contour in the vert:l.cal direction 

of an image including a lot of intermediate frequency 

components and an image including a lot of high frequency 

components. 

Figs. 23 and 24 are cross~sectional views in the 

25 horizontal direction showing the positional relationship 
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between a CRT 4 and a vertical velocity modul.ation coil. VMV. 

Fig. 23 shows an example of the arrangement of the vertical 

vel.ocity modulation coil VMV, and Fig. 24 shows another 

example of the arrangement of the vertical. velocity 

s modulation coil VMV. 

As shown in Figs. 23 and 24, a glass bulb 401 of the 

CRT 4 has a cylindrical neck 40la and an expanded cone 401b. 

An electron gun 410 is arranged within the net 40la of the 

glass bulb 401. The electron gun 410 is provided with a 

10 pl.uraiity of metal cases 411 constituting a plural.ity of 

electrodes. A deflection yoke 420 comprises a horizontal 

deflection coil LH and a vertical deflection coil LV shown 

in Pig. 1. The deflection yoke 420 is arranged in a position 

including the boundary between the neck 40la and the cone 401.b 

15 outside the CRT 4. 

In the example shown in Fig. 23, the vertical velocity 

modulation coil. VMV is arranged around the neck·40la of the 

CRT 4. · On the other hand, in the example shown in Pig. 24, 

the vertical velocity modulation coil VMV is arranged around 

20 the boundary between the neck 40la and the cone 40lb of the 

CRT 4 and inside the deflection yoke 420. 

Fig. 25 is a diagram showing an example of vertical 

velocity modulation by the vertical. velocity modulation coil 

VMV shown in Figs. 23 and 24. Fig. 25 (a) illustrates an 

25 example of an image, Pig• 25 (b) il.lustrates the change of 
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scanning lines by the vert:lcal velocity modul.ation .coil VMV 

shown in Fig. 23, and Fig. 25 (c) illustrates the change of 

scanning lines by the vertical velocity modulation coil VMV 

shown in F.1.g. 24. 

In the image shown 1n Fig. 25 (a), the luminance of a 

rectangular region 501 is low, and the 1wninance of a region 

502 around the reg:lon 501 is bi.gh. In Fig. 25 (b), an enlarged 

view of a region Rl indicated by a broken 1.i.ne i.n Fi.g. 25 (a) 

is 1llustrated. By the vertical velocity modulation, the 

10 scanning speed in the vertical. direction of an electron '.beam 

is modulated such that a part of a scann:l.ng line Lll having 

a high luminance moves farther apart from a low luminance part 

of an adjacent scanning line LlO. 

In the example shown in Fig. 23 in which the vertical. 

15 vel.ocity modulation coil VMV is arranged around the neck 40la 

of the CRT 4, a magnetic field formed by the vertical. velocity 

modulation coil VMV strikes the metal cases 411 of the 

el.ectron gun 410. Although a low frequency component of the 

magnetic field penetrates the metal cases 411, intermediate 

20 and high frequency components of the magnetic field generate 

an eddy current in the met.al oases 111, so that the 

intermediate and high frequency components are converted 

into heat. Therefore, the intermediate and high frequency 

components of the magnetic f.:Le1d are attenuated by the metal. 

25 cases 411 of the electron gun 410. .consequently, the gain 
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of the low frequency component of the magnetic field is 

relatively larger than those of the intermediate and high 

frequency components of the magnetic field. As a result, a 

part 600 of the scanning line Lll adjacent to the low 

s luminance part of the scanning line LlO cannot sharply move 

in the vertical direction, as shown in Fig. 25 (b). 

contrary to this, in the example shown in FJ.g. 24 in 

which the vertical velocity modulation coJ.l VMV is arranged 

inside the deflection yoke 420, a magnetic field formed by 

10 the vertical velocity modulation coi.l VMV does not strike the 

metal cases 411 of the electron gun 410. According~y. 

intermediate and high frequency components of the magnetic 

field are not attenuated. Consequently, the sensitivity of 

the vertical velocity modulation coil VMV is increased, so 

15 that scanning lines can be sharply changed at a small current. 

As a result, the part 600 of the scanning line Lll adjacent 

to the low l.uminance part of the scanning line LlO can sharpl.y 

move in the vertical direction. as shown in Fig. 25 (c). 

When the vertical velocity modulation coil VMV i.s thus 

20 arranged inside the deflection yoke 420. the scanning lines 

sharply change in a vertical edge and a horizontal edge of 

an image, so that the quality of the image is not degraded. 

Fig. 26 is a block diagram showing another example of 

the configuration of a vertical velocity modulation circui.t 

25 used for the video display apparatus shown 1.n Fig. 1. 
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A vertical velocity modulation circuit 9a shown in Fig. 

26 differs from the vertical velocity modulation circuit 9 

shown in Fig. 5 in that a frequency compensati.on circuit 18 

is provided between a vertical correlation detection c1rcu1t 

5 12 and a retrace period reversion ci.rcuit 13. 

The vertical correl.ation detection cir.cui t 12 shown in 

Fig. 26 detects a portion where the change 1n luminance in 

the vertical direction of a scanning line exceeds a 

predetermined value on the basi.s of a luminance signal Y. and 

10 outputs a movement control signal SB! representi.ng the 

di.stance of movement on the screen of the scanning line. The 

frequency compensation circuit-18 subjects the movement 

control signal SBl outputted from the vertical correlation 

detecti.on circuit 12 to frequency compensation in a method, 

15 described later. and outputs a movement control. signal. SB2. 

'!'he retrace period reversion circuit 13 outputs the movement 

control signal. SB2 outputted from the frequency compensation 

circuit 18 as it is in a trace period, while reversing the 

time axis of the movement controi signai SB2 outputted from 

20 the frequency_compensation circuit 18 in a retrace period, 

and outputs an obtained signal. as a movement control. signal 

SC. 

In this examp1e, the frequency compensation circuit 18 

corresponds to frequency domain emphasis means. 

25 ~he configuration .and the operation of the other 

I. 
I I I 
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portions in the vertical. vel.ocity modul.ation circuit 9a shown 

in Fig. 26 are the same as the configuration and the operation 

of those in the vertical. velocity modul.ation circuit 9 shown 

in Fig. 5. 

Fig. 27 is a block diagram showing the configuration 

of the frequency compensation circuit 18 in the vertical 

vel.ocity modul.ation circuit 9a shown in Fig. 26. 

The frequency compensation circuit 18 comprises an 

intermediate and high frequency separation unit 181, a gain 

10 control. circuit 182, and an adder 183. The intermediate and 

high frequency separation unit 181, the gain control. circuit 

182, and the adder 183 may be respectivel.y constituted by 

digital circuits or anal.og circuits. 

When the intermediate and high frequency separation 

15 unit 181, the gain control circuit 182, and the adder 183 are 

respectively constituted by analog circuits, a D/A 

(Digital/Analog) converter is provided between the vertical 

correlation detection circuit 12 and the frequency 

compensation circuit 18 shown in Fig. 26, andanA/D converter 

20 is provided between the frequency compensation circuit 18 and 

the retrace period reversion circuit 13. 

The intermediate and high frequency separation unit 181 

is constituted by an analog high-pass fil.ter or a primary 

differentiation circuit, for exampl.e. Fig. 28 is a circuit 

25 diagram showing an exampl.e of the configuration of the 
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intermediate and high frequency separation unit 181. The 

intermediate and high frequency separati.on unit 181 shown in 

Fig. 28 is constituted by a primary differentiation circuit 

comprising a capacitor 184 and a resistor 185. 

In this example, the. intermediate and high frequency 

separation unit 181 corresponds to extraction means, and the 

adder 183 corresponds to addition means. 

Pig. 29 is a signal waveform diagram showing the 

operation of the frequency compensation circuit 18 shown in 

10 Fig. 27. Referring now to the signal waveform diagram of Pig. 

29, the operation of the frequency compensat1on c1rcui.t 18 

shown in Fig. 27 will be described. 

The intermediate and high frequency separation unit 181 

subjects the movement control signal SBl to primary 

1S differentiation,_ and outputs a differentiation signal EGl. 

In a low 1evel period Tl of the movement control. signal. SBl, 

scanning lines shall move downward. In an intermediate l.evel 

period T2 of the movement control. signal SBl, the scanning 

lines does not move up a11d down. The movement control signal 

20 SBl outputted from the vertical correlation detection 

circuit 12 shown in Fig. 26 is fed to the intermediate and 

high frequency separation unit 181 and the adder 183. The 

gain control circuit 182 amplifies the differentiation 

signal BGl outputted from the intermediate and high frequency 

25 separation unit 181 by·previously set gain, and feeds-the 

! I I 
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am"lified differentiation signal EG2 to the adder 183. The 

adder 183 adds the movement control signal SBl and the 

differentiation signal EG2 together, and outputs the 

movement control signal SB2. In the movement control si.gnal. 

5 SB2, its edge is emphasized. 

As a result, in the example of the i.mage shown i.n Fig. 

25 (a), the part 600 of the scanning line Lll adjacent to the 

low luminance portion of the scanning line LlO can sharply 

move in the vertical direction, as in Fig. 25 (c). When the 

10 vertical velocity modulation circuit 9a shown in Fig. 26 is 

used, therefore, the scanning lines sharply change in a 

vertical edge and a horizontal edge of the image, so that the 

quality of the image is not degraded, as in the case shown 

in Fig. 24 i.n which the vertical velocity modulati.on coil VMV 

15 is arranged inside the deflection yoke 420. 

When the arrangement of the vertical velocity 

modulation coil VMV shown in Fig. 24 i.s used, as described 

above, the magnetic field generated by the vertical velocity 

modulation coil VMV is not affected by the structure of the 

20 electron gun 410, so that signal characteristics in the 

vertical velocity modula ti.on circuit 9 shown in Fig. 5 appear 

on the surface of the CRT 4 as they are. Consequently, 

vertical velocity modulation in which the image quality is 

not degraded is realized without providing a frequency 

25 compensation circuit. 
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When the vertical .velocity modulation circuit 9a shown 

in Fig. 26 is used, vertical. velocity modulation .1.n which the 

image qual.ity is not degraded is realized without changing 

the structures of the CRT 4 and the deflection yoke 420. 

5 Fig. 30 is a block diagram showing still another example 

10 

of the configuration o.f a vertic.al velocity modulation 

circuit. A vertical velocity modulat.ic;m circuit 9b shown 1.n 

Fig. 30 is used for a video display apparatus of a 

unidirectional scanning system. 

In Fig. 30, the vertical. velocity modulation circuit 

9b comprises a vertical. correl.ation detection circuit 12, a 

frequency compensation c.1.rcuit 18. and an amplifier 16. '!'he 

configurations and the operations of the vertical. 

correl.ation detection circuit 12 and the ampl..ifier 16 are the 

15 same as the configurat.1.ons and the operations of the vertical 

correlation detect1on c1rcuit 12 and the amplif1er 16 shown 

in Figs. 5 and 26. Further. the configuration and the 

operation of the frequency compensation circuit 18 are the 

same as the configuration and the operation of the frequency 

20 compensation circuit 18 shown in Fig. 26. 

When the vertical velocity modulation circuit 9b shown 

in Fig. 30 is used, vertical scanning modulation in which a 

scanning line sharply changes in a vertical edge and a 

horizontal edge of an image in unidirectional scanning. so 

25 that the quality of the image is not degraded is realized. 

; It 



W099/65227 PCT/JP99/03035 

79 

Industrial Applicability 

As described in the foregoing, a video display 

apparatus, a vertica1 velocity modulation apparatus, and a 

S video display method according to the present invention can 

be suitabl.y used for tel.evision receivers, display monitors, 

and so forth of a bidirectional scanning system and a 

unidirectional scanning system in which an image of high 

qual.ity is displayed. 
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CLAIMS ii1iiiil 
1. A video display apparatus comprising: 

a horizontal deflection circuit for deflecting an 

5 electron beam in the horizontal direction to form scanning 

lines in the horizontal direction on a screen: 

a-· vertical deflection circuit for deflecting said 

electron· beam in the v:ertical d:l.recti.on; .· and 

a vertical velocity modulation circuit for modulating 

10 the scanning speed in the vertical directi.on of the electron 

beam such that a part of the scanni.ng line having a luminance 

which is not less than a predetermined value in a luminance 

change portion in the vertical direction moves fart her apart 

from a part of the adjacent scanning line having a lower 

15 luminance than said predetermined value. 

2. The video display apparatus according to claim 1, 

wherein said horizontal deflection circuit deflects the 

electron beam back and forth in the horizontal di.rec ti.on, to 

20 form forward and backward scanning lines on the screen. 

3. The video display apparatus according to claim 2. 

wherein 

said vertical velocity modulation circuit comprises 

25 

I f!lllQ IHlff llf U HI U Ill 
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a parallel scanning circuit for outputting a parallel 

scanning signal for making the forward and backward scanning 

lines formed by said horizontal deflection circuit parallel. 

a movement control circuit for producing a movement 

5 control signal for controlling the movement .1.n the vertical 

direction of the scanning lines on the basis of a luminance 

signal, 

a synthesizing circuit for synthesizing the parallel 

scanning signal outputted by said parallel scanning circuit 

10 and the movement control signal produced by said movement 

control circuit, and 

a vertical velocity modulation coil for genera.ting a 

magnetic field for modulating the scanning speed in the 

vertical direction of the electron beam on the basis of a 

15 signal synthesized by said synthesizing circuit. 

4. The video display apparatus according to claim 3, 

wherein 

said movement control circuit comprises 

20 a change portion detection circuit.for detecting a 

luminance change portion in the vertical direction on the 

basis of the luminance signal., 

a movement distance output circuit for outputting·as 

said movement control signal the distance of movement of the 

25 scanning line on the screen in the vertical direct1on in the 

\ \\\\\ ,\,~\\\~ \\\l' ~\\ 
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luminance chan~e portion deteateg by said change portion 

detection circuit on the basis of the lum~~ance signal, and 

a time axis reversion_circuit for reversing the time 

axis of the movement control signal ~utputted by said 

5 movement distance output_circuit in backward scanning by said 

horizontal deflection circuit. 

5. The video display apparatus according-to claim 3, 

wherein 

10 said vertical velocity modulation circuit further 

comprises 

a clamping circuitfor clamping the movement control 

signal produced by said movement control circ~i~ to a 

predetermined potential at predet~;rmined timing. 

15 

6. The video display apparatus according to-claim 3,, 

wherein 

said vertical velocity modulation circui.t further 

comprises 

20 an amplifier for amplifying the signal synthesized by 

said synthesizing circuit, and 

a gain control circu:Lt for cont-J;olling the gain of said_ 

amplifier. 

25 7. The videe display apparatus according to claim 6, 



s 

10 

W099/65227 ii1ii1l1i1Uf PCT/JP99/03035 

83 

wherein said gain contro1 circuit contro1s the gain of said 

amplifier on the basis of the number of the scanning lines 

formed on the screen by said horizontal def1ection circuit. 

8. The video display apparatus according to claim 6, 

wherein said gain control ci.rcui t controls the gain of said 

amplifier depending on the positions of the scanning lines 

formed on the screen by said horizontal. deflection circuit. 

9. The video displ.ay apparatus according to claim 1, 

wherein 

said vertical. velocity modulation circuit comprises 

a movement distance output circuit for outputting the 

distance of movement on the screen of a part of the scanning 

15 11ne to be an object as the movement contro1 signal on the 

basis of the difference between the 1uminance of a part of 

the scanning line a predetermined number of horizontal. 

scanning periods ahead of and the luminance of a part of the 

scanning 1ine the predetermined number of horizontal 

20 scanning periods behind the part of the scanning line to be 

the object and the level of the luminance of the part of the 

scanning line to be the object, and 

a vertical velocity modulation coi1 for generating a 

magnetic field for modulating the scanning speed in the 

25 vertical direction of the electron beam on the basis of the 

I l\llllJ 1111~ 11111111~ 111\11 
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movement control signal outputted from said movement 

distance output circuit. 

10. The video display apparatus according to claim 9, 

5 wherein 

said movement distance output circuit comprises 

a difference calculation circui.t for cal.culating the 

difference between the luminance of the part of the scanning 

line the predetermined number of horizontal. scanning periods 

10 ahead of and the l.uminance of the part of the scanning line 

the predetermined number of horizontal scanning periods 

behind the part of the scanning line to be the object. 

a first signal output circuit for outputting a first 

movement distance signal on the basis of an output signal. of 

15 said difference calculati.on circuit, 

a second signal output circuit for outputting a second 

movement distance signal. on the basis of the lumi.nance of the 

part of the scanning 11.ne to be the object, and 

a multiplication circuit for multiplying the first 

20 movement distance signal outputted from said first.signal 

output circuit and the second movement distance signa1 

outputted from said second signal output circuit together. 

and outputting the resu1t of the multiplication as said 

movement contro1 signa1. 

25 

l lllllll llllll lllll lllll lt llll 
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11. The video di.splay apparatus according to claim 10, 

wherein 

said first signal. output circuit sets the value of said 

first movement distance signal to zero when the value of the 

s output signal of said difference cal.culation circuit is 

smaller than a predetermined value~ and 

said second signal. output circuit sets the value of said 

second movement distance signal to zero when the luminance 

of the part of said scanning line to be the object is smaller 

10 than the predetermined value. 

12 • The video display apparatus according to claim 9 , 

wherein the scanning line said predetermined number of 

horizontal. scanning periods ahead of the part of the scanning 

15 line to be the object is the scanning line two horizontal 

scanning periods ahead of the part of the scanning line to 

be the object, and the scanning l.ine said predetermined 

number of horizontal. scanning periods behi.nd the part of the 

scanning line to be the object i.s the scanning line two 

20 horizontal scanning periods behind the part of the scanning 

line to be the object. 

13. The video display apparatus according to c°J.aim 9, 

wherein the scanning line said predetermined number of 
. . 

25 horizontal scanning periods ahead of the part of the scanning 

I If Ill~ Hll~ II~/ Hiii H Ill/ 
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line to be the object is the scanning line one hori·zontal 

scanning period ahead· of the part of the scanning line to be 

the object. and the scanning line said predetermined number 

of horizontal scanning periods behind the part of the 

5 scanning line to be the object is the scanning line one 

horizontal scanning period behind the part of the scanning 

line to be the object. 

14. The video display apparatus according to claim 9, 

10 wherein 

said vertical velocity modu1ation circuit further 

comprises 

a movement distance limitation c;Lrcui t for limiting the 

distance of movement on the screen of the part of the scanning 

15 line such that the positions of the adjacent scanning lines 

are not replaced wi.th each other by the movement of the part 

of the scanning line.· 

15 • The video display apparatus according to claim 14 , 

20 wherein 

said movement distance 11mitation circuit limits the 

movement control signal outputted from said movement 

distance output circuit to half when the luminance of the part 

of the scanning line to be the object and the luminance of 

25 the part of the scann:Lng l:i.ne two horizontal. scanning periods 
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behind the part of the scanning line to be the object are not 

less than the predetermined value, and the luminance of the 

part of the scanning line two horizontal scanning periods 

ahead of, the lwninance of the part of the scanni.ng line three 

5 horizontal scanning periods ahead of, and the luminance of 

the part of the scanning line three horizontal scanning 

periods behind the part of said scanning line to be the object 

are 1ess than the predetermined value, or when the luminance 

of the part of the scanning line to be the object and the 

10 luminance of the part of the scanning line two horizontal 

scanning periods ahead of the part of said scanni.ng line to 

be the object are not less than the predetermi.ned value, and 

the luminance of the part of the scanning 1.1.ne two horizontal 

scanning periods behind, the luminance of the part of the 

15 scanning line three horizontal scann1ng periods behi.nd, and 

the luminance of the part of the scanni.ng line three 

horizontal scanning periods ahead of the part of said 

scanni.ng line to be the object are less than the predetermined 

value. 

20 

16. The video display apparatus according to claim 1, 

further comprising 

a cathode ray tube, and 

an electron gun provided in said cathode ray tube and 

25 having a metal case, 

' fllfllf """ lllfl Jiff I " Jiit * C L M S * 
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said vertical velocity modulation circuit comprising 

a movement control circuit for producing a movement 

control signal for controlling the movement in the vertica1 

direction of the scanning lines on the basis of the l.uminanoe 

s signal, and 

a vertical velocity modulation coil disposed in a 

position departing from.the periphery of said metal. case of 

said electron gun and·around said cathode ray tube for 

generating a magnetic fi.el.d for modul.ating the scanning speed 

10 in the vertical direction of the electron beam on tbe basis 

of said movement control signal produced by said movement 

control circuit. 

1 7 • The video display apparatus according to claim 16 , 

15 further comprising a deflection yoke disposed in the position 

departing from the periphery of said metal case of said 

electron gun and around said cathode ray tube. and 

constituting said horizontal. defl.ection circuit and said 

vertical def1ection circuit, 

20 said vertical velocity modulation coil being arrang•d 

inside said deflection yoke. 

18. The video display apparatus according to claim 1, 

where.in 
. . 

25 said vertical velocity modulation circuit comprises 

.;::--··· -
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a movement contro1 circuit for producing the movement 

control signal for controlling the movement in the vertical 

direction of the scanning lines on the basis of the l.uminance 

5 s:l.gnal, 

a frequency domain emphasis circuit for emphasizing a 

predetermined frequency domain of said movement control 

signal produced by said movement control circuit, and 

a vertica1 ve1ocity modulation coil for generating a 

10 magnetic field for modulating the scanning speed in the 

vertical direction of the electron beam on the basis of said 

movement control signal emphasized by said frequency domain 

emphasis circuit. 

15 19. The video d.isplay apparatus accord:l.ng to claim 18, 

wherein 

said frequency domain emphasis circuit comprises 

an extraction circuit for extracting said 

predetermined frequency domain of said movement control 

20 signal produced by said movement control circuit, and 

25 

an adder for adding said movement control signal 

produced by said movement control circuit and the signal in 

said frequency domai.n extracted by sai.d extraction circuit 

together. 
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20. A vertical velocity modulation apparatus for 

modulating the scanning speed in the vertical direction of 

an electron beam for successively forming scanning lines in 

the horizontal direction on a screen, comprising: 

a movement control circuit for producing a movement 

control signal for control.ling the movement in the vertical 

direction of the scanning l.ines such that a part of the 

scanning line having a luminance which is not less than a 

predetermined value in a luminance change portion in the 

10 vertical d1rection on the basis of a luminance signal. moves 

farther apart from a part of the adjacent scanning line having 

a lower luminance than said predetermined value: and 

a vertical velocity modulation coil. for generating a 

magnetic field for modulat1ng the scanning speed· in the 

15 vertical direction of the electron beam on the basis of the 

movement control signal produced by said movement control 

circuit. 

21. The vertical velocity modulation apparatus 

20 according to cla1m 20, further comprising 

a parallel scanning.circuit for outputting a parallel 

scanning signal for making forward and backward scanning 

lines formed on the screen by deflecting the electron beam 

back and forth paralle1, and 

25 a synthesizing circuit for synthesizing the movement 
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control signal. produced by said movement control circuit and 

the parallel scanning signal outputted by said parallel 

scanning circuit, 

said vertical velocity modulation coil generating a 

s magnetic field for modulating the scanning speed in the 

vertical direction of the electron beam on the basis of a 

signal synthesized by said synthesizing c1rcu:l.t. 

22. The vertica1 velocity modulation apparatus 

10 according to claim 20, wherein said movement control ci.rcuit 

outputs the distance of movement on the screen of a part of 

the scanning line to be an object as sa:ld movement control 

signal on the basi.s of the difference between the luminance 

of· a part of the scanning line a predetermined number of 

15 horizontal scann:lng periods ahead of and the luminance of a 

part of the scanning line the predetermined number of 

horizontal scanning periods behind the part of the scanning 

line to be the object and the level of the luminance of the 

part of the scanning line to be the object. 

20 

23. The vertical velocity modu1ation apparatus 

according to c1aim 20, further comprising a frequency domain 

emphasis c:lrcui t for emphasizing a predetermined frequency 

domain of said movement control signal produced by said 

25 movement contro1 circuit. 
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24. The vertical velocity modulation apparatus 

according to claim 23, wherein 

said frequency domain emphasis circuit comprises 

an extraction circuit for extracting said 

predetermined frequency domain of said movement control 

signal produced by said movement control circuit, and 

an adder for adding said movement control signal 

produced by sa:l.d movement control circuit and the signal in 

10 said frequency domain extracted by sai.d extraction circuit. 

25. A video display method comprising the steps of: 

deflecting an electron beam in the horizontal direction 

and the vertical direction. to successively form scanning 

15 lines in the horizontal direction on a screen: and 

modulating the scanning speed in the vertical direction 

of the electron beam such that a part of the scanning line 

having a luminance which is not less than a predetermined 

value in a luminance change portion in the vertical. direction 

20 moves farther apart from a part of the adjacent sqanning line 

having a lower luminance than said predetermined value. 

26. The video display method according to claim 25, 

wherein the step of deflecting said electron beam comprises 

25 the step of deflecting the electron beam back and forth in 

11111111 mm11n~ IWJ II~-· ... 
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the horizontal direction, to form the forward and backward 

scanning lines on the screen. 

27. The video display method according to claim 26, 

s wherein 

the step of modulating said scanning speed comprises 

the steps of 

outputting a parallel scanning signal for making the 

forward and backward scanning lines parallel, 

10 producing a movement control signal for controlling the 

movement in the vertical direction of the scanning line in 

a luminance change portion in the vertical direction on the 

basis of a luminance signal, 

synthesizing said parallel scanning signal and said 

15 movement control signal. and 

generating a magnetic field for modulating the scanning 

speed in the vertical direction of the electron beam on the 

basis of a synthesized signal. 

20 28. The video display method according to claim 27, 

wherein 

the step of producing said movement control signal 

comprises the steps of 

detecting the luminance change portion in the vertical 

25 direction on the basis of the luminance signal, 
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outputting the di~tance of movement of the scanning l.ine 

on the screen in the vertical direction in said luminance 

change portion as said movement control signal on the basis 

of the l.uminance signal, and 

5 reversing the time axis of said movement control. signal. 

in said backward scanning. 

29. The video displ.ay method according to claim 27, 

wherein 

10 the step of modulating said scanning speed comprisesthe 

step of 

clamping said movement control. signal to a 

predetermined potential· at predetermined timing. 

15 30. The video displ.ay method according to claim 25, 

wherein 

the step of modulating said scanning speed comprises 

the step of 

setting the distance of movement on the screen of the 

20 part of said scanning 1ine to be the object on the basis of 

the difference between the luminance of the part of the 

scanning line the predetermined number of horizontal 

scanning periods ahead of and the l.uminance of the part of 

the scanning line the predetermined number of hor:l.zontal. 

25 scanning periods behind the part of the scanning line to be 

11111111 111111 11111 1111111 1111 
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the object and the level of the luminance of the part of the 

scanning line to be the object. 

31. The video display method according to claim 25, 

5 wherein 

the step of modulating said scanning speed comprises 

the steps of 

produci.ng a movement control. signal for controll.ing the 

movement in the vertical direction of the scanning lines on 

10 the basis of the l.uminance signa1, 

emphasizing a predetermined freguency domain of said 

movement control signal., and 

generating a magnetic field for modul.at:lng the scanning 

speed in the vertical. direction of the electron beam on the 

15 basis of said movement .aontrol signal_.~·~~ 
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