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" DESCRIPTION

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

Technical Field

The present invention relates to a vertical velocity
modulation apparatus having the function of correcting the
image quélity by modulating the scanning speed of an electron

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

- television receiver or a display monitor, a unidirectional

scanning system has been generally used. Fig. 31 is a diagram
showing a conventional unidirectional progressive scanning
system. As shown in Fig. 31, in the unidirectional
progressive scanning system, scanning is performed slightly
downward from the left to the right of a screen. 1In a
progressive scanning system of 525 scanning lines, the
horizontal scanning frequency is 31.5 KHz, and the horizontal

scanning period is 31.75 us.

In recent years, a bidirectional scanning system has
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been proposed in order to improve the image quality. Fig.
32 1s a diagram showing a bidirectional progressive scanning
system. As shown in Fig. 32, scanning lines in odd numbers
are horizontally scanned fiom the left to the-right of a

5 écreen, and scanning lines in even numbers are horizontally
scanned from the right to the left of the screen. 1In a
bidirectional progressive scanning system of 1050 scanning

"lines, the horizontal écanning frequency is 63.0 KHz, and the
horizontal scanning period is 15.87 Us.

10 In the bidirectional scanning system, the density of
the scanning lines in the vertical'direétion doubles, 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 possible to reduce thé scale of a power supply circuit.

'In the bidirectional scanning system, however, the
" interval between the scanning lines is shortened, so that the
luminance of each of the scanning lines is easlily 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.
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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 ;Ls brought near a
scanning line having a high luminance at a change point from
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 luminance level. For example,
a scanning line h2 having a low luminance is shifted by A
p downward, and a scanning line h5 having a high luminance
is shifted by Ap upwarad.

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 low in a portion where
the interval between the scanning lines is wide. As a result,
‘the change in the luminance of the luminance change portion,
for example, a vertical contour portion of an image can be
sharp. |

According to the conventional method of modulating the
scanning speed in the vertical direction, however, there
arises such a phenomenon that an originallj dark portion is
brightened, so that the contour is rather blurred.

An object of the present invention is to provide a
vertlical velocity modulation apparatus capable of obtaining

a sharper reproduced image by modulating the scanning si)eéd
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in the vertical direction, 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 which can obtain a
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..

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
direction to form scanning lines in the horizontal direction
on a screen, a vertical deflection circuit for deflecting the
electron beam in the vertical direction, and a vert_idal
velocity 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
less than a predetermined value in a luminance change portion'
in the vertical direction moves farther apart from a part of
the adjacent scanning line having a lower luminance than the
predetermined value.

In the video display apparatus, the electron beam is

deflected in the horizontal direction and the vertical
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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
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 luminance than the predetermined
value.

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
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
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

electron beam back and@ forth in the horizontal directioﬂ; fo
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form forward and backward scanning lines on the screen.

In this case, the reproduced.imag__e_ having a high density
is obtained by bidirectional scanning, and the co_ntour of the
image in the vertical direction is emphasized by modulating
the scénning 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
lines formed by the horizontal déflection circuit parallel,
a movement control circuit for producing a movement control
‘signal for controlling the movement in 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 the parallel scanning circuit and the
movement control signal produced by the mpvement_cpntrol
circuit, and a vertical velocity modulatipn coil for
generating a magnetic field for modulating the scanning speed
in the vertical direction of the electron beam_pn the basis
of a signal synthesized by the synthesizing circuit.

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

a magnetic field for modulating the scanning speed in "tlie
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vertical direction of the electron beam is generated by the
vertical velocity modulation coil on the basis of the
synthesized signal. The parallel scanning and the modulation
of the 'scanning speed in the vertical direction are performed
by the common vertical velocity modulation coil. Therefore,
the video display apparatus is miniaturized and is reduced
in cost.

The movemenf control circuit may comprise a change
portion detaqtion 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 the movement control signal the distance of
movement of the scanning line on the screen in the vertical
directioﬁ in the luminance change portion detected by the
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
cutputted by the movement distance output circuit in backward
scanning by the horizontal deflection circuit.

| In this case, the luminance change portion in the
vertical direction is detected on the basis of the luminance
signal, and the distance of movement of the scanning line on
the screen in the vertical direction in the luminance change
portion is outputted as the movement control signal. The time

axis of the mbvemept control signal is reversed in thé
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backward scanning. Consequently, it is possible to modulate
the scanning speéd_ in the vertic_al _di:_:ect_ion in the
bidirectional scanning.

The vertical velocity modulation circuit may further
comprise a clamping circuit for clamping the movement control
signal produced by the movement contro; 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
that each of the scanning lines is formed at a reference
position previously set, and the part of each of the sqanning
lines can be moved from the reference position in the
luminance change portion in the vertical direction.
Consequently, the image qualit_y is prevented from being
degraded by the shift of the scanning line.

The vertical 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.

In this case, the signal syn_thesized 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 intervall between

the scanning lines and the distance of movemené on the screen
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of the part of the scanning line in the luminance change
portion.

The gain control circuit may control the gain of the
amplifier on the basis of the number of the scanning lines
formed on the screen by the horizontal deflection 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

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
formed on the screen by the horizontal deflection 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
lines formed on the screen. Consequently, 1f is possible to
improve the image quality depending on the positions on the
screen.

The vertical velocity modulation circuit may comprise
a movemegt distance output circuit for outputting the

distance of movement on the screen of a part of the scanﬁiﬂg
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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
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, 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
outputted from the movement distance output circuit.

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 1uminainde 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 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. The part of the scanning line thus moves.depgnding
on the amoﬁnt of the change in the luminance and the level
of the luminance, so that the contour in the vertical
direction of the reproduced image is.emphasized.

- The movement distance output circuit may comprisé_é
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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
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 the difference calculation circuit,
a second signal output circuit for outputting a second
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
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
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 line to be the

objedt, and the second movement distance signal is outputted

' on the basis of the luminance of the part of the scanning iifxe
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to be the object. The first movement distance signal and the
second movement distance signal are multiplied together, and
the result of the multiplication is outputted as the movément
control signal.

The first signal output circuit may set the value of
the £first movement distance signal to zero W_hen the v_alue of

the output signal of the difference calculation circuit is

- smaller than a predetermined value, and the second signal

output circuit may set the value of the second movement

‘distance signal to zero when the luminance of the part of the

scanning line to be the object is smaller than the
predetermined value.

In this case, the distance of movement on the screen
of the part of the scanning line is set to zero such that
vertical velocity modulation is not performed when the amount
of the change of the luminance is smaller than the
predetermined value and the luminance of the part of the
scanning line to be the object is smaller than the
prédetermined value.

The scanning line the predetermined number of

. horizontal scanning periods ahead of the part of the scanning

line to be the object may be the scanning line two horizontal
scanning periods ahead of the part of the scanning line to
be the object, and the scanning line the predetermined number

of horizontal scanning periods behind the part of the
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scanning line to be the object may be the scanning line two
horizontal scanning periods behind the part of the scanning

line to be the object.

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 two scanning lines ahead of and the

luminance of the part of the scanning line two scanning lines

'behind the part of the scanning line to be the object and the

luminance of the part of the sca'nning line to be the object.
The scanning line the predetermined number of.

horizontal scanning periods ahead of the part of the scanning

‘line to be the object may be the scanning line one horizontal

scanning period ahead of the part of the scanning line to be
the object, and the scanning line the predetermined number
of horizontal scanning periods behind the part of the
scanning line to be the object may be the scanning line one
horizontal scanning period behind the part of the scanning
line to be the object.

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 one scanning line ahead of and the
luminance of the part of the scanning line one scanning line

behind the part of the scanning line to be the object and the
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luminance of the part of the scanning line.

The vertical velocity modulation cii'cuit may further
comprise a movement distance limitation circuit for limiting
the distance of movement on the screen of the part of the
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 line.

In this case, the distance of movement on the screen
of the part of the scanning line is limited such that the
positions of the adjacent scanning lines lare not replaced

with each other by moving the part of the scanning line, so

" that the image gquality is not degraded.

The movement distance limitation circuit may limit the

movement control signal outputted £rom the movement distance

.output circuit to half when the luminance of the part of the

scanning line td be the object and the luminance of the part
of the scanning line two horizontal scanning periods behind
the part of the scanning li:ie to be the object are not less
than the predetermined value, and the luminance of the part
0f 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 line three horizontal scanning

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

are less than the predetermined value, or when the lumiﬂaﬁce



10

15

20

25

‘WO 99/65227 PCT/JP99/03035
15

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

the luminance of the part of the scanning line two horizontal
scanning periods behind, the luminance of the part of the
scanning line three horizontal scanning periods behind, and
the luminance of the part of the scanning line three |

hbrizohtai scanning periods ahead of the part of the scanning
line to be the object are less than the predetermined value.

In this case, when the luminances of the parts of the
three adjacent scanning lines are not less than the
predetermined value, and the luminance of the part of the
scanning line ahead of the three scanning lines and the part
of. the scanning line behind the three scanning lines are less
than thé predetermined value, the parts of the scanning lines
on both sides'oqt of the three scanning lines move such that
they approach the part of the scanning line at the center and
the positions of the three scanning lines are not replaced
with one another.

The video display apparatus may further comprise a
cathbde ray tube(CRT), and an electron gun provided in the
CRT and having a metal case, and the vertical velocity
modulation circuit may comprise a movement control circuit

for producing a movement control signal for controlliné ti’xe
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-movement in the vertical direction of the scanning lines on

the basis of the luminance signal, and a vertical velocity

modulation coil disposed in a position departing from the

periphery of the metal case of the electron gun and_around

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 controi-circuif.

In this case, the magnetic field formed by the vertical
velocity modulation coll does not strike the metal case of
the electron gun, so that intermediate and high frequency
components of the magnetic field are not attenuated.
Consequently, the sensitivity of the vertical velocity
modulation coil is increased, so that the scanning line can
be sharply changed at'a-small current. Consequently, the
scanning line sharply changes in a vertical edge and a
horizontal edge of the image, so that the quality_of_ the image
is not degraded.

The video display apparatus may further comprise a
deflection yoke disposed in the position departing ffom the
periphery of the metal case of the eleqtron gun and around
the CRT, and constituting the horizontal deflection circuit
and the vertical deflection circuit, and the vertical
velocity médulation cdil may be arranged inside the

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
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
signal produced by the movement control circuit, and a
vertical velocity modulation coil for generating a magnetic
field for modulating the scannin§ speed in the vertical
direction of the electron beam on the basis of the movement
control signal emphasized by the frequency domain emphasis
circuit. In this case, the movement control signal for
contrdlling 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

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.

The frequency domain emphasis circuit may-comprisé ah
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extraction ci-rcu.j.t_ for extracting the predetermined
frequency domain of thg movement control signal produced by
the movement control clrcuit, and an adder for adding the
movement control signal produced by the movement control
circuit and the signal in the frequency domain extracted by
the extraction circuit together.

In thls case, the predetermined frequency domain of the
movement control signal is extracted, so that the movement
control signal and the signal in the extracted frequency
domain are added together. Consequently, the pi:-edetermined
frequency domain of the move_ment control signal is
emphasized.

A vertical velocity modulation apparatus according to
another aspect of the present invention is a ver'l_::_i.cal
velocity modulation apparatus for modulating the scanning
speed in the vertical direction of an elect;ron 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 controlling the

movement in the vertical direction of the scanning lines suc_h
thét 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 on the basis of a luminance
signal moves farther apart from a part of the adjacent

scanning line having a lower luminance than the predetermined
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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
circuit;

In the vertical velocity modulation apparatus, the
mdvement 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
the pfedetermined value in the luminance change portion in
the vertical direction moves farther apart f£from the part of
the adjacent scanning line 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
speed in the vertical direction of the electron beam is
génerated on the basis of the movement control signal.

Cohsequently. 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
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

luminance is in close proximity to the part of the scanr"xirig
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. 1line having a higher luminance, so that the part of the

scanning line_having_a'high_1uminance enters a level higher
than the original luminance level. As a result, the cpntour
in the vertical direction of a rgproduced image is
emphasized.

The vertical veiocity modulation apparatus may further
comprises a parallel scanning circuit foxr outputting a
parallel scanning signal for making forward and backward
scanning lines formed on the screen by deflecting the
electron beam back and forth parallel, and a synthesizing
circuit for synthesizing the movement control signal
produced by the movement control circult and the parallel
scanning signal ocutputted by the parallel scanning circuit,
and the vertical velocity modulation coil may gene:éte a
magnetic field for modulating the scanning speed in the
vertical direction of the electron beam on the basis of a
signal-syntheéized by the synthesizing circuit.

In this case, a reproduced image having a high density

is obtained by bidirectional scanning, and the contour of the

image in the vertical direction is emphasized by modulating.

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

the quality of the reproduced ihage is increased.
The parallel scanning signal for making the forward and
backward scanning lines in the bidirectional scanning

parallel and the movement control signal for controlling the



10

15

20

- 25

«

WO 99/65227 ' PCT/JP99/03035
21

movement in the vertical direction of the scanning lines are
synthesized, and the magnetic field for modulafing the
velocity in the vertical direction of the eleptron beam is
generated by the vertical velocity modulation coil on the
basis of the synthesized 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.

The movement control circuit may outﬁut the distance
of movement on the screen of a part 6f 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 scanning
line a predetermined number of horizontal scanning 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 bé the object and the level
of the luminance of the part of the scanning line to be the
object.

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 basls 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 scanniﬁg

line the predetermined number of scanning lines behind the



10

- 15

20

25

WO 99/65227 PCT/IP99/03035
22 -

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. The part of the scanning 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
direction -of--thg 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
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 modulated

. on the basis of the emphasized movement control signal.

Consequently, the s.cénning line sharply changes in a vertical

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

of the image is not degraded.

The frequency domain emphasis circuit may comprise an

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 control signal produced by the movement control
circuit and the signal in the frequency domain extracted by

the extraction circuit.

In this case, the predetermined frequency domain of the
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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. Consequently. the predetermined
frequency domain of the movement. control signal is
emphasized.

A vid'eo.display method according to still another aspect
of the present invention comprises the steps of deflecting
an electron beam in the horizontal direction and the vertical
direction, to successively form scanning 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 écanning line having a luminance which is not
less than a predetei‘m’ined value in a luminance change portion
in the vertical direction moves farther apart from a part of
the adjacent scanning line having a lower luminance than the
predetermined \}alue.

In this caSe. the part of the scanning line having a
high luminance is shifted in the direction away from the part
of the adjacent scanning line having a low luminance.
Accordihgly, the par't of the scanning line having a low
luminance is not :'e.a'si'ly affected by the part of the adjacent
scannihg line havihg a high luminance, so that the part of
the scanning line having a low luminance enters the original
low lluminance'level. Further, the part of the scanning line

having a high luminance is in close proximity to the part of
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the scanning line having a higher lumilnance, so that the part
of the scanning line having a hig:hl_lu:l__ninar;ce enfers a level
higher than the original J.uminan_ce_ level. As a result, the
contour in the vertical direction of a reproduced image is
emphasized.

The step of deflecting the electron beam may comprise

the step of deflecting the electron beam back and forth in

. the horizontal direction, to form the forward and backward

scanning lines on the screen.

In this case, the reproduced image having a high density
is obtained by bidirectional'scanning, and the contour of the
image in the vertical direction is emphasized by moduiat:l.ng
the scanning speed in the vertical direction. As a result,
the quality of the reproduced image is incr_e_ased.

The step of modulating the scanning spged may comprise
the steps of outputting a parallel scanning signal for makihg
the forward _ar_z_d_ backward scanning lines parallel, producing
a movement control signal for controlling the movement in the
vertical direction of the scanning line in a 1uminénce change
portion in the vertical direction on the basis of the
luminance signal, synthesizing the parallel scanning _signal
and the movement c_ont:_:ol 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.
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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
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 speéd in the vertical
direction. Conseguently, the apparatus is miniaturized and
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
line on the screen in lthe 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
in the vertical direction in the bidirectional scanning.

The step of modulating the scanning speed may compr:i.se
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

at a reference position previously determined, and the bai:t
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of each of the scanning: lines can be moved from the reference
position ih the luminance change portion in the vertical
direction. Consequently, the image quality is prevented from
being degraded by the shift of the sganning line.

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 thé 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 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.

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

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

of the luminance, so that the contour in the vertical
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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
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 movemen}: control signal.

In this case, the movement control signal for
controlling the movement in the vertical directiomn 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
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.

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 wvertical directioh

is emphasized. As a result, a sharp reproduced image is
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obtained.

Furthermore, the scanning speed in the vertical

" direction is modulated in the bidirectional scanning, so that

the contour in the vertical direction is emphasized in the
image having a high density. As a result, the quality of the
reproduced image is increased.

Furthermore, the parallel scanning signal and the
movement control signal are synthesized, so that the parallel
scanning and the modulation of the scanning speed in the
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

miniaturized and are reduced in cost.

Furthermore, by arranging the vertical velocity
modulation coil in a position departing from the periphery
of the metal case of the electron gun and around the CRT, or
emphasizing the predetermined frequency domain of the
movement control signal, the scanning line sharply changes
in the vertical edge and the horizontal edge of t_he image,

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 video display apparatus according to one embodiment of the

present invention;
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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 showing an example of
luminance distribution in the vertical direction after
vertical contour correction;

- Fig. 3 is a diagram showiﬁg 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
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 parallel
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. 1;

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

before verticai 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 circuit;
Fig. 8 is a diagram showing one example of bidirectional

progressive scanning, and a diagram showing another exaxhpie
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of bidirectilonal progressive scanning:

Fig. 9 is a block diagram showing the configuration of
a vertical correlation detection circuit shown in Fig. 5;

Fig. 10 is a diagram showing a first example of a
movement distance conversion table:

Fig. 11 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 conversipn table;

Fig. 13 is a diagram showing a fourth example of a
movement distance conversion table:

Fig. 14 is a block diagram showing the configuration
of a retrace period reversion circuit;

Fig. 15 is a timing chart showing the operation of the
retrace period reversion-circuit shown in Fig. 14;

Fig. 16 is a block diagram showing another example of
the configuration of a vertical correlation detection
circuit;

Fig. 17 is a diagram éhowing an example of the
characteristics of a conversion table shown in Fig. 16;

Fig. 18 1s a dlagram showing an example of vertical
velocity modulation by the vertical correlation detection
circuilt shown in Fig.. 16;

Fig. 19 is a diagram showing an example 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
each portion in the singular point detection circuit shown
in PFig. 19;

Fig. 22 is a block diagram showing still another e:;ample
of the configuration of a verfical correlation detection
circuit;

Fig. 23 is a cross-sectional view in the horizontal
direction showing an example 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
relationship between a CRT and a vertical velocity modulation
coll;

Fig. 25 is a diagram showing an example of vertical
velocity modulation by the vertical velocity modulation coil
shown in Figs. 23 and 24;

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

modulation circuit shown in Fig. 26;



10

15

20

25

WO 99/65227 PCT/IP99/03035
32 '

Fig. 28 is a circuit diagram showing an example of the
configuration of an intermediate and high frequency
component separation unit;

Fig. 29 is a signal waveform diagram showing the
operation of the frequency compensation circuit shown in,Fig .
27;

Fig. 30 1s a block diagram showing still another example
of the configuration of a vertical velocity modulation
circuit;

Fig. 31 isra'diagram.shoﬁing_a unidirectional
progressive scanning system:

Fig. 32 is a diagrém showing a bidirectional progressive
scanning system; and

‘'Fig. 33 is a diagram showing the luminance distrib_ution
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
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 1, a thom:l_.nance signal

reproduction circuit 2, a synchronizing signal s_eparafidn



10

15

20

25

WO 99/65227 PCT/JP99/03035
' 33 '

circuit 3, a cathode ray tube (CRT) 4, a horizontal deflection
circuit 5, a horizontal velocity modulation circuit 6, a ﬁigh
voltage output circuit 7, a vertical deflection circuit 8,
and a vertical velocity modulation circuit 9. A horizontal
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
signal and outputs the signals, 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
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
circuit 1.
The horizontal deflection circuit 5 comprises a

horizontal driving circuit, a horizontal output circuit, a

‘distortion correction circuit, a linearity correction

circuit, and an S shaped correction capacitor. The

horizontal deflection circuit 5 feeds a saw tooth horizontal
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deflection signal (a horizontal deflecting.cﬁrrent)_to the
horizontal deflection coil LH in order to deflect an electron
beam in the horizontal direction in the cathode ray tube 4
in synchronization with a horizontal synchronizing signal H
outputted from the image signal processing circuit 1.

The horizontal velocity modulation circuit 6 comprises
a pre-driving circuit, a horizontal velocity modulation
driving circuit, and so forth, and feeds, on the basis of a
luminance signal Y outputted from the video signal processing
circuit 1, a horizontal velocity modulation signal (a
horizontal velocity modulating current) for modulating the
velocity of the electron beam in the horizontal direction in

the cathode ray tube 4 to the horizontal velocity modulation

‘coll VMH, to make horizontal cont_our co_rr;ection.

. The high voltage output circuit 7 comprises a high
voltage driving circuit, a flyback transformer, a dynamic
automatic focusing control circuit, and a dynamic automaiic
focusing output circuit, and applies a high voltage to the
cathode ray tube 4 in order to carry out focusing control,
for example.

The vertical deflection circuit 8 comprises a vertical
output circuit, and feeds a saw tooth vertical deflection
signal (a vertical deflecting cu_rrent)_ to the vertical
deflection coil LV in order to deflect the electron beam in

the vertical direction in the cathode ray tube 4 in
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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 velocity modulation circult 9 has a
configuration shown in Fig. 5 described later., and feeds a
vertical velocity modulation signal (a vertical velocity
modulating 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
basis of the luminance signal Y and the horizontal
synchronizing signal H which are outputted from the video
signal processing circult 1, to make vertical contour
correction.

The video display apparatus according to the present
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 velocity
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

example of luminance distribution in the vertical direction
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after the vertical contour correction. The respective

original luminances of scanning lines L1 to L7 are indicated
by pl to p7. The luminances pl and p7 of the scanning lines
L1 and L7 are low, the:luminances p2 and p6 of the scanning

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

" and p5 of the scanning lines L3, L4, and L5 are highest.

As shown in Fig. 2 (a), when the intervals among the
scanning lines Ll to L7 are eqgual, the scanning lines L1 and
L7 having the low luminance are affected by the respective
a&jacent scanning lines L2 and L6 having the high luminance.
Consequently, the luminances of the scanning lines L1 and L7
are higher than the original luminances pl and p7, so that
the scanning lines L1 and L7 look whiter than a color of the
original luminances. As a result, the contour in the vertical
direction of a reproduced image looks blurred.

As shown in Fig. 2 (D), | the scanning lines L2 and L6
having the high luminance are shifted in the direction away
from the respective adjacent scanning lines L1 and L7 having
the low luminance. Consequently, the scanning lines L1 and

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 luminances of.the scanning liens L1
and L7 enter their original low level. Further, the scanning
lines L2 and L6 having the high luminance are in closer

proximity to the scénning lines having the higher lum:.naxicé.
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Consequently, the luminances of the scanning lines L2 and L6
enter a level higher than that of the original luminances p2
and P6, to approach a white level. As a result, the contour
in the vertical direction of the reproduced image is
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
example of the iuminance distribution.

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 L5 is taken as 70 %, and the
luminance of the scanning line L4 is taken as 100 %.

As shown in Fig. 3 (a), the scanning liens L3 and L5
having the luminance of 70 % are respectively adjacent to the
scanning lines L2 and L6 having the luminance of 10 $. 1In
this case, as showh in Fig. 3 (b), the scanning lines L3 and
L5 having the high luminance are respectively moved farther
apart f£rom the scann;ng 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 L5 having the high luminance.

By thus moving the bright scanning line farther apart

from the dark scanning line, the originally dark scanhiﬁg
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-l1ine looks darker, and the originally bright scanning line

looks. brighter. As a result, the contour in the vertical
direction of the image is emphasized.

In bidirectional scanning, the scanning lines must be
scanned in directions parallel to each other on a screen.
Referring to Pig. 4, description is_mad_e. of parallel
scanning. In the following descriptibn, forward scanning and
backward scanning in the bidirectional scanning are
respectively referred to as trace and retrace..

Fig. 4 (a) is a waveform diagram of a vertical deflection

signal IV outputted from the vertical deflection circuit 8

-shown in Fig. 1, Fig. 4 (b) is a waveform diagram of a parallel

scanning signal SA outputted froma parallel scanning circuit
11 described later, and Fig. 4 (c) is a diagram showing
parallel scanning.based on the vertical deflecti_on signal IV
and the parallei scanning signal SA. InFig. 4 (c¢), the number
of scanning lines is taken as m.

The period of the vertical deflection éignal IV shown
in Fig. 4 (a) is equal to the period of the vertical
synchronizing signal V, and the period of the parallel
scanning signal SA shown in Fig. 4 (b) is egual to the period
of the horizontal synchronizing signal H. An electron beam
is deflected downward from the top in a step shape for each
horizontal scanning period in one vertical scanning period

by the vertical deflection signal IV and the parallell
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scanning signal SA, and is deflected rightward from the left
or leftward from the right by the horizontal deflection
signal outputted from the horizontal deflection circuit 5
shown in Fig. 1. Consequently, the parallel scanning of the
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 velocity modulation circuit 9 shown in Fig. 1.
Fig. 6 (a) is a diagram showing an example of scanning lines
before the vertical contour correction, and Fig. 6 (b) is a
diagram showing an example of scanning lines after the

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

waveform diagram showing the operation of the vertical

‘velocity modulation circuit 9 shown in Fig. 5.

In Fig. 5, the vertical velocity modulation circuit 9
comprises a parallel scanning circuit 11, a vertical
correlation detection circuit 12, a retrace period reversion
circuit 13, a clamping circuit 14, a synthesizing circuit 15,
an amplifier 16, and a CPU (Central Processing Unit) 17. A

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

" 16.

In the present embodiment, the horizontal deflection

‘circuit 5 and the horizontal deflection coil LH correspond

to horizontal deflection means, the vertical deflection

circuit 8 and the vertical deflection coil LV correspond to
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vertical deflection means, and the vertical velocity
modulation circuit 9 and the vertical velocity modulation
coil VMV correspond to vertical velocity modulation means.
Further., the parallel scanning circuit 11 corresponds to
parallel scanning means, the vertical correlation detection

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

-clamping circuit 14 constitute movement control means, and

the synthesizing circuit 15 corresponds to synthesis means.
Further, the clamping 6ircuit 14 corresponds to clamping
means, and the CPU 17 corresponds to gain control means.

Referring now to the signal waveform diagram of Fig.
7. description is made of the operation of the vertical
velocity modulation circuit shown in Fig. 5. Here, a case
where the reproduced image shown in Fig. 6 is dis__played will
be described. -

Although a signal is actually delayed for each
horizontal scanning period, respectively, in the vertical

correlation detection circuit 12 and the retrace period

‘reversion circuit 13, described later, the delay of the

signal is not considered in order to make conceptual
understanding of the present embodiment easy in the signal
waveform diagram of Fig. 7.

As shown in Fig. 6 (a), the luminances of the scanning
lines L1, L2, L5, and L6 are high, and the luminance of a part

of each of the scanning lines L3 and L4 is low. In this case,
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as shown in Fig. 6 (b), a part of the scanning line L2 adjacent
to a low luminescent part of the scanning line L3 is shifted
in the direction away from the scanning _.'I.ine L3. A part of
the scanning line L5 adjacent to a low luminance part of the
scanning line L4 is shifted in the direction away from the
scanning line L4.

The parallel scanning circuit 11 shown in Fig. 5 outputs
a saw tooth parallel scanning signal SA in synchronization
with the horizontal synchronizing signal H. The verticai

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 ¥,
and outputs a movement control signal SB representing the
distance of movement on the screen of the scanning line.

In this example, a pulse Pl representing a negative
distance of movement on the screen and a pulse P2 representing
a positive distance of movement on the screen appear in the
movement control signal SB. In this case, the scanning line
is shifted upwar.;d' at a point of the pulse P1l, and the scanning
line is shifted downward at a point of the pulse 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 perxriod,
reverses the time axis of the movement control signal SB

outputted £rom the vertical correlation detection circuit 12
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in a retrace period, and outputs an obtained sigr_xal 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
signal SC outputted from the retrace period reversion circuit
13 to a predetermined DC voltage V, at the timing of the
horizontal synchronizing signal H, and outputs the clamped
movement control signal SD.

The synthesizing circuit 15 synthesizes the. parallel
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 velocity modulation signal SE.

The amplifier 16 amplifies the vertical velocity

‘modulation signal SE outputted from the sjrnthesizing circuit

15 by gain set by the gain control signal SG, and drives the
vertical velocity modulation coil VMV by the amplified
vertical velocity modulation signal SF.

The gain of the amplifier 16 can be controlled by the
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 diag:r.‘gms respectively showing

bidirectional progressive scanning of different numbers of

‘scanning lines.

In the bidirectional progressive scanning shown in fié.
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8 (b), the number of scanning lines is two, and the interval
Between the scanning lines is 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 scanning of 1050 scanning lines.
in Pig. 7, th.e waveform of the vertical velocity modulation
signal SPF in a case where the gain is two is 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 amplifier 16, intervals

AL2 and AL4 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). Consequently, it is

possible to correct the effect of curved shapes in an upper

part and a lower part qf the surface of the cathode ray tube.
4 shown in Fig. 1. 1In this case, the d:l;stance 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

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

Fig. 9 is a block diagram showing the configuration of
the vertical correlation detection circuit 12 shown in Fig.
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.

The A/D converter 21 converts the luminance signal Y

fed from the video signal processing circuit 1 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
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.

The delay circuit 24 delays the digital signal b outputted

- from the delay circuit 23 by one horizontal scanning period,

to output a delayed 4-bit digital signal c.
The inverter 25 inverts the digital signal ¢ outputted
from the delay circuit 24. The adder 26 adds the digital

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 ¢ from the digital signal a is obtained. The result
of the subtraction (a - c¢) of the digital signal ¢ from the
digital signal a is 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 "1”", while representing a positive number when it is "0".

The result of the subtraction (a - ¢) is given to the rise
and fall edge detection unit 27.

A 4-bit threshold value MAGTH 1s previously given from
the CPU 17 shown in Fig. 5 to the rise and fall edge detection
unit 27. The rise and fall edge detection unit 27 outputs
an edge presence or absence signal e and a rise and fall edge
judgment signal 4 on the basis of the result of the
subtrac£ion (a -~ ¢) given from the adder 26. A change point
from a low luminance to a high luminance in the wvertical
direction is referred to as an upper edge, and a change point
from a high luminance to a low luminance is referred to as
a lower edge.

The rise and fall edge detection unit 27 judges that
there is an upper edge when the MSB of the result of the
subtraction (a - c) is 0", that is, a - ¢ 2 0, to set the
rise and fall edge judgment signal 4 to "1”". On the other

hand, the rise and fall edge detection unit 27 judges that
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there is a lower edge when the MSB of the result of the
subtraction (a - ¢) is "1", that is, @ - ¢ < 0, to set the
rise and fall edge judgment signal d to “0". Further, the
rise and fall edge detection unit 27 judges that there is an
upper edge or a lower edge when the result of the subtraction
(a - ¢) 1is 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 result of the subtraction (a -~ c) is
zero, to set the edge presence or absence signal e to "0".
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, wheren =0,.1, 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
digital signal b outputted from the delay circuit _23_. the edge
presence or absence signal e and the rise and fall edge

judgment signal d which are outputted from the rise and fall
edge detection unit 27, and the movement distance conversion

table.

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

- movement distance conversion table. In the example shown in

Fig. 10, the amounts of movement "0000", "0001", “0010",
*0011", "01007, "0101%, “0110", and "011l1" are respectively
set at constants MTHO, MTH1, MTH2, MTH3, MTH4, MTHS5, MTH6,

and MTH7Y.
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The movement distance setting unit 28 selects the
distance of movement on the screen set at the constant MTHn
having a value of n which coincides with the value of the
digital signal b. For example, when the value of the digital
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 "0", while converting
the distance of movement on the screen to a negative value
and outputting the negative value when the rise and fall edge
judgment signal d is “1". The movement distance setting unit
28 converts the selected distance of movement on the screen
into zero and outputs the zero when the edge presence or

absence signal e is "0". That is, when there is no upper edge

‘or lower edge, the distance of movement on the screen of the

scanning line is zero.

The distance of movement on the screen outputted from
the movement distance setting unit 28 is given to one input
terminal of the AND gate 29, while a vertical velocity

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

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-off signal VVMON is "0", vertical
velocity modulation is off. In this case, an output signal
of the AND gate 29 is "0". The output signal of the AND gate
29 is fed to the retrace period reversion circuit 13 shown
in Fig. 5 as the movement control signal 'SB._

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 distance conversion table. In the example shown in
Fig. 11, the distance of movement on the screen "0000" is set

at constants MTHO, MTH1l, and MTH2. Further, the distances

of movement "“0011”", "0l00”", "0101", "0l1l10", and '0.111' are .

respectively set at constants MTH3, MTH4, MTHS, MTHé, and
MTH7. 1In 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 predetermi_ned level is not
shifted.

Fig. 12 is a dlagram showing a third example of the
movement distance conversion table. In the example shown in
Fig. 12, the distance of movement on the screen "0000" is set
at constants MTHO, MTH1, MTH2, and MTH3, and the distance of

movement on the screen "0111" is set at constants MTH4, MT'HS',
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MTH6, and MTH7. In this case, the scanning lines whose
luminances are not less than a predetermined level 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 "0000" is set
at constants MTHO, MTH1, and MTH2, and the amounts of movement
"0001", “0010", "0011”", “0100", and "0101" are respectively

set at constants MTH3, NTH4, MTHS5, MTH6, and MTH7. 1In this

'case, coring processing for removing the effect of nolse is

performed.
Fig. 14 is a block diagram showing the configuration
of the retrace period reversion circuit 13 shown in Fig. 5.

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

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 enable signal RWRE, a

'write address signal RWADR, a read enable signal RRDE, a read

address signal RRADR, and a selection signal SEL.
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The write enable signal TWRE, the write address signal
TWADR, the read enable signal TRDE, and the read address
signal TRADR are fed to the memory 41. The write enable signal
RWRE, the write address signal RWADR, the read enable signal
RRDE, and the read address signal RRADR are fed to the memory
42. The selection signal SEL is fed to the selection circuit
43.

The movement control signal SB outputted from the
vertical correlation detection circuit 12 shown in Fig. 9 is
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

terminal S1 and the other input terminal S2 of the selection

‘circuit 43.

The selection circuit 43 selects the data fed to the
one input terminal S1 and the other input terminal S2 in
response to the selection éignal 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 circuilt
43 into an analog signal, and feeds the analog signal to one
terminal of the capacitor 45. A movement control signal SC
is outputted from the other terminal of the capacitor 45. A

DC component of the oui:put signal of the D/A converter 44 is

‘removed by the capacitor 45. Consequently, the movement

control signal SC changes such that the average voltage level

is zero. The movement control signal SC is fed to the clamj»iiag
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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
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
bits composing each of the digital signals a, b, and ¢ is not
limited to four or eight. For example, the number of bits
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 0 to N. 'Addiesses at which the input data 0

to N are stored in each of the memories 41 and 42 are similarly

‘represented by 0 to N. The write enable signal TWRE, the read

enable signal TRDE, the write enable signal RWRE, and the read
enable signal RRDE represent an enable state when they are
at a low level.

The write enable signal TWRE fed to the memory 41 first
enters an. enable state. At this time, the write address
gignal TWADR is fed to the addresses 0 to N in the memory 41

in this order.. Comnsequently, the input data DI is written

"into the addresses 0 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 enable state. At this time, the read address signal
TRADR is fed to the addresses 0 to N in the memory 41 in this
order. Consequently, the data is read out of the addresses
0 to N in the memory 41 in this order.

When the read enable signal TRDE fed to the memory 41
enters an enable state, the write enable signal RWRE fed to
the memory 42 enters an enable state. At this time, the write
address signal RWADR is fed to the addresses 0 to N in the
memory 42 in this order. Consequently, the input data DI is

written into the addresses 0 to N in the memory 42 in this

-order.

When the write enable signal TWRE fed to the memory 41

‘is in an enable state, the read enable signal RRDE fed to the

memory 42 then enters an enable state. At this time, the read
address signal RRADR is fed to the addresses N to 0 in the
memory 42 in this order. Consequently, the data is read out
of the addresses N to 0 in the memory 42 in this order.
The above-mentioned operations are alternately
repeated. The selection circuit 43 selectively outputs as
the output data DO fed to the input terminal S1 at fhe time
of a reading 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 f£rom the memory 42.
Consequently, data read'out of the memory 41 in a trace

period is the output data DO, and data read out of the me:iuof:y
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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 1s 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 direction away from a part of an adjacent
scanning line having a low luminance in bidireétional
progressive scanning. Therefore, the contour in the vertical
direction of an image having a high density is emphasized,
so that a sharp image is obtained. As a result, the quality
of a reproduced image is increased.

Parallel scanning and vertical contour correction in
the bidirectional progressive scanning are performed by the
common vertical velocity modulation coil VMV, so that the
video display apparatus is 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
the part of eaéh 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 quality is prevented from
being degraded by the shift of the scanning line.

Since the luminance change portion is detected in the
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vertical direction by the vertical correlation detection
circu:_Lt 12 before the time axis of the movement control signal
is reversed by the retrace period reversion circuit 13, the
configuration of the vertical correlation detectlon circuit
12 is not complicated, thereby reducing the circuit scale.
Fig. 16 is a block diagram showing another example of

the configuration of the vertical co_rrelatj.on detection

~circuit 12 shown in Fig. 5.

The vertical correlation detection circuit 12 shown in
Fig. 16 comprises an A/D converter 61, delay circuits 62, 63,
64, and 65, an edge height detection unit 66, conversion
tables 67 and 68, a multiplier 69, a delay circuit 70, a
limiter 71, and an AND gate 72, and a singulazj point detection

unit 73.

The A/D converter 61 converts the luminance signal Y

- fed from the video signal processing circuit 1 shown in Fig.

1 into a 8-bit digital signal al. The d@elay circuit 62. delays

the digital signal al outputted from the A/D converter 61 by
one horizontal scanning period, and outputs a delayed 8-bit
digital signal bl. The delay circuit 63 delays the digital
signal bl outputted from the delay circuit 62 by one
horizontal scanning period, and outputs a delayed 8-bit
digital signal cl. The delay circult 64 delays the digital
signal cl outputted from the delay circuit 63 by one

horizontal scanning period, and outputs a delayed 8-bit
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digital signal dl. The delay circuit 65 delays the digital
signal dl outputted from the delay circuit 64 by one
horizontaITSCanning 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 f1.

The digital signal cl outputted from the delay circuit
63 corresponds to the luminance of a part of a scanning line

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

'delay'circuit 65 corresponds to the luminance of a part of

a scanning line two horizontal scanning periods ahead of the
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. Conseguently, the edge height signal f1

represents the difference between the'lqminance 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.

The conversion table 67 converts the edge height si'gn.al



10

20

25

WO 99/65227 PCT/IP99/03035
56 '

£f1 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
signal cl outputted from the delay circuit 63 in a method,
described later, 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, and outputs a conversion signal hl.
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
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 detection
unit 73, described later, synchronized with each other.
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 singular

point detection unit 73. That is, the limiter 71 limits the

-movement control signal outputted from the delay circuit ‘}0
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to half when a singular polnt 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
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
modulation on-off signal VVMON is "17, vertical velocity
modulation is on. In this case, the AND gate 72 outputs the
movement control signal fed £rom the limiter 71. On the other
hand, when the vertical velocity modulation on-off signél
VVMON is 0", vertical velocity modulation is off. In this
case, the output signal of the AND gate 72 is "0". The output
signal of the AND gate 72 is fed as the movement control signal
SB to the retrace period reversion circuit 13 shown in Fig.
5.

Fig. 17 (a) is a diagram showing an example of the
characteristics of the conversion table 67. In the example
shown in Fig. 17 (a), the value of the conversion signal gl
is changed from 0 to 2.0 depending on the value of the edge
height signal f1. When the value of the edge height signal
f1l is smaller than a predetermined value, the value of the

conversion signal gl becomes zero. That is, vertical
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velocity modulation 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

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 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. .

When the value of the edge height signal f£1 is not less
than the predetermined value, the value of the conversion
signal gl increases depending on the value of the edge height
signal £1. 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
parameters for image quality correctio;l,. and are set to their
most effective states. The characteristic line La may be a
primary curve or a secondary curve. Alternatively, it may
be another curve. The value 1.0 of the conversion signal gl
corresponds to the interval between the two scanning lines.

Fig. 17 (b) is a diagram showing an example of the
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characteristics of the conversion tAble 68. In the example
shown in Pig. 17 (b), the value of the conversion signal hl
is changed f£from 0 to 1.0 depending on the value of the digital
signal cl. When the value of the data signal cl is smaller
than a predetermined value, the value of the conversion
signal hl becomes zero. That is, vertical velocity
modulation is effective in a case where the luminance of the
part of the scanning line to be the object is high. When the
luminance is lower than the predetermined value, therefore,
the distance-of movement on the screen of the scanning line
is set to zero by coring processing such that no vertical
velocity modulation is performed.

When the value of the digital signal cl is not less than
the predetermined value, the value of the conversion signal
hl increases depending on the value of the digital signal cl.
That is, the higher the luminance of the scanning line to be
én object 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
Lb are used as parameters for image quality correction, and
are set to their most effective states. The characteristic
1ine.Lb may be a primary curve or a secondary curve.
Alternatively, it may be another curve. The value 1.0 of the
conversion signal hl corresponds to the interval between the

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
fall edge (a lower edge).

In Fig. 18, the luminances of scanning lines L0 to L9
are respectively indicated by PO to P9. The scanning lines
L1, L3, L7, and L9 respectively indicated by hatched circles
are scanning lines obtained by interpolatio'n processing.

In .the example shown in Fig. 18 (a), the respective
luminances P2 to P6 of the scanning line L2 to the scanning
line L6 are gradually increased. Since the 1uminanc_.e P3 of
the scanning line L3 is lower than a predetermined threshold

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

the luminance P4 of the scanning line L4 and the luminance

P5 of the scanning line L5 exceed the predetermined threshold
level ETH, the scanning line L4 and the scanning lj.ne L5 so
moves as to approach the scanning line L6. The three scanning
lines L4, L5, and L6 are thus concentrated, thereby obtaining

a sharp image whose contour in the vertical direction is

' emphasized. As a result, the qualit_:y of a reprod_uced 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

line L7 are gradually decreased. Since the luminance P6 of
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the scanning line L6 is lower than a predetermined threshold
.'l.eve.l ETH, so that the scanning line L6 does not move. Since
the luminance P4 of the scanning line L4 and the lumina;lce
P5 of the scanning line L5 exceed the predetermined threshold
level ETH, the scanning line L4 and the scanning line L5 so
moves as to approach the scanning line L3. The three scanning

lines L3, L4, and L5 are thus concentrated, thereby obtaining

"a sharp image whose contour in the vertical direction is

emphasized. As a result, the gquality of a reproduced. image
is increased.

Fig. 19 is a block diagram showing an example of the
configuration of the singular point detection unit 73 shown .
in Fig. 16.

As shown in Fig. 19, the singular point detection unit
73 comprises a binary-coding unit 111, delay 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 value th is given to the
binary-coding unit 111. The binary-coding unit 111

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

" converter 61 shown in Fig. 16 on the basis of the threshold

value th, and outputs a one-bit digital signal Al. The delay
circuit 112 delays the digital signal Al outputted from the
binary-coding unit 111 by one horizontal scanning period, and

outputs a delayed one-bit digital signal Bl. The delay
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circuit 113 delays the digital signal Bl outputted £rom the
delay circuit 112 by two horizontal scanning periods, and
outputs a delayed one-bit digital signal Cl. The delay
circult 114 delays the digital signal Cl outputted from the
delay circuit 113 by two horizontal scanning periods, and
outputs a delayed one-bit digital signal Dl. The delay
circuit 115 delays the digital signal D1 outputted from the
delay circuit 114 by one horizontal scanning period, and
outputs a delayed one-bit digital signal El.

TheinverterllGinvertsthedigitalsignalAloutputted
from the binary-coding unit 111. The inverter 117 inverts
the digital signal Bl outputted from the delay circuit 112.
The inverter 117 inverts the dlgital signal Bl outputted from
the delay circuit 112. The inverter 118 inverts the digital
signal D1 outputted from the delay circuit 114. The inverter
119 inverts the digital signal E1 outputted from the delay
circuit 115.

An output signal of the inverter 117, the digital signal
Cl1l outputted from the delay circuit 113, the digital signal
D1 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 delay
circuit 112, the digital signal Cl outputted from the delay

circuit 113, and an output signal of the inverter 118 are
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respectively fed to four input terminals of the AND gate 121.
An output signal F1 of the AND gate 120 and an output signal
Gl of the AND gate 121 are respectively fed to two input
terminals of the OR gate 122. An output signal of the OR gate
122 is fed as the singular point detection signal H1l to the
limiter 71 shown in 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 each portion in the singular point detection circuit 73.
Referring to Figs. 20 and 21, description is hade of the
operation of the singular point deteét:l.on circuit 73 shown
in Fig. 19.

In Fig. 20, the luminances of scanning lines LO to L9
are respectively indicated by PO to P9. The scanning lines
L1, L3, L7, and L9 respectively indicated by hatched circles
are scanning lines obtained by interpolation processing.

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 line L4 (i.e.,
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 line L6 is higher than the

predetermined threshold level ETH, and the edge height of the
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scanning line L6 (i.e., the difference between the luminance

of the scanning line L8 and the luminance P4 of the scanning

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

scanning line L6 is moved in the direction away from the
scanning line L7. At this time, when the scanning line L4
is moved by an amount corresponding to two scanning lines,
and the scanning line L6 is moved by an amount corresponding
to two scanning lines, the position of the scanning line L4
and the position of the scanning line L6 are replaced with
each other. Therefore, the distance of movement on the screen
is limited to half using the scanning line L4 as a singular
point in rise, while being limited to half using the scanning
line L6 as a singular point in fall.

It is detected whether or not the scanning line L4 is
a singular point in rise when the digital signals Al, B1, C1,

D1, and El respectively correspond to the luminances 7, P6,

‘P4, P2, and Pl of the scanning lines L7, L6, L4, L2, and L1.

In this case, the digital signals Al to El are respectively

-*Q", "1", "1", 0", and "0". Consequently, the output signal

Gl of the AND gate 121 is "17, and the singular point detection

.signal Hl1l is "1", as shown in Fig. 21.

It is detected whether or not the scanning line L6 is
a singular point in a fall edge when the digital signals Al,

Bi, Cl1l, D1, and El respectively correspond to the luminances

"P9, P8, P6, P4, and P3 of the scanning lines L9, LS8, L6.'I.4,
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and L3. In this case, the digital signals Al to El1 are
respectively "0", "0", "1", "1", and "0". Consequently, the
output signal F1 of the AND gate 120 is "1”, and the singular
point detection signal Hl is "1", as shown in Fig. 21.

When the singulaz‘ﬁoint detection signal Hl-is “1~”, the
movement control signal is limited to half by the limiter 71
shown in Fig. 16. Consequently, the scanning line L4 50 moves
as to approach the scanning line L5, and the scanning line
L6 so moves as to approach the scanning line L5. The amounts
of movement in this case are respectiﬁely not more than the
interval between the two scanning lines.

When a video sigﬁal 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
vertical frequency which can be displayed (vertical
resolution) is 525 per four scanning lines in a moving image,
while being 525 per two scanning lines in a still image. A
vertical freguency component corresponding to the vertical

res&lﬂtion of approximately 525 per two scanning lines is

fefefred to as a high frequency component, and a vertical

frequency component corresponding to the vertical resolution

of approximatély 525 per four scanning lines is referred to
as an intermediate frequency component.
In the vertical correlation detection circuit 12 shown

in Pig. 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 11ng two vertical
scanning periods behind a part of-a scanning line to be an
object is c€1cu1ated, to extract an intermediate ffequency
component in the vertical direct;on. Therefore, it is
possible to effectively emphasize the contour of an image
including a lot of intermediate frequency componenté.
Particularly, it is possible to sufficiently improve the
quality of white characters.

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
frequency to some extent in o:de: to prevent fliqker in
encoding a video signal. In the case of the interlaced
séanning system, the vertical resolution of a moving image
is one-half the vertical resolution of a still image. In a
general image, the ratio of the moving image is significantly
high.

-In a video display apparatus for converting a video
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 tﬁe video

signal into a video signal in a progressive scanning system

- of 1050 scanning lines, the vertical correlation detection

‘circuit 12 shown in Fig. 16 is used, thereby making it



10

15

20

WO 99/65227 PCT/JP99/03035
67

possible to effectively emphasize the contour of an image.
The video signal in the progressive scanning system of
525 scanning lines which is inputted from a set top box (STB)

is obtained by converting the video signal in the interlaced

‘scanning system of 525 scanning lines 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, similarly to
the video signal in the interlaced scanniﬁg system of 525
scanning lines. In the video display apparatus for
converting the video signal in the progressive scanning
system of 525 scanning lines which is inputted from the set
top box into the video signal in the progressive scanning
system of 1050 scanning lines, the vertical correlation
detection circuit 12 shown in Fig. 16 is used, thereby making
it possible to effectively emphasize the contour of an image.
On the other hand, the video signal in the general
progressive scanning system of 525 scanning lines has high
vertical resolution.: In the video display apparatus for
converting the video signal in the progressive scanning
system of 525 scanning lines into the video signal in the
progressive scanning system of 1050 scanning lines,
therefore, it is possible to synthesize interpolated lines

having high resolution irrespective of a still 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 line one horizontal scanning period ahead of and the
lumihance of a part of a scanning line one horizontal scanning
period behind a part of a scanning line to be an object is
calculated to extract a high freguency component in the
vertical direction. Description is now made of a vertical
correlation detection circuit capable of extracting an
intermediate frequency compohent an(l a high frequency
component.

Fig. 22 is a block diagram showing still another example
of the configuration of the vertica_l correlation detection
circuit 12 shown in Fig. 3.

In the vertical correlation detection circuit 12 shown
in Fig. 22, an edge height detection unit 74, conversion
tables 75 and 76, a multiplier 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

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 Fig. 16.
The edge height detection unit 74 calculates the
difference between a digital signal d1 outputted from a delay

circuit 64 and a digital signal bl outputted from a déléy
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circuit 62, and outputé the difference as an edge height
signal. The digital signal dl1 outputted from the delay
circult 64 corresponds to the luminance of a part of a
scanning line one horizontal scanning period ahead of a part
of a scanning line ‘to be an object, and the digital signal
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
height detection unit 74 represents the difference between
the luminance of the part of the scanning line one horizontal
scannihg period ahead of and the luminance of the scanning
line one horizontal scanning period behind the part of the
scanning line to be the object.

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 héight is not less than a predetermined
vaii:e,’ similarly to a conversion table 67, and outputs a
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,

similarly to a conversion table 68, and outputs a converéibn
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signal.

The multiplier 77 multiples the conversion signal

- outputted from the conversion table 75 and the conversion

signal outputted from the conversion table 76 together, and
outputs the result of the multiplication as a movement
control signal. The mixer 78 respectively weights a movement
control signal outputted from a_multiplier 69 and the
movement control signal outputted from the multiplier 77 in
response to a control signal CNT, adds the signals, and
outputs the result of the addition as a movement cdntrol
signal. The operations of the other portions in the vertical
correlation detection é:l._rcuit 12 shown in Fig. 22 are the same
as those in the vertical correlation detection circuit 12
shown in Fig. 16.

In the vertical correlation detection circuit 12 shown
in Fig. 22, the weighting of the movement control signal
outputted from the multipllier 69 and the weighting of the
movement control signal outputted from the multiplier 77 are
adjusted by the mixer 78, thereby making it possible to
effectively emphasize the contour in the vertical 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-sectlonal views in the

horizontal direction showing the positional rel_ationsﬁib
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between a CRT 4 and a vertical velocity modulation coil VMV.
Fig. 23 shows an example of the arrangement of the vertical
velocity modulation coil VMV, and Fig. 24 shows another
example of the arrangement of the vertical velocity
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 fhe net 40la of the
glass bulb 401. The electron gun 410 is provided with a
plutality of metal cases 411 constituting a plurality of

electrodes. A deflection yoke 420 comprises a horizontal

' deflection coil LH and a vertical deflection coil LV shown

in Fig. 1. The deflection yoke 420 is arranged in a position
including the boundary between the neck 40l1la and the cone 401b
outside the CRT 4.

In the example shown in Fig. 23, the vertical velocity
modulation coil VMV is arranged around the neck 40l1la of the
CRT 4. On the other hand, in the example shown in Fig. 24,
the vertical velocity modulation coil VMV is arranged around

the boundary between the neck 401a and the cone 401b 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 veloclity modulation coil
VMV shown in Figs. 23 and 24. Fig. 25 (a) illustrates an

example of an image, Fig. 25 (b) illustrates the changé 6f
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scanning lines by the vertical velocity modulation 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 Fig. 24.

In the image shown in Fig. 25 (a), the luminance of a
rectangular region-501 is low, and the luminance of a region
502 around the region 501 is high. In Fig. 25 (b), an enlarged
view of a region Rl indicated by a broken line in Fig. 25 (a)
is illustrated. By the vertical velocity modulation. the
scanning speed in.the'vertical direction of an electron beam
is modulated such that a part of a scanning line L11 having
a high luminance moves farther apart from a low luminance part
of an adjacent scanning line L1O.

In the example shown in Fig._23 in which the ve:tical
velocity modulation coll VMV is arranged around the neck 401a
of the CRT 4, a magnetic field formed by the vertical velocity
modulation coil VMV strikes the metal cases 411 of the
electron gun 410. Although a low frequency component of the
magnetic field penetrates the metal cases 411, intermediate
and high frequency components of the magnetic £ield generate
an eddy current in the metal cases 111, so that the
intermediate and high frequency components are converted
into heat. Therefore, the intermediate and high_frequency
components of the magnetic field are attenuateﬂ by the metal

cases 411 of the electron gun 410. . Consequently, the _ga.in
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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 Ll11 adjacent to the _low
luminance part of the scanning line L10 cannot sharply move
in the vertical direction, as shown in Fig. 25 (b).
Contrary to this, in the example shown in Fig. 24 in
which the vertical velocity modulation coil VMV is arranged
inside the deflection yoke 420, a magne-tic field formed by
the vertical velocity modulation coil VMV does not strike the
metal cases 411 of the electron gun 410. Accordingly,

intermediate and high fregquency components of the magnetic

‘field are not attenuated. Consequently, the sensitivity of

the vertical velocity modulation coil VMV is increased, so
tha't scanning lines can be sharply changed at a small current.
As a result, the part 600 of the scanning line L1l adjacent
to the low luminance part of the scanning line L10 can sharply
move in the vertical direction, as shown in Fig. 25 (c).

" When the vertical velocity modulation colil VMV is thus
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 circuit

used for the video display apparatus shown in 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 circuit
12 and a retrace period reversion circuit 13.

The vertical correlation detection circuit 12 shown in
Fig. 26 detects a portion where the change in luminance in
the vertical direction of a scanning line exceeds a
predetermined value on the basis of a luminance signal Y, and
outputs a movement control signal SBl representir_xg_ the _
distance of movement on the screen of the scanning line. The
frequency compensation circunit. 18 subjects the movement
control signal SB1 outputted from the vertical correlation
detection circuit 12 to frequency compensation in a method,

described later, and outputs a movement control signal SB2.

‘The retrace period reversion circuit 13 outputs the movement

control signal SB2 outputted from the frequency compensation

"ecircuit 18 as it is in a trace period, while reversing the

time axis ofl the movement control signal SB2 outputted from
the frequency ‘compensation circuit 18 in a retrace period,
and outputs an obtained signal as a movement control signal
Sc.

- In this example, the frequency compensation circuit 18
corresponds to frequency domain emphasis means.

The configuration and the operation of the other
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portions in the vertical velocity modulation circuit 9a shown
in Fig. 26 are the same as the configuration and the operation
of those :Lﬁ the vertical velocity modulation circuit 9 shown
in Fig. 5.

Fig. 27 is a block diagram showing the configuration

of the frequency compensation circuit 18 in the vertical

velocity modulation circuit 9a shown in Fig. 26.

" The frequency compensation circuilt 18 comprises an
intermediate and high frequency separation unit 181, a gain
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 respectively constituted by
digital circuits or analog circuits.

When the intermediate and high frequency separation
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 freguency
compensation circuit 18 shown in Fig. 26, and an A/D converter
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 filter or a primary
differentiation circuit, for example. Fig. 28 is a circﬁit

diagram showing an example of the configuration of the
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intermediate and high fregquency separation un_it 181. The

intermediate and high frequency separation 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.

Fig. 29 is a signal waveform diagram showi_ng the
operation of the frequency compensation circuit 18 shqwn in
Fig. 27. Referring now to the signal waveform diagram_of Fig.

29, the operation of the frequency compensation circuit 18

-shown in Fig. 27 will be described.

The intermediate and high frequency separation unit 181
subjects the movement control signal SBl to primary
differentiation, and dutputs a differentiation signal EG1.
In a low level period Tl of the movement control signal SBl,
scanning lines shall move downward. In an intermediate level
period T2 of the movement control signal SBl, the scanning
lines does not move up and down. The movement control signal
SB1 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 EG1 outputted from the intermediate and high_frequency

separation unit 181 by previously set gain, and feeds “the
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amplified differentiation signal EG2 to the adder 183. The

adder 183 adds the movement control signal SB1 and the
differentiation signal EG2 together, and outputs the
movement control signal SB2. In the movement control signal
SB2, its edge is emphasized.

As a result, in the example of the image shown in Fig.
25 (a), the part 600 of the scanniﬁg line L11 adjacent to the
low luminance portion of the scanning line L10 can sharply
move in the vertical direction, as:in Fig. 25 (c¢c). When the
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
gquality of the lmage is not degraded, as in the case shown
in Fig. 24 in which the vertical velocity modulation coil VMV
is arranged inside the deflection yoke 420. -

When the arrangement of the vertical velocity
modulation coil VMV shown in Fig. 24 is used, as described
above, the magnetic field generated by the vertical velocity
modulation coil VMV is not affected by the structure of the
electron gun 410, so that signal characteristics in the
vertical velocity modulation 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

compensation circuit.



10

a5

25

WO 99/65227 . PCT/IP99/03035
78

~ When the vertical velocity modulation circuit 9a shown

in Fig. 26 is used, vertical velocity modulation in which the
image quality is not de'graded'is: realized without changing
the structures of the CRT 4 and the deflection yoke 420.

Fig. 30 is a block diagram showing still another example
of the configuration of a vertical velocity modulation
circult. A vertical velocity modulation circuit 9b shown in
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 correlation detection circuit 12, a

frequency compensation circuit 18, and an amplifier 16. The

'configurations and the operations of the vertical

: correlation detection circuit 12 and the amplifier 16 are the

same as the configurations and the operations of the vertical
correlation detection circuit 12 and the amplif_:_i.ef 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 :Ereq_uency
compensation circuit 18 shown in Fig. 26.

When the vertical veloclity meodulation circuit 9b shown
in Fig. 30 1is used, v.ei:tical scanning modulation in which a
scanning line sharply changes in a vertical edge and a
horizontal edge of an image in unidirectional scanning, so

that the quality of the image is not degraded is realiéed.
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Industrial Applicability

As described in the foregoing, a video display
apparatus, a vertical velocity modulation apparatus, and a
video display method according to the present invention can
be suitably used for television receivers, display monitors,
and sb forth of a bidirectional scanning éystem and a
unidirectional scanning system in which an image of high

guality is displayed.
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1. A video display apparatus comprising:

CLAIMS

" a horizontal deflection circuit for defleqting 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 vexrtical direction; and
a vertical velocity modulation pircuit for modulating
10 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 dirgction moves farther apart
from a part of the adjacent scanning line having a lower

15 luminance than said predetermined wvalue.

- 2. 'The video display apparatus according to claim 1,
wherein said horizontal deflection circuit deflects the

- elecfl:;:on beam back and forth in the horizontal direction, to
20 form;forward and backward scanning lines on the screen.

{

3. ‘The video display apparatus according to claim 2,

wherein

" sald wvertical velocity modulation circuit comprises

O g

25
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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 ci_rcuit parallel,

a movement control circuit for producing a movement
control signal for controlling the movement in 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
and the movement control signal produced by said 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 eélectron beam on the basis of a

signal synthesized by sald synthesizing circuit.

4. The video display apparatus according to claim 3,
wherein

said movement control circuit comprises

- a chénge'portibn 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 fhe
scanning line on the screen in the vertical direction in-tﬁe

/:.
L

\\\*\\\\\c\\\\\\t\\_\ﬁ ALY



15

20

WO 99/65227 ' L PCT/IP99/03035
82

Juminance chanQe portion detected by said change portion
detection circuit on the basis of the luminance signal, and
"a time axls reversion circuit for feve:sing the time
axis of the movement. control signal_gutputted by said
movement distance output circuit in backward scanning by said

horizohtal deflection circuit. _

5. The video display apparatus according-to claim 3,

wherein

sald vertical velocity modulation circuit further

comprises

a clamping circuit: for clamping the movement control

signal produced by sald movement control circuit to a

-predetermined potential at predetermined timing. - -

6. The video display apparatus according to-claim 3,

wherein

said vertical velocity modulation circuit further

comprises

an amplifier for amplifying the signal synthesized by

said synthesizing circuit, and N

a gain control circuit for controlling the gain of said.

amplifier.

7. The video display apparatus according to claiﬁ é,

-
\\!\\l\l\\\\\}l\\}\\\\\!\\\!\\
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wherein said gain control circuit controls the gain of said
amplifier on the basis of the number of the scanning lines

formed on the screen by said horizontal deflection circuit.

8. The video display apparatus according to claim 6,
wherein said gain control circuit 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 display 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
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
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, and

a vertical velocity modulation coil for generating a
magnetic field for modulatihg the scanning speed in the

vertical direction of the electron beam on the basis of'tﬁe

J———
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movement control signal outputted from said movemenf

distance output circuit.

10. The video display apparatus according to claim 9,
wherein

said movement distance output circuit comprises

a 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 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,

a first signal output circuit for outputting a first
movement distance signal on the basis of an output signal of
said difference calculation circuit,

a second signal output circuit for outputting a second
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 said first signal
output circuit and the second movement distance signal
outputted from said second signal output circuit together,

and outputting the result of the multiplication as said

movement control signal.

N
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11. . The video display apparatus according to claim 10,
wvherein

said first signal output circuit sets the value of said
first movement distance. signal to zero when the value of the
output signal of said difference calculation circuit is
smaller than a predetermined value, and

said second signal output circuit sets the value of sald
second movement distance signal to ﬁero when the luminance
of the part of said scanning line to be the object is smaller

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
line to be the object is the scanning line two horizontal
scanning périods 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
scaiming line to be the object is the scanning line two

horizontal scanning periods behind the part of the scanning

line to be the object.

13. 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 scanhiﬁg

_
| Y mm
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line to be the object is the scanning line one horizontal
scanning period ahead of the part of the scanning line to be
the object, and the scanning line said predetermined number
of horizontal séanning periods behind the part of the
scanning line to be the object is the scanning line one
horizontal scaﬁning period behind the part of the scanning

line to be the object. -

14. The video display apparatus according to claim 9,

wherein

said vertical velocity modulation circuit further
comprises
- amovement distance limitation circuit for limiting the _
distance of movement on the screen of the part of the 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 line. .

15. The video display apparatus according to claim 14,

wherein

said movement distance limitation circuit limits the
movement control signal outputted from said movement

distance output circuilt to half when the luminance of the part

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

the part of the scanning line two horizontal scanning perioés

S
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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 luminance of the part of the scanning line three
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 less than the predetermined value, or when the luminance
of the part of the scanning line to be the object and the
luminance of the part of the scanning line two horizontal
scanning periods ahead of the part of said 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 behind, the luminance of the part of the

scanning line three horizontal scanning periods behind, and
the luminance of the part of the scanning line three
horizontal scanning periods ahead of the -part of said
scanning line to be the object are less than the predetermined

value.

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

having a metal case,

R R A

PCT/JP99/03035
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sald vertical velocity modulation circuit comprising
a movement control circuit for producing a movement

control signal for controlling the movement in the vertical

- direction of the scanning lines on the basis of the luminance

signal, and

‘a vertical velocity modulation coil disposed in a
position departing from. the periphery of said metal case of
salid electron gun and around said cathode ray tube for
generating a magnetic.f;ield for modulating the scanning speed
in the vertical direction of the electron beam on the bésis
of said movement control signal produced by said movement

control circuit.

17. The video display apparatus according to claim 16,
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 deflection circuit and_said
vertical deflection circuit,

said vertical velocity modulation coil being arranged

inside said deflection yoke.

18. The video display apparatus according to claim 1,

wherein

said vertical velocity modulation circuit compriéeé

B LA
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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 said movement control
signal produced by said 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 on the basis of said

movement control signal emphasized by said frequency domain

emphasis cilrcuit.

19. The video display apparatus according to claim 18,
wherein

said Frequency domain emphasis cirocuilt comprises

an extraction circuit for extracting said
predetermined fregquency domain of said movement control
signal produced by said movement control circuit, and

an adder for adding said movement contrbl signal
producéd by said movement control circuit and the signal in
said frequency domain extracted by said extraction circuit
together.

\
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20. A vertical velocity modulation apparatus for
modu;ating 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 controlling the movement in the vertical
direction of the scanning lines 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 on the basis of a luminance signal moves

farther apart from a part of the adjacent scannin'g line having

‘a lower luminance than said predeterm;ned 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 said movement control

circuit.

21. The verticél velocity modulation apparatus
according to claim 20, further comprising

a parallel scanning .circuit for outputting.a éarallel
scanning signal for making forward_and backward scanning
lines formed on the screen by deflecting the electron beam

back and forth parallel, and

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 circuilt,

said vertical velocity modulation coil generating a
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 circuit.

22. The vertical velocity modulation apparatus
according to claim 20, wherein said movement control circuit
outputs the distance of movement on the screen of a part of
the scanning line to be an object as said movement control
signal on the basisiof 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 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.

23. The vertical velocity modulation apparatus
according to claim 20, further comprising a frequency domain
emphasis circuit for emphasizing a predetermined frequency
domain of said movement control signal produced by séid

movement control 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 said movement control circuit and the signal in

said frequency domain extracted by said 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
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
vaiue in a luminance change portion in the vertical direction

moves farther apart from a part of the adjacent scanning 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

the step of deflecting the electron beam back and forth in

-
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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,
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,

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
movement control signal, and

generating a magnetic field for modulating the scanning
speed in the vertical direction of the electron beam on the

baslis of a synthesized signal.

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

direction on the basis of the luminance signal,

U
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outputting the distance of movement of the scanning 1ine
on the screen in the vertical direction in said luminance
change portion as said movement control signal on the basis

of the luminance signal, and

reversing the time axis of said movement control signal

in said backward scanning.

29. The video display method according to claim 27,

wherein

the step of modulating said scanning speed comprisesthe

‘step of

clamping said movement control signal to a

predetermined potential at predetermined timing.

30. The video display method accqrding 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
part of said scanning line to be the object on the basis of
the difference between the luminance of the part of the
scanning 1ine_the predetermined number of horizontal
scanning periods ahead of and the luminance of the part of
the scanning line the predetermined number of horizoﬁtal

scanning periods behind the part of the scanning line to be

AN
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the object and the level of the luminahce of the part of the

scanning line to be the object.

31. The video display method according to claim 25,
wherein

the step of modulating said scanning speed comprises
the steps of

producing a movement control signal for controlling the
movement in the vertical direction of the scanning lines on
the basis of the luminance signal,

emphasizing a predetermined frequency domain of said
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 said movement control signal.
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