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(57) Abréegée/Abstract:

A light quantity control by a user can be synchronized to an automatic light quantity control depending on a luminance level of an
Input video signal. An image display apparatus partially passes or reflects a light from a light source which can control light guantity
and displays an image based on a video signal externally input, and has a predetermined scope of an output level corresponding to
a scope of control of light quantity of the light source, and includes: a light quantity control unit having a predetermined scope of an
output level corresponding to the scope of control of the light quantity of the light source, and for outputting a reference signal at a
level arbitrarily set by a user; an APL detection circuit for detecting the average luminance level for one frame (or one field) of the
video signhal, and outputting an amplification coefficient depending on the detected average luminance level; a multiplier circuit for
multiplying the amplification coefficient by a reference signal, and outputting a control signal which is the multiplication result; and a

power circuit for controlling the light quantity of the light source according to the control signal.
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ABSTRACT OF THE DISCLOSURE

A light quantity control by a user can be synchronized to
an automatic light quantity control depending on a luminance
level of an input video signal. An image display apparatus
partially passes or reflects a light from a 1light source which
can control light quantity and displays an image based on a video
signal externally input, and has a predetermined scope of an
output level corresponding to a scope of control of light quantity
of the 1light source, and includes: a 1ight quantity control unit
having a predetermined scope of an output level corresponding
to the scope of control of the 1ight quantity 6f the 1light source,
and for outputting a reference signal at a level arbitrarily
set by a user; an APL detection circuit for detecting the average
luminance level for one frame (or one £ield) of the video signal,
and outputting an amplification coefficient depending on the
detected average luminance level; a multiplier circuit for
multiplying the amplificationcoefficient by areference signal,
and outputting a control signal which is the multiplication
result: and a power circult for controlling the light quantity

of the light source according to the control signal.
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IMAGE DISPLAY APPARATUS, LIGHT QUANTITY CONTROL METHOD, AND

STORAGE MEDIUM STORING PROGRAM THEREOF

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to an apparatus ahd a method
of displaying an image by partially passing through or reflecting
a light from a iight source, and more specifically to an image
display apparatus and a light quantity control method capable

of controlling the light quantity of the light source.

An example of the image display apparatus described above,
can be a projector of projecting an enlarged image formed on
a 1iquid crystal panel by illuminating the liquid crystal panel
by the light from the light source. The projector can be a
three-board liquid crystal projector or a single-board liquid
crystal projectorQ For example, FIG. 11 shows an outline of

a configuration of a single-board liquid crystal projector.

In FIG. 11, the liquid crystal projector includes a light
source 200, a converging lens 201 for converging a light from
the light source 200, a liquid crystal panel 202 illuminated
by the 1ight converged by the converging lens 201, andaprojection
lens 203 for projecting an image (transmission light) formed.
on the liquid crystal panel 202 on a screen 204 as an enlarged
image. The liquidcrystal panel 202 is awell-known .color liquid

crystal panel, and a color image is formed on the panel.

In the liquid crystal projector described above, an image

is formed on the liquid crystal panel 202 according to the video
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signal input from external equipment (video equipment (a video
tape recorder (VIR), a video camera, etc.)), and a formed image
is displayed on the screen 204. Normally, the projector has
the function of controlling the 1ight quantity of the 1light source
200, and the user utilizes the function to, for example, set
a displayed' image at a visible brightness level depending on
the brightness of the surroundings when the projector is
activated.

Recently, to obtain a more visible image, there has been
a suggestion to control the contrast or the light quantity of
a displayed image depending on the luminance level of an input
video signal. For example, there is the technology of obtaining
desired contrast at a constant display luminance level by
detecting the maximum luminance level (MAX) and the minimum
luminance level (MIN) of an input video signal, lowering the
contrast when the maximum amplitude obtained from these values
are large, raising the contrast when they are small, detecting
theaveragepicture level (APL) of the input videosignal, reducing
the light quantity of the light source when the detected APL
is higher than a predetermined reference luminance level, and
increasingthelight quantityof the 1light sourcewhenthedetected
APL is lower than the reference luminance level.

However, in the above mentioned case, the light quantity
of the light source is also l1ncreased for the input video signal
of a dark image mostly occupied by a black area in the entire
displayed image. Therefore, there occurs an intensified black

phenomenon that a black area appears bright. An 'intensified

black phenomenon' 1is described below.
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For example, when ablack area (A) is displayed on the screen
204 using the liquid crystal projector shown in FIG. 11, the
light from the light source 200 is shield in the pixel area (B)
of the liquid crystal panel 202 corresponding to the black area
(A). However, it is actually impossible to completely shield
the light from the light source 200 in the pixel area (B) of
the liquid crystal panel 202. Therefore, a part of the light
from the 1light source 200 reaches the black area (A) on the screen
204 after passing through the pixel area (B) of the liquid crystal
panel 202, thereby allowing the black area (A) to appear brighter
than the actual level. This is referred to as an intensified
black phenomenon. The intensified black phenomenon is not a
big problem when the light quantity of the light source 200 is
small because the quantity of the light reaching the black area
(A) is also small. However, when the light quantity from the
light source 200 is not small, a large amount of light reaches
the black area (A), thereby causing a visual problem.

Thus, various devices have been developed and suggested
to solve the above mentioned problem of an intensified black
phenomenon. For example, the image display apparatus disclosed
by Japanese Patent Laid-Open Publication No. 2001-27890 1s
described below.

FIG. 12 is a block diagram of the configuration of the image
display apparatus disclosed in the publication. The image
display apparatus includes a characteristicextractionunitlll,
an input signal processing unit 113, a 1light source control unit

116, a photo-receiving photo-modulation unlit 117 provided with
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a light source 118, a data determination unit 151, and a control
data generation unit 152.

A video signal output from the video signal processing
circuit of a television receiver or a computer device, etc. is
supplied to each of the characteristic extraction unit (the
feature detecting part) 111, the input signal processing unit
113, and the data determination unit 151. The characteristic
extraction unit 111 detects each the maximum luminance level
(MAX), the minimum luminance level (MIN), and the average picture
level (APL) of an input video signal.

The input signal processing unit 113 includes a signal
amplitude control unit for amplifying an input video signal up
to the dynamic range width which is the scope of processing a
signal by the input signal processing unit 113 with reference
to the APL based on the gain value provided by the control data
generation unit 152, and a DC level control unit for shifting
the level of the amplified video signal to set it within the
dynamic range width based on the offset value provided by the
control data generation unit 152. The light source control unit
116 controls the light quantity of the light source 118 based
on the offset value provided by the control data generation unit
152.

The data determination unit 151 extracts a bright area from
the input video signals, determines whether or not the bright
area is larger than a predetermined reference value, and outputs
the determination result to the control data generation unit
(the control data generating part) 152. The control data

generation unit 152 obtains a gain value and an offset wvalue
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from the MAX, MIN, and APL detected by the characteristic
extraction unit 111, and changes the obtained offset wvalue
depending on the determination result of the data determination
unit 151. Described below in brief is the process procedure
of the control data generation unit 152.

In a normal operation, that is, when the data determination
unit 151 determines that the bright area is larger than the
reference value, the control data generation unit 152 obtains
a gain value for amplification of the maximum amplitude of the
input video signal up to the dynamic range width, and outputs
the value to the signal amplitude control unit of the input signal
processing unit 113. Then, the control data generation unit
152 obtains an offset value for assignment of a DC level shift
amount to set the amplified video signal output from the signal
amplitude control unit within the dynamic range, and outputs
it to the DC level control unit of the input signal processing
unit 113 and the light source control unit 116.

Upon recelpt of such a determination result £from the data
determination unit 15 that the bright area is smaller than the
reference value, the control data generation unit 152 changes
the obtained offset value. Concretely, the control data
generationunit 152 changes the DC level difference of the offset
value such that the luminance level of the light source 118 can
be lower.

The image display apparatus with the above mentioned
configuration controls the input video signal having a bright
area larger than a predetermined reference value by controlling

the contrast by the amplification of the signal amplitude with
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reference to the APL, and by controlling the light quantity of
the light source such that the APL of the amplified signal can
match the APL of the signal before amplification. In this case,
the control of the light quantity is normally performed such
that the light quantity can be increased when the APL is small,
and such that the light quantity can be reduced when the APL
is large. Although an intensified black phenomenon occurs if
the control of 1light quantity is applied as is to the input video
signalof adarkimage, theabovementioned imagedisplayapparatus
controls the input video signal (dark image) smaller than a
predetermined reference value for a bright area such that the
light quantity of the light source 118 can be reduced in addition
to the control of the contrast by the amplification of the signal
amplitude with reference to the APL to avoid the intensified
black phenomenon. Thus, the intensified black phenomehon can
be successfully suppressed.

As explained above by referring to the projector shown in
FIG. 11, the above mentioned image display apparatus normally
has a function of controlling the light quantity so that the
light quantity of a 1ight source can be arbitrarily controlled,
and the user can control the displayed image to set at a desired
brightness level using the function of controlling the light
quantity. To display a visible image to a user, it is desired
that control of light quantity by the user cooperates with the
automatic control of light quantity depending on the luminance
level of the above mentioned input video signal. However, in
the image display apparatus shown in FIG. 12, the cooperative

operation is not performed. Normally, the control of light
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quantity by a user and the automatic control of light quantity
depending on the luminance level of the input video signal are
independentlycontrolled. Therefore, whenacircult isdesigned
foracooperativeoperationbetween these systems, it ispredicted

that the circuit configuration becomes complicated and costly.

SUMMARY OF THE INVENTION

The present invention aims at solving the above mentioned
problems, and providing an inexpensive image display apparatus
andalightquantitycontrolmethodcapableofallowingthecontrol
of light quantity by a user and the automatic control of light
quantity dependingon the luminance level of an input video signal
to cooperate with each other.

To attain the above mentioned objects, the image display
apparatus acdording to the present invention includes a light
source whose quantity can be controlled, displays an image based
onavideosignalexternallyinputafterpartiallypassing through
or reflecting a 1light £from the 1ight source, and includes: l1light
quantity control means having a predetermined scope of an output
level corresponding to the scope of control of the 1light quantity
of the light source, and for outputting a reference signal at
a level arbitrarily set by a user; level control means for
detecting average brightness of the displayed image according
to the video signal, and controlling the level of the reference
signal output from the light quantity control means depending
on the detected brightness; and control means for controlling

the light quantity of the light source according to the signal

controlled by the level control means.
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In the above mentioned case, the level control means can

- be configured to lower the level of the reference signal when

the detected brightness is low. In this case, the external video
signal is input in a frame or field unit, and the level control
means can include: average luminance level detection means for
detecting an average luminance level of the video signal in the
frame or the field unit, and for outputting an amplification
coefficient depending on the detected average luminance level;
and multiplier means for multiplying the video signal by the
amplification coefficient output from the average luminance
level detection means. Addltionally, the level control means
can further include gamma correction means for multiplying the
amplification coefficient output from the average luminance
level detection means by a gamma correction coefficient obtained
from a predetermined gamma characteristic; and the multiplier
means can multiply the reference signal by the correction
coefficient obtained by multiplying the gamma correction
coefficient.

The 1light quantity control method according to the present
invention is used with an image display apparatus which has a
light source whose quantity can be controlled, and which displays
an lmage based on a video signal externally input after partially
passing through or reflecting a light from the light source.
The method includes: a first step of generating a reference signal
at alevel arbitrarily set byauser froma scope of a predeterm:l.ned
level corresponding to the scope of the control of the light
quantity of the 1light source; a second step of detecting average

brightness of the displayed image according to the video signal;
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a third step of controlling a level of the reference signal
generated in the first step depending on the average brightness
detected in the second step; and a fourth step of controlling
the 1light quantity of the light source according to ~the signal
whose level is controlled in the third step.

In the above mentioned case, the level control in the third
step is to lower the reference signal when the average brightness
of the image detected in the second step is set at a low light
level.

An average luminance level for one frame or one field of
the video signal externally input in a frame or a field unit
is detected in the second step. The third step can include:
a step of generating an amplification coefficient depending on
the average luminance level of the detected video signal for
one frame or one fleld; and a step of multiplying the reference
signal by the generated amplification coefficient.

Furthermore, an average luminance level for one frame or
one field of the video signal externally input in a frame or
a field unit is detected in sald second step. The third step
can include: a step of generating an amplification coefficient
depending on the average luminance level of the detected video
signal for one frame or one field; a step of multiplying the
generated amplification coefficient by a gamma correction
coefficient obtained from a predetermined gamma characteristic:;
and a step of multiplying the reference signal by a correction

coefficient obtained by multiplying the gamma correction

coefficient.
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According to the above mentioned present invention, level
control is performed depending on an average brightness of an
image on a reference signal arbitrarily set by the user, and
the light quantity of a light source is controlled according
to the level-controlled signal. Therefore, the control of light
quantity by the user and the automatic control of 1light quantity
can be cooperatively performed. Since the level control of the
reference signal can be realized by a simple clrcuit formed of
an integration circuit and a multiplier circuit, the circuit
configuration 1s not complicated or costly.

Furthermore, according to the present invention, the level
control is performed such that the level of the reference signal
can be lowered when the average brightness of a displayed image
is low. Therefore, the light quantity of the light source is
reduced when the displayed image is dark, thereby reducing the
occurrence of the intensified black phenomenon described above
by referring to the conventional problems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an outline of a configuration
of an image display apparatus according to a first embodiment
of the present invention;

FIG. 2 shows a type of an example of a DC clamp;

FIG. 3 shows a comparison result between the image display
apparatus having no automatic light quantity control facility
(constant light quantity) and the image display apparatus shown
in FIG. 1 with regard to the relationship between the light

quantity of a light source and a screen illumination;
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FIG. 4 is a block diagram of an outline of a configuration
of an image display apparatus according to a second embodiment

of the present invention:

FIG. 5 shows a relationship between a gamma correction
coefficient and an APL;

FIG. 6 shows a comparison result between the lmage display
apparatus having no automatic light quantity control facility
(constant light quantity)and the image display apparatus shown
in FIG. 4 with regard to the relationship between the light
quantity of a light source and a screen lllumination;

FIGS. 7, 8, and 9 are flowcharts of operations according
to the first embodiment of the present invention;

FIG. 10 is a flowchart of the operation according to the

second embodiment;

FIG. 11 shows anoutline of aconfigurationof asingle-board
liquid crystal projector; and

FIG. 12 is a block diagram of an outline of a configuration

of the image display apparatus described in Japanese Patent

Laid-Open Publication No. 2001-27890.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will be described
below by referring to the attached drawings.

(Embodiment 1)
FIG. 1 is a block diagram of an outline of a configuration
of an image display apparatus according to a first embodiment

of the present invention. The image display apparatus according

to the present embodiment regenerates a video signal input from

external equipment (video equipment, a computer device, etc.),
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and comprises: a light source 6 whose light quantity can be
controlled; a light quantity control unit 3 which has a
predetermined output level corresponding to the light quantity
control of the light source 6, and outputs a reference signal
D1 of a level arbitrarily set by a user; level control means
(indicated by a frame in broken lines shown in FIG. 1) having
a video signal input circuit 1, an APL detectlion circuit 2, and
a multiplier circuit 4; a power circuit 5 for controlling the
light quantity of the light source 6 according to a control signal
D3 level-controlled by the level control means; a CPU (central
processing unit) 7 for controlling the circuits 1, 2, 4, and
5-, and the light quantity control unit 3 ; and a storage medium
8.

To make the explanation of the operations of each of the
abovementionedcomponentsmoreeasilyunderstandable, described
below in brief are the image displaying operations of the image
display apparatus according to the present embodiment. Although
not shown in FIG. 1, a well-known display device such as a 1iquid
crystal panel, etc. is provided in a traveling dlrection of the
light fromthe light source 6. Byilluminatingthedisplaydevice
with the 1light from the light source 6, an image is formed, and
projectedonthe screen. Thegenerationof animage inthe display
device is controlled by a drive circuit not shown in the attached
drawings. Normally, avideosignal input fromexternal equipment
is stored in image memory in a frame (or a field) unit, and a
drive circuit controls a display device accoxrding to the video

signal read from the lmage memory. By the control through the
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drive circuit, the display device forms an image in a frame (or
a field) unit.

The video signal input circuit 1 comprises a well-known
clamping circuit. The video signal input circuit 1 clamps a
video signal input from external equipment in a frame (ora field)
unit with a direct current (DC), and outputs the clamped signal
to the APL detection circuit 2.

FIG. 2 shows a type of an example of a DC clamp. The display
device described above by' referring to the displayed operations
has a plurality of scanning lines, one frame (or f£field) of video
signals input from the external equipment contain signals of
a video area corresponding to each scanning line of the display
device. A signal of each video area is sectioned by a horizontal
synchronizationsignal correspondingtoanewline, andtheentire
signals are sectioned by a vertical synchronization signal (not
shown in the attached drawings) corresponding to a new page.
The video signal shown in FIG. 2 1s a signal in a video area
corresponding to one scanning line, and the video signal input
circuit 1 clamps the signal of the video area at a reference
clamp level (in this embodiment, a pedestal level). The clamp
by the video signal input circuit 1 is performed on each of the
signals in the video area corresponding to each scanning line.

The APL detection circuit 2 extracts the luminance level
of the video area for each of the signals of the video area
corresponding to each scanning line which are dc-clamped by the
video signal input circuit, obtains the average picture level
(APL) of the luminance level of the video area in the entire

videosignalsofoneframe (orfield), andoutputsanamplification
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coefficient D2 (DC voltage) proportional to the obtained APL
to the multiplier circuit 4. The range of the amplification
coefficient D2 output from the APL detection circuit 2 is, for
example, from0V to 1lV, and the obtained APL is converted within
the scope 1in the APL detection circuit 2. These operations are,
for example, realized using a well-known integrator circuit.

The light quantity control unit 3 outputs the reference
signal D1 (DC voltage) corresponding to the set light quantity
to the multiplier circuit 4, at the portion where the user sets
the light quantlty of the light source 6. The range of the
reference signal D1 (DC voltage) output from the light quantity'
control unit 3 i1s, for example, 0 V to 10 V.

The multiplier circuit 4 multiplies the reference signal
D1 from the light quantity control unit 3 by the amplification
coefficient D2 from the APL detection circuit 2, and outputs
to the power circult 5 the control signal D3 (DC voltage) which

is a multiplication result. The range of the control signal

D3 is O V to 10 V.

The power circult 5 controls the 1light quantity of the 1ight
source 6 according to the control signal D3 provided by the
multiplier circuit 4. The power circuit 5 controls the output
of the light source within the range from 0% to 100% depending
on the range of the control signal D3 from 0 V to 10 V.

The light quantity controlling operation of the image
display apparatus according to the present embodiment is

described below by referring to the flowcharts shown in FIGS.

7 to 9.

(1) Controlling a light quantity by a user

MACIK T =S R® e= = .. LA RS - . - - aees T R A WA T renbe b, W A, Saase. RS L



10

15

20

25

CA 02413963 2002-12-10
- 15 -

Ausercontrols the light quantity through the 1ight quantity
control unit 3 such that the brightness of an image displayed
on the screen can be set at a desired brightness level. When
the displayed image 1s set at the brightest level, the value
of the reference signal D1 output £from the light quantity control
unit 3 is 10 V. When it is set at the lowest brightness level,
the value of the reference signal D1 output from the 1ight quantity
control unit 3is 0V (refer to S1 shown in FIG. 7). The reference
signal D1 from the light quantity control unit 3 is input into
the multiplier circuit 4.

The output (OUT) of the light source 6 1s represented by
the following equation.

OUT (proportional to D3) = D1 x D2
Therefore, for example, 1f the amplification coefficient D2
output from the APL detection circuit 2 is constant, the light
quantity of the light source 6 changes with the value of the
reference signal D1 from the 1light quantity control unit 3. That
is, the control of the light quantity by the user 1s directly
reflected by the change in light quantity of the light source
6.

(2) Automatic control of light quantity

When the video signal is input into the video signal input
circuit 1 from the external equipment in a frame (or a field)
unit, the video signal input circult 1 clamps the input wvideo
signal at a predetermined direct current level. Then, the APL
detection circuit 2 obtains the APL of the luminance level of
the video area according to the video signal DC-clamped in the

video signal input circuit 1 (refer to S2 shown in FIG. 7), and
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inputs into the multiplier circuit 4 the amplification
coefficient D2 corresponding to the obtained APL. If the APL
is large, the value of the amplification coefficient D2 becomes
large correspondingly (on condition 1 Vor less). On the other
hand, if the APL is small, then the value of the amplification
coefficient D2 becomes small correspondingly (on condition O
Vormore). For example, if the video signal indicates a mostly
bright image displayed on the display device, then the luminance
level of the video signal is close to the white level (refer
to FIG. 2) which 1is the brightest level over the entire video
area of each scanning line. In this case, the APL detection
circuit 2 outputs the amplification coefficient D2 close to the
value of 1 V. On the other hand, when the video signal indicates
amostly dark lmage displayed on the display device, the luminance
level of the video signal is close to the black level (refer
to FIG. 2) which is the darkest level over the entire video area
of each scanning line. 1In this case, the APL detectlion circuit
2 outputs the amplification coefficient D2 close to 0V. Thus,
the darker an image is, the smaller value of the amplification
coefficient D2 is output from the APL detection circuit 2.
The multiplier circuit 4 multiplies the reference signal
D1 input from the light quantity control unit 3 by the
amplificationcoefficient D2 input fromthe APL detectioncircuit
2, and the control signal D3 which is the multiplication result
is input into the light quantity control unit 3 (refer to S3
shown in FIG. 7). Since the darker the image is, the smaller
the value of the amplification coefficient D2 input f£rom the

APL detection circuit 2 becomes, the value of the control signal
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D3 of the multiplier circuit 4 also becomes small (refer to S3-1
and S3-2 shown in FIG. 8).
As described above in "(1l) Controlling a light quantity

by a user, " the output (OUT) of the 1light source 6 is represented

by the followlng equation.

OUT (proportional to D3) = D1 x D2

Therefore, for example, when the value of the reference signal
D1 from the light quantity control unit 3 is constant, the light
quantity of the light source 6 changes with the value of the
amplificationcoefficient D2 input fromthe APL detectioncircuit
2. The value of the amplification coefficient D2 output from
the APL detection circulit 2 1s the smaller 1f an image is the
darker. Therefore, the light quantity of the light source 6

also becomes the smaller if the image is the darker (refer to

S4 shown in FIG. 7).

FIG. 3 shows a comparison result between the lmage display
apparatus having no automatic light quantity control facility
(constant light quantity) and the image display apparatus with
regard to the relationship between the light quantity of a 1ight
sources and a screen lillumination according to the present
embodiment. In FIG. 3, the vertical axes 1indicate the light
quantity of a 1ight source and the screen illumination, and the
horizontal axisindicates thebrightness (levelofavideosignal).
Furthermore, the relationship between the light quantity of a
light source and the screen illumination in the image display
apparatus having no automatic light quantity control facility
(constant light quantity) 1s shown by broken lines, and the

relationship between the light quantity of a light source and
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the screen illumination in the image display apparatus in the

present embodiment 1is shown by solid lines.

As shown 1n FIG. 3, in the image display apparatus according
to the present embodiment, when the APL of a video signal is

lowered, the light quantity of the light source 6 is reduced.

Asaresult, thescreenililluminationis further reducedas compared

with the case in which the light quantity of a light source is

constant. Thus, in the image display apparatus according to
the present embodiment, the automatic light quantity control
depending on the APL of an input video signal reduces the light
quantity of the light source 6 when the video signal indicates
a dark image, and thereby an intensified black phenomenon can
be avoided. Additionally, the automatic light quantity control
is performed based on the reference signal Dl
light-quantity-controlled by a user, and the amplification of
the 1light quantity of the light source 6 using the amplification
coefficient D2 is not changed by the light quantity control by
the user.

The above mentioned automatic light quantity control is
performed in a frame (or field) unit, and i1s synchronization
with the image generation by the display device (refer to S2-1,
S3-3, and S3-4 shown in FIG. 9). In this synchronization, an
internal synchronization signal is practically generated in the
image display apparatus according to the vertical
synchronization signal of the video signal input from external
equipment. According to the internal synchronization signal,
the image generation in the display device (to be more concrete,

the reading operation of a video signal from image memory) and
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the light quantity control of the light source 6 by the power
circuit 5 are synchronized.

For simple explanation of the light quantity control, the
range of the reference signal D1 is set to 1V to 10V, the range
of the amplification coefficient D2 is set to 0 V to 1 V, the
range of the control signal D3 is set to 0V to 10 V in the above
mentioned explanation. However, the present invention 1is not
limited to these ranges. If the range of the control signal
D3 is set corresponding to the output range of the light quantity,
and the multiplication result of the reference signal D1 and
the amplification coefficient D2 is within the set range of the
control signal D3, then the values of D1 to D3 can be arbitrarily
set.

(Embodiment 2)

In the image display apparatus according to the above
mentioned first embodiment, the contrast can be further improved
by applying to the amplification coefficient to be input to the
multiplier circuit the gamma correction having a predetermined
gamma characteristic such that the 1light quantity can be reduced
only when the APL is low. Furthermore, a configuration of
directly inputtingadigital video signal for protection against
the deterioration in the quality of a transmission image 1s also
requested. Described below will be an image display apparatus
capable of making a gamma correction, and automatically
controlling the quantity of light on the inputs of an analog
video signal and a digital video signal.

FIG. 4 is a block diagram of an outline of a configuration

of an image display apparatus according to a second embodiment
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of the present invention. The image display apparatus comprises
anA/D conversioncircuit 10, asignal switch 11, an APL detection
circuit l2, alight quantitycontrolunitl3, amultipliercircuit
14, a power circuit 15, a 1light source 16, a display device drive
circuit 17, a display device 18, a D/A conversion circuit 19,
a gamma correction circuit 20, a CPU 21 for controlling the
circuits 12, 14, 15, 19, and 20, and the light quantity control
unit 13, and a storage medium 22. The level control means
comprises the APL detection circuit 12, the multiplier circuit
14, and the gamma correction circuit 20.

The A/D conversion circuit 10 A/D converts an externally
input analog video signal. The signal switch 11 receives at
one input terminal the video signal A/D converted by the A/D
conversion circuit 10, receives at the other input terminal an
externally input digital video signal, and outputs by priority
the input selected and set by the user. For example, thé signal
switch 11 allows the user to select and set any of the analog
anddigital inputs. When an analoginput is set, the video signal
A/D converted by the A/D conversion circuit 10 is output by
priority. When a digital input is set, the externally input
digital video signal is output as is by priority. The output
of the A/D conversion circuit 10 is input into each of the display
device drive circuit 17 and the D/A conversion circuit 19.

The display device drive circuit 17 controls image
generation in the display device 18 according to the video signal
provided by the A/D conversion circuit 10. The display device
18 is, for example, a liquid crystal panel provided with a

plurality of scanning lines. When it is illuminated by the light
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from the light source 16, an image 1s formed on the pé.nel. and
the formed image is projected onto a screen. The display device
drive circuit 17 controls the formation of the image on the liquid
crystal panel according to the input video signal as in the above
mentioned image displaying operation according to the first
embodiment of the present invention.

- The D/A conversion circuit 19 D/A converts the video signal
(digital) input from the signal switch 1l1. The video signal
(analog) D/A converted by the D/A conversion circuit 19 is input
into the APL detection circuit 12. The APL detection circuit
12 is basically the same as the APL detection circult 2 shown
in FIG. 1, but includes a clamping circuit of the video signal
input circuit 1. The APL detection circuit 12 extracts the
luminance level of a video area for each signal of the video
area corresponding to each scanning line of the display device
18 included in the video signal (analog) of one frame (or field)
input £from the D/A conversion circult 19, obtains the average
picture level (APL) of the luminance level of the video area
in the entire video signals in one frame (or field), and inputs
to the gamma correction circuit 20 a signal S2 (corresponding
to the amplification coefficient D2 shown in FIG. 1) proportional
to the obtained APL.

The gamma correction circuit 20 adds a predetermined gamma
correction (gray-scale correction) to the signal S2 input from
the APL detectioncircuit 12. Practically, the gamma correction
circuit 20 multiplies the signal S2 input £from the APL detection

circuit 12 by a predetermined gamma correction coefficient. The
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gamma correction coefficient depends on the value of the APL
detected by the APL detection circuit 12.

For one example, FIG. 5 shows a relationship between a gamma
correction coefficient and an APL. In FIG. 5, the horizontal
axis indicates thevalue of an APL, and thevertical axis indicates
thevalueof agammacorrectioncoefficient. Thegammacorrection
coefficient suddenly rises in the area having a value of the
APL. at an intermediate level, and expressed as a curve rising
towardright. Uponreceiptof thesignal S2 fromthe APL detection
circuit 12, the gamma correction circuit 20 obtains a gamma
correction coefficient depending on the APL corresponding to
the 1nput signal S2 according to the curve shown in FIG. 5,
multiplies the input signal S2 by the obtained gamma correction
coefficient, and supplies the result as a signal S2' to one
terminal of the multiplier circuit 14.

The light quantity control unit 13, the multiplier circuit
14, the power circuit 15, and the 1light source 16 are basically

the same as thoseshowninFIG. 1. However, themultipliercircuit

14 receives at one input terminal the signal S2' from the gamma
correction circuit 20, receives at the other input terminal a
signal S1 (corresponding to the reference signal D1 shown in
FIG. 1) from the light quantity control unit 13, and inputs a
result of multiplying these inputs as a control signal S3
(corresponding to the control signal D3 shown in FIG. 1) to the
power circuit 15.

Described below by referring to the flowchart shown in FIG.

10 is a 1light quantity controlling operation of the image display

apparatus according to the present embodiment.
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The 1light quantity control by a user is the same as in the

case according to the above mentioned first embodiment, and the

explanation of the control is omitted here. That 1s, described

below is the automatic light quantity control depending on the

luminance level of an input video signal.
(1) Regenerating an analog video signal:

An externally input analog video signal is first A/D
converted by the A/D conversion circuit 10, and is then input
into the signal switch 11. The signal switch 11 receives in
advance a selected and set analog input by the user, and a video
signal (digital) input from the A/D conversion circuit 10 is
provided for each of the display device drive circuit 17 and
the D/A conversion circuit 19.

Upon receipt of the video signal (digital) from the signal
switch 11, the display device drive circuit 17 controls the
formation of an image on the display device 18 according to the
input video signal. The control of the formation of an image
by the display device drive circult 17 is performed in
synchronizationwith the 1light quantlity control describedbelow.

Upon receipt of the video signal (digital) from the signal
switch 11, the D/A conversion circuit 19 D/A converts the input
video signal (digital), and inputs it into the APL detection
circuit 12. Upon receipt of the D/A converted video signal
(analog) from the D/A conversion circuit 19, the APL detection
circuit 12 computes the APL of the input video signal (analog)
(refer to S2-2 shown in FIG. 10), and inputs into the gamma

correction circuit 20 the signal S2 proportional to the video

signal.
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Upon receipt of the signal S2 from the APL detection circuit
12, the gamma correction circuit 20 multiplies the input signal
S2 by a predetermined gamma correction coefficient
(amplification coefficient S2') (refer to S3-6 shown in FIG.
5 10), and inputs the result into the multiplier circuit 14. The
multiplier circuit 14 receives the reference signal S1 from the
light quantity controlunit 13, and inputs into the power circuit
15 the control signal S3 obtained by multiplying the reference
signal S1 by the amplification coefficient S2' received from
10 the gamma correction circuilt 20 (refer to S3-7 shown in FIG.
10). The darker the video signal is, the smaller the value of
the amplificationcoefficient S2' input from the gamma correction
circuit 20 becomes, thereby obtaining the smaller value of the
control signal S3 from the multiplier circuit 14.
15 The output (OUT) of the light source 16 is represented by
the following equation.
OUT (proportional to S3) = Sl x S2'
Therefore, for example, when the value of the reference signal
S1 from the 1light quantity control unit 13 is constant, the 1light
20 quantity of the light source 16 changes with the value of the
amplification coefficient S2' input into the multiplier circuit
14 (refer to S4 shown in FIG. 7).
FIG. 6 shows a comparison result between the image display
apparatus having no automatic light quantity control facility
25 (constant light quantity) and the image display apparatus
according to the present embodiment with regard to the
relationship between the light quantity of a light source and

avisual luminance (screenillumination). InFIG. 6, thevertical
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axes respectively indicate the light quantity of a 1ight source
and the visual luminance (screen illumination), and the
horizontal axis indicates thebrightness (levelofavideosignal)
of thedisplayscreen. Thebrokenlinelindicatestherelationship
between the light quantity of a light source and the visual
luminance in the image display apparatus having no automatic
light quantity control facility (constant light quantity), and
the solid line indicates the relationship between the light
quantity of a 1ight source and the visual ltﬁninance in the image
display apparatus according to the present embodiment.

As shown in FIG. 6, when the APL of a video signal is lower
than a normal value in the image display apparatus according
to the present embodiment, the 1ight quantity of the l1light source
16 is reduced, and the visual luminance (screen illumination)
is further lowered as compared with the case in which the light
quantityof alight source is constant. Thereby, the intensified
black phenomenon can be avoided.

According to the above mentioned first embodiment of the
present invention, the amplification coefficient D2 input into
the multiplier circuit is proportional to the value of the APL
from the APL detection circuit. Therefore, the light quantity
of a 1light source changes linearly (refer to FIG. 3). According
to the present embodiment, the amplification coefficient S2°
input into the multiplier circuit 14 is obtained by multiplying
the APL from the APL detection circuit 12 by a predetermined
gamma correction coefficient. Therefore, the value of the
amplification coefficient S2' can be small only when the APL

is low. Therefore, the light quantity of the light source 16
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is lowered only when the value of the APL of the input wvideo
signal is low. The automatic light quantity control according
to the present embodiment is also performed with reference to
the reference signal S1 whose light quantity is controlled by
the user, and the amplification of the light quantity of the
lightsourcel6ébytheamplificationcoefficientS2' isnot changed
although the user tries to control the quantity of light.
(2) Regenerating a digital video signal:

An externally input digital video signal is input into the
signal switch 11. The signal switch 11 receives in advance a
selected and set digital input by the user, and a digital video
signal externally input is provided as is for each of the display
device drive circuilt 17 and the D/A conversion circuit 19.
Thereafter, the control of the formation of an image by the display
device drive circuit 17 and the light quantity control of the
light source 16 by the power circuit 15 are likewise performed
as in the above mentioned "(1l) Regenerating an analog video
signal®”.

Also in the image display apparatus according to the present
embodiment, as in the case according to the above mentioned first
embodiment, the image formation control is synchronized to the
automatic light quantity control. Furthermore, the reference
signal S1, the signal S2, and the control signal S3 can be set
tothesimilarranges of thereferencesignalDl, theamplification
coefficient D2, and the control signal D3. In this case, it

is desired that the gamma correction coefficient has the maximum

value of 1.

(Embodiment 3)
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Then, described below will be a storage medium storing a
program. A storage medium 8 shown in FIG. 1 stores programs
shown in the flowchart in FIGS. 7 to 9. The CPU 7 shown in FIG.
1 controls the video signal input circuit 1, the APL detection
circuit 2, the light quantity control unit 3, the multiplier
circuit 4, and the power circuilt 5 according to the programs.
Since the contents of the control are described above, the
explanation of them is omitted here.

Similarly, the storage medium 22 shown in FIG. 4 stores
the programs shown in the flowcharts in FIGS. 7 and 10. The
CPU 21 shown in FIG. 4 controls the APL detection circuit 12,
the light quantity control unit 13, the multiplier circuit 14,
the power circuit 15, the D/A conversion circuit 19, and the
gamma correction circuit 20 according to the programs. Since
the contents of the control are described above, the explanation
of them is omitted here.

As described above, according to the present invention,
the intensified black phenomenon can be avoided with a simple
circuit configuration, and the 1ight quantity control by a user
can be synchronized to the automatic light quantity control
depending on the luminance level of an input video signal.
Therefore, there is such effect that the user can be provided

with a visible and high contrast image.
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WHAT IS CLAIMED IS:

1. An image display apparatus which has a l1light source whose
quantity can be controlled, and displays an image based on a
video signal externally input after partially passing through
or reflecting a light from the light source, comprising:

light quantity control means having a predetermined scope
of an output level corresponding to a scope of control of light
quantity of the light source, and for outputting a reference
signal at a level arbitrarily set by a user;

level control means for detecting an average brightness
of the displayed image according to the video signal, and for
controlling a level of the reference signal output from said
light quantity control means depending on the detected
brightness; and

control means for controlling light quantity of the l1ight

source according to the signal controlled by said level control

means.

2. The image display apparatus according to claim 1, wherein
said level control means lowers the level of the reference signal

when the detected brightness is low.

3. The image display apparatus according to claim 2,

wherein said external video signal is input in a frame or

field unit: and

sald level control means comprises:
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average luminance level detection means for detecting

an average luminance level of the video signal in said frame
or said field unit, and outputting an amplification coefficient
depending on the detected average luminance level; and

mualtiplier means for multiplying the reference signal
by an amplification coefficient output from said average

luminance level detection means.

4. The image display apparatus according to claim 3,
wherein said level control means further comprises gamma
correction means for multiplying the amplification coefficient
output from said average luminance level detection means by a
gamma correction coefficlent obtained froma predetermined gamma
characteristic; and
sald multiplier means multiplies the reference signal by

the correction coefficient obtained by multiplying said gamma

correction coefficient.

5. The image display apparatus according to claim 1,
wherein it is so constituted that a digital video signal
and an analog video signal can be externally input; and
said apparatus further comprises:
A/D conversion means for A/D converting said analog video
signal;
signal switch means which is provided with said digital
video signal at one input terminal, and saidA/D converteddigital

video signal at another input terminal, and outputs by priority
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a digital video signal provided at one of the input terminals

selected and set by a user; and

D/A conversion means for D/A converting the digital video
signal output from said signal switch means, and
5 said level control means detects average brightness of an

image from said D/A converted analog video signal.

6. A light quantitycontrolmethodforusewithanimagedisplay
apparatuswhichhasalight sourcewhose quantitycanbecontrolled,
and which displays an image based on a video signal externally

10 input after partially passing through or reflecting a light from

the light source, comprising:

a first step of generating a reference signal at a level
arbitrarily set by a user from a scope of a predetermined level

corresponding to a scope of control of light quantity of said

15 light source;

a second step of detecting average brightness of said

displayed image according to said video signal;

a third step of controlling a level of the reference signal

generated 1n said first step depending on the average brightness

20 detected in said second step; and
a fourth step of controlling light quantity of the light

source according to the signal whose level is controlled in said

third step.

7. The light quantity control method according to claim 6,

25 wherein the level control in said third step is to lower the
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reference signalwhen theaveragebrightness of the image detected

in said second step is set at a low light level.

8. The light quantity control method according to claim 7,

wherein an average luminance level for one frame or one
field of the video signal externally input in a frame or a £ield
unit is detected 1in said second step; and

sald third step comprises:

a step of generating an amplification coefficient
depending on the average luminance level of said detected video

signal for one frame or one field; and

a step of multiplying the reference signal by said

generated amplification coefficient.

9. The light quantity control method according to claim 7,
wherein an average luminance level for one frame or one
field of the video signal externally input in a frame or a field
unit is detected in said second step; and
sald third step comprises the steps of:
generating an amplification coefficient depending on the
average luminance level of the detected video signal for one
frame or one field;
multiplying the generated amplification coefficient by
a gamma correction coefficlent obtained from a predetermined
gamma characteristic; and
multiplying the reference signal by a correction

coefficient obtained by multiplying the gamma correction

coefficient.
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10. A storagemedium storing a programused to direct a computer
to execute an 1light quantity control method for use with an image
display apparatus which has a light source whose quantity can
be controlled, andwhich displays an image based on a video signal

5 externally input after partially passing through or reflecting
a light from the light source, comprising:

a first step of generating a reference signal at a level
arbitrarily set by a user from a scope of a predetermined level
corresponding to a scope of control of light quantity of said

10 1light source;

a second step of detecting average brightness of said
displayed image according to said video signal;

a third step of controlling a level of the reference signal
generated in said first step depending on the average brightness

15 detected in said second step; and
a fourth step of controlling light quantity of said light

source according to the signal whose level is controlled in said

third step.

11. The storage medium according to claim 10, wherein the level
20 control in said third step is to lower the reference signal when
the average brightness of an image detected in salid second step

is set at a low light level.

12. The storage medium according to claim 11,
wherein an average luminance level for one frame or one
25 field of the video signal externally input in a frame or a field

unit is detected in said second step, and
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sald third step comprises the steps of

generating an amplification coefficient depending on the
average luminance level of said detected video signal for one

frame or one field; and

multiplying the reference signal by said generated

amplification coefficient.

13. The storage medium according to claim 11,

wherein an average luminance level for one frame or one
field of the video signal externally input in a frame or a field
unit is detected in said second step, and

sald third step comprises the steps of

generating an amplification coefficient depending on the

average luminance level of said detected video signal for one

frame or one field:

multiplying said generated amplification coefficient by
a gamma correction coefficient obtained from a predetermined
gamma characteristic; and

multiplying the reference signal by a correction

coefficient obtained by multiplying the gamma correction

coefficient.

Smart & Biggar
Ottawa, Canada
Patent Agents
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FIG. 2
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FIG. 5
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FIG. 7

GENERATING REFERENCE SIGNAL AT LEVEL
ARBITRARILY SET BY USER

DETECTING AVERAGE BRIGHTNESS OF IMAGE
DISPLAYED ACCORDING TO VIDEO SIGNAL

CONTROLLING LEVEL OF REFERENCE SIGNAL
DEPENDING ON AVERAGE BRIGHTNESS OF

IMAGE

CONTROLLING LIGHT QUANTITY OF LIGHT
SOURCE ACCORDING TO LEVEL-CONTROLLED
SIGNAL

FIG. 8

FROM S2

S3-1

IS AVERAGE
BRIGHTNESS
LOW ?

LOWERING LEVEL OF REFERENCE
SIGNAL

TO S4

NO

S1

S2

S3

S4

S3



CA 02413963 2002-12-10

6/9

FIG. 9
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