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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an image display apparatus. lllustrative embodiments of the invention relate
to display apparatus having displays of a dot matrix type, such as a liquid crystal display, which is capable of suitably
displaying any format of image signal which is input.

2. Description of the Related Art

[0002] Conventionally, raster scan type CRTs have been widely used for image displays for computers. This CRT
display receives from a computer a video signal including an analog video signal containing a vertical synchronization
signal and horizontal synchronization signal mixed together to display a desired image.

[0003] Also, recently, displays using liquid crystal panels (LCD) have come under attention from the viewpoints of
space-saving, energy-saving, lower costs, etc. A liquid crystal panel is a display of a dot matrix type wherein pixels are
of a fixed size and each pixel is supplied with voltage separately to separately control them for the display.

[0004] There are many types of video signals depending on the resolution, input frequency, etc. For example, as the
resolution, there are 640 x 480 (horizontal pixels x vertical pixels (same below)), 720 x 400, 800 x 600, 1024 x 768, 1152
x 864, 1280 x 1024, etc. Furthermore, even among signals of the same resolution of 1280 x 1024, there are a large
number of frequencies of signals, such as 64 kHz/60 Hz (horizontal frequency/vertical frequency (same below)), 80 kHz/
75 Hz, 91 kHz/85 Hz, 81 kHz/77 Hz, etc.

[0005] For the specifications of these video signals, those established by the Video Electronics Standard Association
(VESA) are widely known.

[0006] Although there are many types of video signals as explained above, many computer displays recently used
are so-called "multi-sync" types, that is, are not limited to the type of video signal and are capable of automatically
handling a plurality of types of video signals and suitably displaying the image.

[0007] A multi-sync type display is ordinarily designed to detect characteristics relating to specifications of a video
signal, such as the state of a synchronization signal, from an input video signal, compare the characteristics with the
specifications of video signals registered in advance to identify the type of the video signal, adjust a drive cycle and
amplitude of scanning lines of the display so as to match with a synchronization signal of the video signal based on the
identified results, and display an image in accordance with the video signal.

[0008] However, an unregistered type of video signal is sometimes input to a multi-sync display handling a plurality
of types of video signals by this method.

[0009] Insucha case, up until now, the method has been taken of selecting the video signal of the closest specifications
among the registered video signals and controlling the display circuit based on the specifications of that video signal or
of preparing default data and controlling the display circuit by using the default data when there is no matching video signal.
[0010] Also, the VESA has established a method of determining a signal timing of a not registered signal as the GTF
(generalized timing formula). The method of controlling the display circuit based on this method is also being taken.
[0011] To display an analog image signal on a display of a dot matrix type, the input image signal has to be sampled
at predetermined sampling intervals to convert it from an analog to digital format and made to match with the number
of horizontal and vertical pixels of the display. If the number of pixels matches and the pixels are properly controlled,
basically there will be almost no effect due to the differences of displays and a stable output can be expected. If the
number of horizontal and vertical pixels do not match between the signal and the display, however, proper display is no
longer possible.

[0012] Note that the information on the dot intervals in the horizontal direction of image signals for such a signal
conversion is called a "dot clock". This information is also included in the VESA standard. In a CRT or raster scan type
display, however, display is possible even without knowing the precise number of dots in the horizontal direction. There-
fore, this is a parameter which is not ordinarily used for display.

[0013] In a dot matrix type multi-sync display, an image sometimes cannot be properly displayed by the conventional
method of processing explained above when a non-registered video signal is input.

[0014] Inthe method of using the specifications of the video signal having the closest specifications to the characteristics
of the detected input signal, the disadvantages sometimes arise that a signal is processed as a signal having a different
resolution (number of valid pixels) just because the horizontal and vertical frequencies happen to be close, that there is
no registered signal of a close frequency, the signal is processed as a signal having a little distant frequency, and the
position of the image shifts, or that the scaling rate is not suitable and therefore the image overflows from the screen or
conversely becomes remarkably smaller than the screen.
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[0015] Further, in the method of using default data, the method works well when the signal is close to the default data,
but when this is not so, the signal sometimes will not match it at all and proper display will not be possible.

[0016] Also, the GTF only establishes the time and does not include information of the dot clock frequency, so while
it is useful in determining operations of a deflection circuit of the CRT, in a dot matrix type display handling fixed pixels
such as a liquid crystal display, efficient information cannot be obtained and proper display is similarly not possible.

In EP0854466 a horizontal and a vertical frequency of the input image signal are detected and based on this the number
of horizontal lines is calculated and a conversion ratio is estimated (factor for scaling: number of horizontal display lines
/ number of lines of panel). The horizontal and vertical scaling are then based on the conversion ratio. The possibility to
consider the aspect ratio of the input signal for determining the conversion ratio is mentioned.

SUMMARY OF THE INVENTION

[0017] An embodiment of the present invention seeks to provide a dot matrix type image display apparatus capable
of properly displaying an image even if a non-registered image signal is input.

[0018] An image display apparatus of the present invention as claimed in claim 1.

[0019] Inanimage display apparatus having such a configuration, the characteristic detection means finds the number
of vertical lines from the input image signal and the horizontal pixel number estimation means multiplies the found number
of the vertical lines by a predetermined constant to estimate the number of horizontal pixels. Then, the A/D conversion
means successively samples the signal at every horizontal period of the input image signal by a predetermined sampling
cycle determined based on the estimated value of the number of horizontal pixels and converts it from an analog to
digital format. The signal conversion means converts the thus generated digital image signal is converted to a display
signal of a predetermined dot matrix type based on the configuration of the display means and displays it by the display
means.

[0020] Preferably, the image display apparatus of the present invention further comprises a memory means in which
information regarding specifications of said image signal including the number of horizontal pixels are stored for each
of any plurality of types of image signals and an image signal identification means for comparing said detected prede-
termined characteristics with said information of image signals stored in advance to search for the same type of image
signal as said input image signal from the plurality of types of image signals whose information is stored in advance;
wherein said A/D conversion means performs said sampling by a sampling cycle based on said information regarding
the number of horizontal pixels of the image signals stored in said memory means when an image signal of the same
type as said input image signal is found and performs said sampling by a sampling cycle based on an estimated value
of said calculated number of horizontal pixels when animage signal of the same type as said inputimage signal is not found.
[0021] Specifically, said horizontal pixel number estimation means multiplies said detected number of vertical lines
with a predetermined constant between 1.6 to 1.85 when said input image signal is an image signal suitable to a display
having an aspect ratio of 4:3; multiplies said detected number of vertical lines with a predetermined constant between
1.5t0 1.7 when said input image signal is an image signal suitable to a display having an aspect ratio of 5:4; and multiplies
said detected number of vertical lines with a predetermined constant between 1.9 to 2.1 when said input image signal
is an image signal suitable to a display having an aspect ratio of 16:9 so as to calculate the estimated value of the number
of horizontal pixels.

[0022] More specifically, said display means is a liquid crystal display means.

[0023] Further, preferably, said signal conversion means performs conversion of said digital image signal based on
said information regarding the specifications of the image signal stored in said memory means when an image signal
of the same type as said input image signal is found and obtains information regarding the specifications of the image
signal based on characteristics of said detected input image signal and performs conversion of said digital image signal
based on the information when an image signal of the same type as the input image signal is not found.

[0024] Specifically, said signal conversion means obtains information regarding the specifications of the image signal
in accordance with the GTF (generalized timing formula) established by the VESA (Video Electronics Standard Asso-
ciation) based on the characteristics of said detected input image signal when an image signal of the same type as the
input image signal is not found.

[0025] More specifically, said characteristic detection means detects a vertical synchronization signal and a horizontal
synchronization signal from said inputimage signal and counts the number of horizontal synchronization signals included
in a vertical synchronization period to obtain said number of vertical lines.

[0026] Alternatively, specifically, said characteristic detection means detects a vertical synchronization signal and a
horizontal synchronization signal from said input image signal, finds a horizontal frequency and vertical frequency, and
divides the horizontal frequency by the vertical frequency to find the number of vertical lines.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] An understanding of the present invention will become clearer from the following illustrative description of the
preferred embodiments given with reference to the accompanying drawings, in which:

Fig. 1 is a view of the relationship of the number of vertical lines and the number of dots in a horizontal period in an
image signal having an aspect ratio of 4:3;

Fig. 2 is a block diagram of the configuration of a liquid crystal display of an embodiment of the present invention;
Fig. 3 is a block diagram of the microcomputer of the liquid crystal display shown in Fig. 2; and

Fig. 4 is a view for explaining processing of the microcomputer shown in Fig. 3 from detection of a signal to setting
of control parameters.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] Below, preferred embodiments will be described with reference to the accompanying drawings.

[0029] An embodiment of the present invention will be explained with reference to Figs. 1 to 4.

[0030] Reference will be made, by way of example, to a liquid crystal display capable of properly displaying any input
video signal.

[0031] First, a method of estimation of specifications of an unknown video signal used in the liquid crystal display of
the present embodiment will be explained.

[0032] As explained above, when displaying a conventional analog video signal on a dot matrix type display such as
a liquid crystal display panel, it is necessary to properly sample the video data for each horizontal period for each correct
pixel included in that horizontal period. Information of the number of dots in the horizontal period, that is, dot clock
information, becomes necessary for this.

[0033] However, the number of dots in a horizontal period is unnecessary information for a raster scan type display
and is not able to be detected only by observing the signal. Also, generally, since it does not have any direct relationship
with the horizontal synchronization frequency, it was unable to be obtained unless information was given separately.
[0034] However, when investigating the relationship between the number of vertical lines and the number of dots in
a horizontal period for various video signals, it was found that there was a correlation between the two.

[0035] The main specification data of the video signals VGA, SVGA, XGA, and SXGA and the ratios of the total number
of pixels in the horizontal direction to the total number of lines in the vertical direction are shown in Table 1.

[Table 1]
[0036]
(Table 1)

Type VGA SVGA XGA SXGA
H resolution 640 800 1024 1280
V resolution 480 600 768 1024
Fh 375 469 600 640
Fv 7499 7500 7503 6002
H_TOTAL_DOT 840 1056 1312 1688
H_FP 16 16 16 48
H_SBP 184 240 272 360
V_TOTAL_LINE 500 625 800 1066
V_FP 1 1 1 1
V_SBP 19 24 31 41
Ratio of Number of HV Pixels | 1.68 1.6896 1.64 1.583

[0037] Note that the ratio of the total number of the HV pixels in Table 1 is obtained from the total number of pixels in
the horizontal direction (H_TOTAL_DOT)/total number of lines in the vertical direction (V_TOTAL_LINE).

[0038] The relationship of the number of vertical lines and the number of dots in a horizontal period of a video signal
having an aspect ratio of 4:3, which includes the VGA, SVGA, and XGA shown in Table 1, is shown in Fig. 1.

[0039] As shown in the figure, the number of dots in the horizontal period becomes a value of the number of vertical



10

15

20

25

30

35

40

45

50

55

EP 1 047 043 B1

lines multiplied by 1.6 to 1.85 or multiplied by about an average 1.7.

[0040] Similarly, in a video signal suitable for a display of another aspect ratio, for example in a video signal having
an aspect ratio of 5:4, which includes the SXGA shown in Table 1, the number of dots in a horizontal period becomes
a value of the number of vertical lines multiplied by 1.5 to 1.7 or by about an average 1.6, while in a video signal having
an aspect ratio of 16:9, the number of dots in a horizontal period is the number of vertical lines multiplied by 1.9 to 2.1
or multiplied by about an average 2.0.

[0041] By using this relationship, the number of dots in a horizontal period can be estimated from the information of
the number of vertical lines.

[0042] The information of the number of vertical lines is obtained easily from a video signal, so the dot clock information
is to be able to be estimated by observing the input video signal without any other information.

[0043] A liquid crystal display 10 according to an illustrative embodiment of the invention is designed to estimate the
dot clock information of any input video signal by using an illustrative method of estimation of the specifications of a
video signal according to an embodiment of the present invention, to properly convert the video signal to a display signal
of a dot matrix type, and to properly display the input video signal.

[0044] The liquid crystal display 10 of the present embodiment will be explained below.

[0045] Figure 2 is a block diagram of the configuration of the liquid crystal display 10.

[0046] The liquid crystal display 10 comprises an amplifier 11, a synchronization processor 12, a microcomputer 13,
an EEPROM 14, a PLL circuit 15, an analog/digital (A/D) converter 16, a pixel converter 17, and a liquid crystal panel 18.
[0047] First, the configurations and functions of the parts of the liquid crystal display 10 will be explained.

[0048] The amplifier 11 amplifies an input video signal by a predetermined amplifying rate and outputs it to the A/D
converter 16.

[0049] The synchronization processor 12 shapes the waveform of a synchronization signal of the input video signal
and outputs it to the microcomputer 13, PLL circuit 15, and pixel converter 17.

[0050] The microcomputer 13 identifies the type of the input video signal based on the synchronization signal of the
video signal input from the synchronization processor 12, sets control parameters for the PLL circuit 15 and the pixel
converter 17 so that the PLL circuit 15 and the pixel converter 17 operate under suitable conditions in accordance with
the identified video signal, and controls the operations. At this time, the microcomputer 13 refers to correction data stored
in the EEPROM 14 to set the final control parameters. When the type of the input video signal is not able to be identified,
the microcomputer 13 determines the control parameters by an illustrative method according to an embodiment of the
present invention which will be explained later on and controls the PLL circuit 15 and the pixel converter 17 by this in
the same way.

[0051] Note that the control parameter set in the PLL circuit 15 by the microcomputer 13 is specifically the number of
dot clocks included in a horizontal period of the video signal. The microcomputer 13 sets the same as a frequency
division rate to the PLL circuit 15. Also, the control parameters set in the pixel converter 17 are the number of horizontal
valid pixels, the number of vertical valid lines, and the number of dots and the number of lines before a signal starts.
[0052] The microcomputer 13 will be explained in further detail with reference to Fig. 3 and Fig. 4.

[0053] Figure 3 is a block diagram of the microcomputer 13.

[0054] As shown in Fig. 3, the microcomputer 13 comprises a processing portion 131, a signal specification storing
ROM 132, a program ROM 133, a RAM 134, an interface (I/F) portion 135, and an internal bus 136.

[0055] Note the microcomputer 13 is formed on single semiconductor integrated circuit (IC) as a one-chip microcom-
puter.

[0056] First, the configuration of the parts of the microcomputer will be explained.

[0057] The processing portion 131 operates based on a program stored in the program ROM 133 and performs
processing for controlling the PLL circuit 15 and the pixel converter 17 based on a synchronization signal input from the
synchronization processor 12 as explained above.

[0058] The detailed contents and operations of the processing portion 131 will be explained later on as the operation
of the microcomputer 13.

[0059] The signalspecification storing ROM 132 is a memory portion storing a horizontal frequency, a vertical frequency,
a polarity of a horizontal synchronization signal, a polarity of a vertical synchronization signal, the total number of dots
in the horizontal direction, a front porch in the horizontal direction, a back porch in the horizontal direction, the number
of lines in the vertical direction, a front porch in the vertical direction, a back porch in the vertical direction, the number
of horizontal valid pixels, and the number of vertical valid lines of all video signals which may be input to the liquid crystal
display 10. The data stored in the signal specification storing ROM 132 is suitably read by the processing portion 131.
[0060] Note that the data stored in the signal specification storing ROM 132 is in the video signal format established
by the VESA.

[0061] The signal specification storing ROM 132 is formed on an IC in the form of a mask ROM.

[0062] The program ROM 133 is a memory portion storing a program of the processing of the processing portion 131
and parameters for the processing. The contents of the program stored in the program ROM 133 will be also explained
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later on as the operation of the microcomputer 13.

[0063] The RAM 134 is a memory portion for temporarily storing data at the time when the program ROM 133 performs
control processing on the PLL circuit 15 and the encoding processor 17 in accordance with the program stored in the
program ROM 133.

[0064] The I/F portion 135 is an interface for inputting and outputting data and control orders to the microcomputer
13 comprised as a one-chip microcomputer as explained above.

[0065] The I/F portion 135 is connected to the internal bus 136 inside the microcomputer 13 and connected to the
external bus 19 outside the microcomputer 13. The external bus 19 has connected to it the synchronization processor
12, the EEPROM 14, the PLL circuit 15, the pixel converter 17, etc. Information relating to the video signal from the
synchronization processor 12 is input, correction data from the EEPROM 14 is read, and control parameters are output
to the PLL circuit 15 and the pixel converter 17 through the I/F portion 135. Note that the data transfer rate of the external
bus 19 is about 100 kbits/sec in the present embodiment.

[0066] The internal bus 136 is an internal bus of the microcomputer 13 and used for transferring data between the
processing portion 131, the signal specification storing ROM 132, the program ROM 133, the RAM 134, and the I/F
portion 135.

[0067] Note that data transfer inside the microcomputer via the internal bus 136 can be performed in units of bus width
(for example, in units of bytes or words) at a rate of almost 10 MHZ, which is the operation clock of the microcomputer 13.
[0068] Next, the operation of the microcomputer 13 having the above configuration will be explained with reference
to Fig. 4.

[0069] Figure 4 is a flow chart for explaining the operation of the microcomputer 13, the content of the program stored
in the program ROM 133, and the processing in the processing portion 13 based on the program.

[0070] When input of a synchronization signal from the synchronization processor 12 is started, the microcomputer
13 detects the same and start a series of processing (step S41).

[0071] First, the processing portion 131 waits for the input signal to stabilize and the detects a horizontal signal and
a vertical signal from the input signal (step S42).

[0072] Then, based on the detected horizontal synchronization signal and vertical synchronization signal, it measures
a horizontal synchronization signal frequency (also simply referred to as a horizontal frequency) and a vertical synchro-
nization signal frequency (also simply referred to as a vertical frequency) and detects polarity information of the horizontal/
vertical synchronization signals (step S43).

[0073] Then, based on the information, it searches through information relating to the specifications of signals stored
in the signal specification storing ROM 132 and investigates whether there is a video signal having the same specifications
as the measured and detected horizontal frequency, vertical frequency, and polarities of the horizontal/vertical synchro-
nization signals (step S44).

[0074] When there is a video signal having the same specifications, namely, when the input video signal is a video
signal registered in the signal specification storing ROM 132, further detailed information of the video signal, that is,
information used for controlling the PLL circuit 15 and the pixel convertor 17, specifically, information of the number of
dot clocks included in a horizontal period of the video signal, the number of horizontal valid pixels, the number of vertical
valid lines, etc., is further read from the signal specification storing ROM 132. Also, simultaneously, the processing
portion 131 reads correction data from the EEPROM 14 via the I/F portion 135 (step S45).

[0075] Based on the read information and the correction data, the processing portion 131 sets as a value of a division
ratio the number of dot clocks included in the horizontal period to the PLL circuit 15 (step S46). Note that the relationship
between the dot clocks and the division ratio is defined as formula (1).

[Formula 1]
Dot clocks/Division ratio = Horizontal frequency

.{1)

[0076] Further, the processing portion 131 obtains the control parameters relating to pixel conversion processing such
as the number of horizontal valid pixels, the number of vertical valid lines, and the number of horizontal dots and vertical
lines before starting the signal, based on the read information and the correction data, and sets the parameters in the
pixel convertor 17 (step S47).

[0077] As explained above, by setting the control parameters to the PLL circuit 15 and the pixel convertor 17, the
control processing of the signal conversion on a series of newly input pixel signal ends (step S51).

[0078] On the other hand, at step S44, when the input video signal has not been registered in the signal specification
storing ROM 132, it performs the processing according to an illustrative embodiment the present invention, that is,
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estimates the dot clock information for the unknown signal from just the signal input from the synchronization processor
12 to obtain the control parameters for the PLL circuit 15 and the encoding processor 17.

[0079] Specifically, first, it obtains the number of vertical lines (step S48). The number of vertical lines may be obtained
by counting the number of horizontal synchronization signals included in a vertical synchronization period or by dividing
the horizontal frequency by the vertical frequency using the data measured in step S43.

[0080] Next, it calculates the number of dots in a horizontal period (step S49). It obtains the number of dots in a
horizontal period by multiplying the number of vertical lines obtained at step S48 with a predetermined constant 1.7 as
explained above with reference to Fig. 1.

[0081] Then it sets the number of dots is a horizontal period to the PLL circuit 15 as a division ratio of the PLL circuit
15 (step S46).

[0082] Next, based on the number of dots in a horizontal period and the number of vertical lines obtained in advance,
it obtains the control parameters of the number of horizontal valid pixels, the number of vertical valid lines, and the
number of horizontal dots and vertical lines before starting the signal from the formulas (2) to (5) by using the ratio
established by the GTF (generalized timing formula) proposed by the VESA (step S50).

[Formula 2]
Number of horizontal valid pixels = number of dots

in a horizontal period x (0.7+3/horizontal frequency

(kHz)) -..(2)

Number of vertical valid lines = number of vertical

lines - 0.55 x horizontal frequency (kHz) - 1

...(3)

Number of dots before signal starts = number of

dots in horizontal period x (0.23 - l1l.5/horizontal

frequency (kHz)) ..-(4)
Number of lines before signal starts = 0.55 x
horizontal frequency (kHz) : ...(5)

[0083] Then, it sets the obtained parameters in the pixel converter 17 (step S47).

[0084] Also, when the input signal is unknown as well, it sets the control parameters in the above way to the PLL
circuit 15 and the pixel converter 17, then ends the series of control processing for the signal conversion on the newly
input signal (step S51).

[0085] The configuration and the operation of the microcomputer 13 were as explained above.

[0086] An explanation of the configuration of the different parts of the liquid crystal display 10 will follow.

[0087] The EEPROM 14 is a memory portion for storing correction data for proper display on the liquid crystal panel
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18 set in consideration of an input delay of the video signal, a circuit delay of the synchronization processor 12, etc.
[0088] Since the amount of correction by the delay changes by the frequency, the measured data of a delay error in
accordance with the frequency of the video signal to be displayed on the liquid crystal display 10 is written in the EEPROM
14. Note that the error is measured and the correction data is written, for example, in an adjustment process after
substantial production of the liquid crystal display 10 is completed.

[0089] The PLL circuit 15 generates a predetermined clock based on the control parameter set by the microcomputer
13 and outputs it to the A/D converter 16 and the pixel converter 17. The clock generated by the PLL circuit 15 corresponds
to the dot clock in the horizontal direction of the input video signal.

[0090] The A/D converter 16 successively performs sampling on the video signal input from the amplifier 11 in syn-
chronization with the clock input from the PLL circuit 15, generates a digital signal by A/D conversion, and outputs the
same to the pixel converter 17.

[0091] The pixel convertor 17 converts the input video signal based on a predetermined specification input from the
A/D converter 16 to a signal having suitable specifications for displaying an image on the liquid crystal panel 18 based
on the control parameters of the number of horizontal valid pixels, the number of vertical valid lines, and the number of
horizontal dots and vertical lines before starting the signal and outputs the same to the liquid crystal panel 18.

[0092] The liquid crystal panel 18 is a dot matrix type liquid crystal panel and displays the video signal input from the
pixel converter 17.

[0093] Next, the operation of the liquid crystal display 10 will be explained all together.

[0094] The synchronization signal of the input video signal input to the synchronization processor 12 is waveform-
shaped by the synchronization processor 12 and input to the microcomputer 13.

[0095] The microcomputer 13 detects the horizontal synchronization signal and the vertical synchronization signal
from the signal input from the synchronization processor 12 and, based thereon, extracts characteristic information
indicating the specifications of the input video signal, such as information of the horizontal frequency, vertical frequency,
and polarity of the horizontal/vertical synchronization signals.

[0096] Then, it compares the extracted information with the information of the specifications of video signals for display
on the liquid crystal display 10 registered in the signal specification storing ROM 132 and identifies the type of the input
video signal.

[0097] When the type of the input video signal is identified, it reads out information regarding the control of the signal
from the signal specification storing ROM 132, reads the correction data such as a circuit delay stored in the EEPROM
14, and determines control parameters for the PLL circuit 15 and the pixel converter 17 based on the information and
the correction data for controlling them.

[0098] Specifically, it sets a division ratio for the PLL circuit in order to generate a clock corresponding to the dot clock
of the input video signal. Also, it sets a parameter regarding pixel conversion for the pixel converter 17 so that the input
video signal and the pixels on the liquid crystal panel 18 properly correspond and that the signal is properly converted.
[0099] When the microcomputer 13 cannot identify the type of the input video signal, namely, when the input video
signal is a not registered signal, it estimates the number of vertical lines multiplied with by predetermined constant 1.7
as the number of dots in a horizontal period, namely, the dot clock information, uses this to find information regarding
the specifications of the image signal successively by a method based on the GTF. Then, it determines control parameters
based on this and controls the PLL circuit 15 and the pixel converter 17.

[0100] The video signal input to the liquid crystal display 10 in a state where the PLL circuit 15 and the pixel converter
17 are set in the above way is amplified by a predetermined amplifying rate in the amplifier 11 and is properly sampled
in the horizontal direction by a sampling clock synchronized with the dot clock and converted to a digital signal in the
A/D converter 16. Then, it is converted to a signal for every pixel in a format suitable for display on the liquid crystal
panel 18 and is applied to the liquid crystal panel 18 and displayed based on the input video signal.

[0101] As explained above, in the liquid crystal display 10 of the present embodiment, even if the input video signal
is an unknown image signal which is not registered, dot clock information is estimated based on information of the
number of vertical lines detectable from the input signal and control parameters for controlling the PLL circuit 15 and
the pixel converter 17 are determined based on the estimated value for the control. Accordingly, it is possible to properly
control the parts and to properly display the image even for such an unknown image signal.

[0102] Also, since the liquid crystal display 10 is capable of properly displaying such an unknown image signal, it is
not necessary to register all image signals and therefore the types of the image signals to be registered can be reduced.
Therefore, the capacity of the signal specification storing ROM 132 can be made smaller and it becomes possible to
produce a more inexpensive liquid crystal display 10. Furthermore, since it is unnecessary to perform a comparison with
a large amount of registered information, processing for identifying the type of the image signal and setting the control
parameters can be performed at a high speed and therefore the microcomputer 13 can be substituted by more inexpensive
one.

[0103] On the other hand, however, the liquid crystal display 10 has the specifications of the image signals registered
in a mask ROM form in the signal specification storing ROM 132 in the microcomputer 13. Therefore, even if the amount
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of registered information becomes large, it can be recorded in the microcomputer 13. As a result, it is possible to make
the memory cost per bit very low. Also, since high speed accessing is possible, even if the types and information amount
of the image signals increase, a video signal can be identified at a high speed.

[0104] Furthermore, fine corrections relating to a circuit delay etc. can be reflected in the control by storing the data
in the EEPROM 14, so a better display is guaranteed.

[0105] Note that the present invention is not limited to the above embodiments. A variety of modification can be made.
[0106] For example, in the present embodiment, the number of vertical lines multiplied by 1.7 was estimated as the
dot clock value for an unknown video signal, but the constant is not limited to 1.7. When the aspect ratio is 4:3, as
explained above with reference to Fig. 1, it is preferable to use a value between 1.6 and 1.85. The constant 1.7 cannot
be used for signals having different aspect ratios. However, it is sufficient to use another constant suited to the aspect
ratio, thus, it is clear that the case of estimating a dot clock value using such a constant is within the scope of the present
invention.

[0107] Also, in the present embodiment, information of a horizontal frequency, vertical frequency, and polarity of
horizontal/vertical synchronization signals was extracted from the input image signal and compared with information of
specifications of video signals registered in advance so as to identify the type of the input image signal. However, the
information used for the comparison is not limited to the information of a horizontal frequency, vertical frequency, and
polarity of horizontal/vertical synchronization signals. Any information regarding standards or specifications of the image
signal may be used.

[0108] Also, in the liquid crystal display 10, information regarding the specifications of registered video signals was
stored in the signal specification storing ROM 132 and the correction data was stored in the EEPROM 14, but the
configuration of the memory portion for storing the information and the data is not limited to the above and may be any
configuration. For example, all the information and data may be stored in the EEPROM 14.

[0109] Other than the above, the configuration of the microcomputer 13 may be freely modified.

[0110] As explained above, illustrative embodiments of the present invention provide a dot matrix type image display
apparatus capable of properly displaying an image even if a non-registered image signal is input can be provided.

Claims
1. Animage display apparatus (10), comprising:

a characteristic detection means (13) for detecting from an input image signal predetermined characteristics
regarding the specification of the image signal including at least the number of lines in the vertical direction;
an A/D conversion means (16) for successively sampling the signal of every horizontal period of said input
image signal using a sampling clock and converting it into a digital image signal;

a signal conversion means (17) for converting said digital image signal to a display signal of a predetermined
dot matrix type based on the configuration of a display means; and

adisplay means (18) of a dot matrix type for displaying the image based on said display signal, characterised by
a horizontal pixel number estimation means (13) for multiplying said detected number of lines in the vertical
direction with a predetermined constant to calculate an estimated value of the number of horizontal pixels;
and wherein the cycle of the sampling clock is based on the estimated value of the number of the horizontal pixels.

2. Animage display apparatus as set forth in claim 1, further comprising:

a memory means for storing information regarding specifications of said image signal including the number of
horizontal pixels for each of any plurality of types of image signals and

an image signal identification means for comparing said detected predetermined characteristics with said in-
formation of image signals stored in advance to search for the same type of image signal as said input image
signal from the plurality of types of image signals whose information is stored in advance; and

wherein said A/D conversion means performs said sampling using a sampling clock based on said information
regarding the number of horizontal pixels of the image signals stored in said memory means when an image
signal of the same type as said input image signal is found and performs said sampling using a sampling clock
based on an estimated value of said calculated number of horizontal pixels when an image signal of the same
type as said input image signal is not found.

3. Animage display apparatus as set forth in claim 1, wherein said horizontal pixel number estimation means
multiplies said detected number of lines in the vertical direction by a predetermined constant between 1.6 to 1.85
when said input image signal is an image signal suitable to a display having an aspect ratio of 4:3,
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multiplies said detected number of lines in the vertical direction by a predetermined constant between 1.5 to 1.7
when said input image signal is an image signal suitable to a display having an aspect ratio of 5:4, and

multiplies said detected number of lines in the vertical direction by a predetermined constant between 1.9 to 2.1
when said input image signal is an image signal suitable to a display having an aspect ratio of 16:9 so as to calculate
the estimated value of the number of horizontal pixels.

An image display apparatus as set forth in claim 3, wherein:

said signal conversion means performs conversion of said digital image signal based on said information re-
garding the specifications of the image signal stored in said memory means when an image signal of the same
type as said input image signal is found and obtains information regarding the specifications of the image signal
based on characteristics of said detected input image signal and performs conversion of said digital image
signal based on the information when an image signal of the same type as the input image signal is not found.

An image display apparatus as set forth in claim 4, wherein said signal conversion means obtains information
regarding the specifications of the image signal in accordance with the GTF (generalized timing formula) established
by the VESA (Video Electronics Standard Association) based on the characteristics of said detected input image
signal when an image signal of the same type as the input image signal is not found.

An image display apparatus as set forth in claim 4, wherein said characteristic detection means detects a vertical
synchronization signal and a horizontal synchronization signal from said input image signal and counts the number
of horizontal synchronization signals included in a vertical synchronization period to obtain said number of lines in
the vertical direction.

An image display apparatus as set forth in claim 4, wherein said characteristic detection means detects a vertical
synchronization signal and a horizontal synchronization signal from said input image signal, finds a horizontal fre-
quency and vertical frequency, and divides the horizontal frequency by the vertical frequency to find the number of
lines in the vertical direction.

An image display apparatus as set forth in claim 4, wherein said display means is a liquid crystal display means.
An image display method comprising the steps of:

detecting from an input image signal predetermined characteristics regarding the specification of the image
signal including at least the number of lines in the vertical direction;

successively sampling the signal of every horizontal period of said input image signal using a sampling clock
and converting it into a digital image signal;

converting said digital image signal to a display signal of a predetermined dot matrix type based on the config-
uration of a display means; and

displaying the image based on said display signal on a display means (18) of a dot matrix type, characterised
by the step of:

multiplying said detected number of lines in the vertical direction with a predetermined constant to calculate
an estimated value of the number of horizontal pixels;

and wherein the cycle of the sampling clock is based on the estimated value of the number of the horizontal
pixels.

Patentanspriiche

Bilddarstellungsgerat (10) umfassend:

ein Charakteristik-Detektionsmittel (13) zur Detektion vorbestimmter Charakteristiken eines Eingangsbildsignals
betreffend die Spezifikation des Bildsignals einschlieRlich mindestens der Zahl der Zeilen in vertikaler Richtung;
ein A/D Wandlermittel (16) zur sukzessiven Abtastung des Signals in jeder horizontalen Periode des Eingangs-
signals unter Verwendung eines Abtasttaktimpulses und zum Umwandeln in ein digitales Bildsignal;

ein Signalumwandlungsmittel (17) zum Umwandeln des digitalen Bildsignals in ein Darstellungssignal, das aus
einer Matrix von vorbestimmten Bildpunkten besteht, die ihrerseits auf der Konfiguration eines Darstellungs-
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mittels beruht; und

ein Darstellungsmittel (18) eines Bildpunkt-Matrix-Typs zum Darstellen des Bildes, das auf dem Darstellungs-
signal beruht,

gekennzeichnet durch

ein Horizontal-Pixelzahl-Abschatzungsmittel (13) zum Multiplizieren der detektierten Zahl von Zeilen in vertikaler
Richtung mit einer vorbestimmten Konstante, um einen Schatzwert der Zahl der Horizontal-Pixel zu ermitteln;
wobei der Zyklus der Abtasttaktimpulse auf dem geschatzten Wert der Zahl der Horizontal- Pixel beruht.

2. Bilddarstellungsgerat gemaf Anspruch 1, weiterhin umfassend:

ein Speichermittel zum Speichern von Spezifikationen des Bildsignals betreffenden Informationen, einschlief3lich
der Zahl der horizontalen Pixel fiir jeden einer Vielzahl von Bildsignal-Typen und

ein Bildsignalidentifikationsmittel zum Vergleichen der detektierten vorbestimmten Charakteristiken mit der In-
formation von vorher gespeicherten Bildsignalen, um unter der Vielzahl von Typen von Bildsignalen, deren
Information vorher gespeichert wurde, nach dem gleichen Typ eines Bildsignals zu suchen, wie es das Ein-
gangsbildsignal ist; wobei

ein A/D Wandlermittel das Abtasten unter Verwendung eines Abtasttaktimpulses bewirkt, der auf der Information
beruht, welche die Zahl der Horizontal-Pixel der Bildsignale betreffen, welche in dem Speichermittel gespeichert
sind, wenn ein Bildsignal des gleichen Typs wie das Eingangsbildsignal gefunden wird, wobei das Abtasten
unter Verwendung eines Abtasttakttimpulses auf dem geschatzten Wert der berechneten Zahl von Horizontal-
Pixels beruht, wenn ein Bildsignal des gleichen Typs wie das Eingangsbildsignal nicht gefunden wird.

Bitddarstellungsgerat gemaf Anspruch 1, wobei

das Horizontal-Pixelzahl-Abschatzungsmittel

die detektierte Zahl der Zeilen in vertikaler Richtung mit einer vorbestimmten Konstanten zwischen 1,6 und 1,85
multiplizieren, wenn das Eingangsbildsignal ein Bildsignal ist, welches fir die Darstellung mit einem Bildseitenver-
haltnis von 4:3 geeignet ist, und

die detektierte Zahl der Zeilen in vertikaler Richtung mit einer vorbestimmten Konstanten zwischen 1,5 und 1,7
multiplizieren, wenn das Eingangsbildsignal ein Bildsignal ist, das fiir eine Darstellung mit einem Bildseitenverhaltnis
von 5:4 geeignet ist, und

die detektierte Zahl von Zeilen in vertikaler Richtung mit einer vorbestimmten Konstanten zwischen 1,9 und 2,1
multiplizieren, wenn das Eingangsbildsignal ein Bildsignal ist, dass zur Darstellung mit einem Bildseitenverhaltnis
von 16:9 geeignet ist, derart, dass der geschatzte Wert der Horizontal-Pixelzahl ermittelt werden kann.

Bilddarstellungsgerat gemal Anspruch 3, wobei:

das Signalumwandlungsmittel eine Umwandlung des digitalen Bildsignals bewirkt, das auf der Information
beruht, die die Spezifikationen des Bildsignals betrifft, welche in dem Speichermittel gespeichert sind, wenn
ein Bildsignal des gleichen Typs wie das Eingangsignal gefunden ist, wodurch eine Information Gber die Spe-
zifikationen des Bildsignals gewonnen wird, das auf Charakteristiken des detektierten Eingangssignals beruht,
und wodurch eine Umwandlung des digitalen Bildsignals bewirkt wird, das auf der genannten Information beruht,
wenn ein Bildsignal, welches vom gleichen Typ wie das Eingangsbildsignal ist, nicht gefunden wird.

Bilddarstellungsgerat nach Anspruch 4, wobei

das Signalumwandlungsmittel eine die Spezifikationen des Bildsignals betreffende Information erzeugt, welche
Spezifikationen ihrerseits der von der VESA (Video Electronics Standard Association) eingeflihrten GTF (generalized
timing formula) entsprechen, wobei die genannte Information auf den Charakteristiken des detektierten Eingangs-
bildsignals beruht, wenn ein Bildsignal, das vom gleichen Typ wie das Eingangsbildsignal ist, nicht gefunden wird.

Bilddarstellungsgerat gemal Anspruch 4, wobei

das Charakteristik-Detektionsmittel ein vertikales Synchronisationssignal und ein horizontales Synchronisationssi-
gnal aus dem Eingangsbildsignal detektiert und die Zahl der horizontalen Synchronisationssignale zahlt, die in einer
vertikalen Synchronisationsperiode enthalten sind, um die Zahl der Zeilen in vertikaler Richtung zu ermitteln.

Bilddarstellungsgerat nach Anspruch 4, wobei

das Charakteristik-Detektionsmittel

aus dem Eingangsbildsignal ein vertikales Synchronisationssignal und ein horizontales Synchronisationssignal de-
tektiert,
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eine Horizontalfrequenz und eine Vertikalfrequenz ermittelt, und
die Horizontalfrequenz durch die Vertikalfrequenz dividiert, um die Zahl der Zeilen in vertikaler Richtung ermitteln.

Bilddarstellungsgerat gemal Anspruch 4, wobei
das Darstellungsmittel ein Flussigkristall-Darstellungsmittel ist.

Bilddarstellungsverfahren, umfassend folgende Schritte:

Detektieren eines Eingangsbildsignales auf vorbestimmter Charakteristiken, welche die Spezifikation des Bild-
signals einschlief3lich mindestens der Zahl der Zeilen in vertikaler Richtung betreffen;

wiederholtes Abtasten des Eingangsbildsignals in jeder horizontalen Periode unter Verwendung eines Abtast-
taktsignals und Umwandeln in ein digitales Bildsignal;

Umwandeln des digitalen Bildsignals in ein Darstellungssignal eines vorbestimmten Matrix-Typs von Punkten,
die auf der Konfiguration eines Darstellungsmittels beruht; und

Darstellen des auf dem Bildsignal basierenden Bildes auf einem Darstellungsmittel (18) eines Punktmatrix-Typs,
gekennzeichnet durch den folgenden Schritt:

Multiplizieren der detektierten Zahl von Zeilen in vertikaler Richtung mit einer vorbestimmten Konstanten,
um einen geschatzten Wert der Zahl der Horizontal-Pixel zu ermitteln;
wobei der Zyklus der Abtasttaktimpulse auf dem geschatzten Wert der Zahl der Horizontal-Pixel beruht.

Revendications

1.

Appareil d’affichage d’'image (10), comprenant :

un moyen de détection de caractéristique (13) pour détecter, a partir d’'un signal d'image d’entrée, des carac-
téristiques prédéterminées concernant la spécification du signal d'image incluant au moins le nombre de lignes
suivant la direction verticale ;

un moyen de conversion A/N (16) pour échantillonner en succession le signal de chaque période horizontale
dudit signal d'image d’entrée en utilisant une horloge d’échantillonnage et en le convertissant selon un signal
d’'image numérique ;

un moyen de conversion de signal (17) pour convertir ledit signal d'image numérique selon un signal d’affichage
d’un type matrice de points prédéterminé sur la base de la configuration d'un moyen d’affichage ; et

un moyen d’affichage (18) d’un type matrice de points pour afficher 'image sur la base dudit signal d’affichage,
caractérisé par :

un moyen d’estimation de nombre de pixels horizontaux (13) pour multiplier ledit nombre de lignes détectées
suivant la direction verticale par une constante prédéterminée afin de calculer une valeur estimée du nombre
de pixels horizontaux ; et dans lequel

le cycle de I'horloge d’échantillonnage est basé sur la valeur estimée du nombre des pixels horizontaux.

2. Appareil d’affichage d’'image selon la revendication 1, comprenant en outre :

un moyen de mémoire pour stocker une information concernant des spécifications dudit signal d’image incluant
le nombre de pixels horizontaux pour chacun d’'une quelconque pluralité de types de signaux d’'image ; et

un moyen d’identification de signal d'image pour comparer lesdites caractéristiques prédéterminées détectées
avec ladite information de signaux d'image stockée a I'avance pour rechercher le méme type de signal d'image
que ledit signal d'image d’entrée a partir de la pluralité de types de signaux d’image dont 'information est
stockée a I'avance ; et dans lequel

ledit moyen de conversion A/N réalise ledit échantillonnage en utilisant une horloge d’échantillonnage sur la
base de ladite information concernant le nombre de pixels horizontaux des signaux d’image stockés dans ledit
moyen de mémoire lorsqu’un signal d’image du méme type que ledit signal d'image d’entrée est trouvé et réalise
ledit échantillonnage en utilisant une horloge d’échantillonnage sur la base d’'une valeur estimée dudit nombre
calculé de pixels horizontaux lorsqu’un signal d'image du méme type que ledit signal d'image d’entrée n’est
pas trouve.

3. Appareil d’affichage d’'image selon la revendication 1, dans lequel ledit moyen d’estimation de nhombre de pixels
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horizontaux multiplie ledit nombre détecté de lignes suivant la direction verticale par une constante prédéterminée
entre 1,6 et 1,85 lorsque ledit signal d'image d’entrée est un signal d’image qui convient pour un affichage présentant
un rapport d’aspect de 4:3, multiplie ledit nombre détecté de lignes suivant la direction verticale par une constante
prédéterminée entre 1,5 et 1,7 lorsque ledit signal d'image d’entrée est un signal d'image qui convient pour un
affichage présentant un rapport d’aspect de 5:4 et multiplie ledit nombre détecté de lignes suivant la direction
verticale par une constante prédéterminée entre 1,9 et 2,1 lorsque ledit signal d’image d’entrée est un signal d'image
qui convient pour un affichage présentant un rapport d’aspect de 16:9 de maniére a calculer la valeur estimée du
nombre de pixels horizontaux.

Appareil d’affichage d’'image selon la revendication 3, dans lequel :

ledit moyen de conversion de signal réalise une conversion dudit signal d'image numérique sur la base de ladite
information concernant les spécifications du signal d'image stockée dans ledit moyen de mémoire lorsqu’un
signal d'image du méme type que ledit signal d'image d’entrée est trouvé et obtient une information concernant
les spécifications du signal d'image sur la base de caractéristiques dudit signal d'image d’entrée détecté et
réalise une conversion dudit signal d'image numérique sur la base de I'information lorsqu’un signal d’image du
méme type que le signal d'image d’entrée n’est pas trouvé.

Appareil d’affichage d’image selon la revendication 4, dans lequel ledit moyen de conversion de signal obtient une
information concernant les spécifications du signal d'image conformément a la GTF (formule de cadencement
généralisée) établie par la VESA (Association de Standards Electroniques Vidéo) sur la base des caractéristiques
dudit signal d’image d’entrée détecté lorsqu’un signal d'image du méme type que le signal d'image d’entrée n’est
pas trouvé.

Appareil d’affichage d’image selon la revendication 4, dans lequel ledit moyen de détection de caractéristique détecte
un signal de synchronisation verticale et un signal de synchronisation horizontale a partir dudit signal d'image
d’entrée et compte le nombre de signaux de synchronisation horizontale inclus dans une période de synchronisation
verticale pour obtenir ledit nombre de lignes suivant la direction verticale.

Appareil d’affichage d’image selon la revendication 4, dans lequel ledit moyen de détection de caractéristique détecte
un signal de synchronisation verticale et un signal de synchronisation horizontale a partir dudit signal d'image
d’entrée, trouve une fréquence horizontale et une fréquence verticale et divise la fréquence horizontale par la
fréquence verticale pour trouver le nombre de lignes suivant la direction verticale.

Appareil d’'affichage d’'image selon la revendication 4, dans lequel ledit moyen d’affichage est un moyen d’affichage
a cristaux liquides.

Procédé d’affichage d'image comprenant les étapes de :

détection, a partir d’'un signal d’image d’entrée, de caractéristiques prédéterminées concernant la spécification
du signal d’image incluant au moins le nombre de lignes suivant la direction verticale ;

échantillonnage en succession du signal de chaque période horizontale dudit signal d'image d’entrée en utilisant
une horloge d’échantillonnage et sa conversion selon un signal d'image numérique ;

conversion dudit signal d’image numérique selon un signal d’affichage d’un type matrice de points prédéterminé
sur la base de la configuration d’'un moyen d’affichage ; et

affichage de I'image sur la base dudit signal d’affichage sur un moyen d’affichage (18) d’un type matrice de points,
caractérisé par I'étape de :

multiplication dudit nombre de lignes détectées suivant la direction verticale par une constante prédéter-
minée afin de calculer une valeur estimée du nombre de pixels horizontaux ; et

dans lequel le cycle de I'horloge d’échantillonnage est basé sur la valeur estimée du nombre de pixels
horizontaux.
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