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METHOD AND APPARATUS FORSCALING 
UP AND DOWN AVIDEO IMAGE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

This is one of three reissue applications of U.S. Pat. No. 
5,874,937. The first reissue is application Ser: No. 10/224, 
477 filed Aug. 21, 2002. The second reissue is application 
Ser: No. 1 1/905,507, filed Oct. 1, 2007. The third is this 
application, filed Aug. 1, 2008. This application also is a 
continuation of Reissue application Ser: No. 1 1/905,507, 
which is a continuation of Reissue application Ser: No. 
10/224,477. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of and an appa 
ratus for Scaling up and down an input video image and 
displaying the resultant video image on a display device. 

2. Description of the Related Art 
In some cases, it is required to display video images gen 

erated by a computer on another display device. Such as a 
liquid-crystal projector. In such a case, the computer should 
generate video signals according to the resolution of the dis 
play device. In the description of this specification, the term 
“resolution' implies both a number of dots (that is, a number 
of pixels) in a horizontal direction of a video image and a 
number of lines (that is, a number of scanning lines) in a 
vertical direction. The number of dots in the horizontal 
direction is referred to as the horizontal resolution, whereas 
the number of lines in the vertical direction is referred to as 
the vertical resolution. 

The resolution and the number of tones of a video image 
generated by a computer are restricted by the capacity of a 
video RAM (VRAM) in the computer. The number of tones 
is reduced for a display with a greater resolution (that is, a 
larger screen size), and increased for a display with a smaller 
resolution. When the display device has a significantly large 
screen size, it may be impossible to make the resolution of a 
Video signal generated by the computer coincident with the 
resolution of the display device. The similar problem arises 
when a video image generated by a device other than the 
computer (for example, a television image) is displayed on a 
display device other than a television receiver. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to con 
Vert any resolution of an input video image to a resolution of 
a display device and display the video image with the con 
verted resolution. 

The present invention is directed to a video image scaling 
apparatus for Scaling up or down an input video image and 
displaying the scaled video image on a display device. The 
apparatus comprises: resolution determination means for 
analyzing an input video signal to determine a resolution of 
the input video signal; and Scaling means for expanding or 
contracting a video image expressed by the input video sig 
nal so that the resolution of the video signal is made equal to 
a resolution of the display device. 

Since the resolution of a display device is known, a ratio 
of the resolution of the input video signal to the resolution of 
the display device can be obtained if the resolution of the 
input video signal is determined. Expansion or contraction 
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2 
of a video image by the ratio will make the resolution of a 
Video signal equal to the resolution of the display device. 

In a preferred embodiment of the present invention, the 
resolution determination means comprises: resolution Stor 
age means for storing relations between the resolution of the 
input video signal and frequencies of synchronizing signals 
of the input video signal; frequency determination means for 
determining frequencies of the synchronizing signals of the 
input video signal; and means for reading out a resolution 
corresponding to the frequencies of the synchronizing sig 
nals from the resolution storage means. 
When the relations between the resolutions of a video 

signal and frequencies of synchronizing signals are stored in 
the resolution storage means, the resolution can be readily 
determined according to the frequencies of the synchroniz 
ing signals. 

In accordance with an aspect of the present invention, the 
apparatus further comprises: means for displaying a sign 
indicating that a resolution is unknown when the frequencies 
of the synchronizing signals of the input video image are not 
stored in the resolution storage means; and resolution setting 
means for setting a value of the unknown resolution of the 
input video signal and registering a relation between the 
resolution and the frequencies of the synchronizing signals 
of the input video signal in the resolution storage means. 

This aspect allows to convert the resolution of an input 
image signal even if the input video signal has synchronizing 
signals of unknown frequencies. 
The Scaling means comprises: a first buffer memory for 

temporarily storing the input video signal; a frame memory 
in which a video signal read out of the first buffer memory is 
written; a second buffer memory for temporarily storing a 
Video signal read out of the frame memory; and memory 
control means for giving a write address to the frame 
memory while Successively reading out video signals from 
the first buffer memory to write the video signal read out of 
the first buffer memory into the frame memory, and for giv 
ing a read address to the frame memory to read out the video 
signal from the frame memory and transfer the video signal 
to the second buffer memory, and wherein the memory con 
trol means comprises: means for expanding or contracting a 
Video image read out of the frame memory by adjusting the 
read address given to the frame memory. 
The present invention is also directed to a method of scal 

ing up or down an input video image and displaying the 
scaled video image on a display device. The method com 
prises the steps of: (a) analyzing an input video signal to 
determine a resolution of the input video signal; and (b) 
expanding or contracting a video image expressed by the 
input video signal So that the resolution of the video signal is 
made equal to a resolution of the display device. 

These and other objects, features, aspects, and advantages 
of the present invention will become more apparent from the 
following detailed description of the preferred embodiments 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the structure of a 
liquid-crystal projector as a first embodiment according to 
the present invention; 

FIG. 2 schematically illustrates functions of a video scaler 
36; 

FIG.3 is a block diagram illustrating the internal structure 
of the video scaler 36: 

FIG. 4 shows the contents of a resolution determination 
table; 
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FIG. 5 shows a wave form of a composite video signal; 
FIG. 6 is a block diagram illustrating the internal structure 

of a scaling unit 70; 
FIG. 7 is a timing chart showing a process of generating 

Vertical addresses; 
FIGS. 8A and 8B show a concrete procedure of expanding 

a video image: 
FIG. 9 is a timing chart showing a process of generating 

horizontal addresses; 
FIG. 10 is a block diagram illustrating the internal struc 

ture of a latch error elimination circuit 150; 
FIG. 11 is a block diagram illustrating the structure of a 

down converter as a second embodiment according to the 
present invention; and 

FIGS. 12A, 12B1, 12B2, and 12B3 show a process of 
expanding and contracting a video image by multiplying 
read addresses by a predetermined coefficient K. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a block diagram illustrating the structure of a 
liquid-crystal projector as a first embodiment according to 
the present invention. The liquid-crystal projector projects 
Video images generated by a personal computer 100 on a 
large-size screen (not shown). The liquid-crystal projector 
includes a CPU 20, a main memory 22, an input panel 24 
functioning as input means, an A-D converter 32, a frame 
memory 34, a video scaler 36, LCD drivers 38, LCD panels 
(liquid-crystal panels) 40, and a light source 42. The frame 
memory 34 includes three memory planes for storing R, G, 
and B signals, respectively. The LCD drivers 38 and the 
LCD panels are also provided for the R,G, and B signals. 
The CPU20 functions as a frequency determination unit 

26 for determining a frequency of a synchronizing signal 
SYNC given by the personal computer 100 and as a resolu 
tion determination unit 28 for determining a resolution cor 
responding to the frequency of the synchronizing signal 
SYNC. The CPU 20 executes computer program codes 
stored in the main memory 22 to implement these functions. 
The A-D converter 32 converts an analog video signal 

VPC generated by the personal computer 100 to a digital 
video signal DPC and transmits the digital video signal DPC 
to the video scaler 36. The video scaler 36 receives the digi 
tal video signal DPC as well as the synchronizing signal 
SYNC output from the personal computer 100. In the 
description of this specification, the term “video signals' 
may represent video signals in a narrow sense that do not 
include synchronizing signals, and also those in a broad 
sense that include synchronizing signals. 
The video scaler 36 writes the input digital video signal 

DPC into the frame memory 34 while reading out a video 
signal from the frame memory 34 and Supplying the video 
signal to the LCD driver 38. In the course of writing or 
reading procedure, the video scaler 36 expands or contracts a 
Video image, so as to make the resolution of the video signal 
coincident with a standard resolution of the LCD panel 40. 
The LCD driver 38 reproduces a video images that is trans 
mitted from the video scaler 36 on the LCD panel 40. The 
video images reproduced on the LCD panels 40 are finally 
projected as a color image on the screen by means of an 
optical system including the light source 42. 

FIG. 2 schematically illustrates the functions of the video 
scaler 36. As shown in the left half of FIG. 2, video images 
generated by the personal computer 100 may have a variety 
of resolutions (for example, 640 dots by 400 lines, 640 dots 
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4 
by 480 lines, 800 dots by 600 lines, 1,024 dots by 768 lines, 
and 1,600 dots by 1,200 lines). The standard resolution of 
the LCD panel 40 is, on the other hand, fixed to a predeter 
mined value. In the example of FIG. 2, the standard resolu 
tion is 800 dots by 600 lines. The video scaler 36 accord 
ingly expands or contracts the input video signal VPC in 
order to generate a video signal having the standard resolu 
tion of the LCD panel 40. When the video signal VPC gen 
erated by the personal computer 100 is input into the liquid 
crystal projector of this embodiment, a Video image 
expressed by the video signal VPC will be reproduced on the 
whole screen of the LCD panels 40. This means that the 
resolution in the liquid-crystal projector is independent of 
the resolution of the input video signal VPC. Accordingly, a 
Video image originally generated by the personal computer 
100 can be reproduced on the LCD panel 40 to cover its 
whole display area regardless of the resolution and the num 
ber of tones of the image which are determined by the per 
sonal computer 100. 
FIG.3 is a block diagram illustrating the internal structure 

of the video scaler 36. The video scaler 36 includes a first 
color conversion unit 50, a write synchronizing signal gen 
erator 52, an input FIFO buffer 54, a DRAM controller 56, 
an address controller 58, a CPU access controller 60, two 
output FIFO buffers 61 and 62, a filter unit 64, a second 
color conversion unit 66, and a read synchronizing signal 
generator 68. As shown in FIG. 3, the frame memory 34 is 
constructed as a dynamic RAM in this embodiment. The 
DRAM controller 56 is a circuit for controlling a process of 
writing video signals into the frame memory 34 and a pro 
cess of reading out video signals from the frame memory 34. 
The digital video signal DPC output from the A-D con 

verter 32 shown in FIG. 1 is given to the first color conver 
sion unit 50, which carries out a color conversion to RGB 
signals, if necessary. By way of example, when the input 
digital video signal DPC is an YCrCb signal, the first color 
conversion unit 50 converts the YCrCb signal to an RGB 
signal. 
The synchronizing signal SYNC generated by the per 

Sonal computer 100 includes a horizontal synchronizing sig 
nal HSYNC1 and a vertical synchronizing signal VSYNC1. 
The write synchronizing signal generator 52 has an internal 
PLL circuit (not shown), which multiplies the frequency of 
either the horizontal synchronizing signal HSYNC1 or the 
vertical synchronizing signal VSYNC1 by No to generate a 
dot clock signal DCK1. The dot clock signal DCK1 indi 
cates an update timing of a dot position in the horizontal 
direction. The dot clock signal DCK1 as well as the horizon 
tal synchronizing signal HSYNC1 and the vertical synchro 
nizing signal VSYNC1 are supplied to the address controller 
58. 

The video signal converted by the first color conversion 
unit 50 is temporarily stored in the FIFO buffer 54 and writ 
ten into the frame memory 34 by the DRAM controller 56. 
The FIFO buffer 54 works to adjust the timing of the writing 
operation. The writing operation into the frame memory 34 
is carried out synchronously with the write synchronizing 
signals (DCK1, HSYNC1, and VSYNC1) output from the 
write synchronizing signal generator 52. Each dot position 
(or horizontal address) is updated synchronously with the 
dot clock signal DCK1, while each scanning line position 
(vertical address) is updated synchronously with the hori 
Zontal synchronizing signal HSYNC1. Each frame or each 
field is updated synchronously with the vertical synchroniz 
ing signal VSYNC1. The DRAM controller 56 also reads out 
video signals stored in the frame memory 34 and writes the 
input video signals alternately into the two FIFO buffers 61 



US RE41,522 E 
5 

and 62. The reading-out operation from the frame memory 
34 is carried out synchronously with read synchronizing sig 
nals (DCK2, HSYNC2, and VSYNC2) generated by the read 
synchronizing signal generator 68. The read synchronizing 
signals (DCK2, HSYNC2, and VSYNC2) are also supplied 
to the LCD driver 38 to be used as display synchronizing 
signals for the LCD panel 40. The address controller 58 is a 
circuit for generating a write address and a read address and 
supplying the write and read addresses to the DRAM con 
troller 56. The address controller 58 further includes a scal 
ing unit 70 for expanding or contracting (or Scaling up or 
down) a video image. 
One line of video signals read out from the frame memory 

34 are written alternately into the two output FIFO buffers 
61 and 62. In the mean time, video signals are read out from 
the buffer which is not under the writing operation, to be 
supplied to the filter unit 64. The filter unit 64 is a circuit for 
carrying out a variety of filtering processes, such as Y correc 
tion (conversion of input/output tones) and left-to-right and 
top-to-bottom inversions of video images. The filtered video 
signal undergoes the color conversion in the second color 
conversion unit 66, if necessary, to be converted to an output 
video signal DOUT. The output video signal DOUT is then 
supplied to the LCD driver 38 (see FIG. 1). 
The CPU20 shown in FIG. 1 has access to the respective 

elements in the video scaler 36 via the CPU access controller 
60 shown in FIG. 3. In measuring the frequency of the syn 
chronizing signal SYNC corresponding to the input video 
signal VPC, the CPU20 receives the signals output from the 
write synchronizing signal generator 52 via the CPU access 
controller 60. The CPU 20 first functions as the frequency 
determination unit 26 (see FIG. 1) to measure the frequen 
cies of the horizontal synchronizing signal HSYNC1 and the 
vertical synchronizing signal VSYNC1, which are supplied 
to the write synchronizing signal generator 52. The CPU20 
then functions as the resolution determination unit 28 to 
determine the resolution of the input video image VPC based 
on the measured frequencies. 

FIG. 4 shows a resolution determination table indicating 
relations between the resolutions and the frequencies of the 
synchronizing signals. The relations between the various 
resolutions (the number of dots by the number of lines) and 
the frequencies of the horizontal synchronizing signal and 
the vertical synchronizing signal are registered in the resolu 
tion determination table, which is stored in the main memory 
22. The frequency of an operation clock of the CPU20 is at 
least tens of MHZ while the frequency of the horizontal syn 
chronizing signal is tens of kHz, and the frequency of the 
vertical synchronizing signal several is tens of Hz. The CPU 
20 can thus execute the computer program codes to imple 
ment the function of the frequency determination unit 26 to 
measure these frequencies with a Sufficiently high accuracy. 
In accordance with a concrete procedure, the CPU20 carries 
out the counting-up operation at a regular interval and 
obtains a count between edges (such as falling edges) of the 
horizontal synchronizing signal HSYNC1. The CPU20 then 
calculates the frequency of the horizontal synchronizing sig 
nal HSYNC1 from the count. The frequency of the vertical 
synchronizing signal VSYNC1 can be determined in a simi 
lar manner. After determining the frequencies of the Syn 
chronizing signals HSYNC1 and VSYNC1, the resolution 
determination unit 28 determines the corresponding resolu 
tion by referring to the resolution determination table (FIG. 
4). 
As shown in FIG.4, plural combinations of the frequen 

cies of synchronizing signals may correspond to an identical 
resolution. It is accordingly desirable to register relations 
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6 
between the resolutions and the frequencies used in a num 
ber of commercially available apparatuses as many as pos 
sible into the resolution determination table. There is, 
however, still a possibility of receiving a video signal having 
a frequency not registered in the resolution determination 
table. In such a case, the CPU20 shown in FIG.1 may make 
a display on the LCD panel 40 (or on a display unit of the 
input panel 24), showing that the frequency of the input 
video signal VPC has not yet been registered. The user then 
sets the resolution (the number of dots by the number of 
lines) of the input video signal VPC with the input panel 24, 
thereby registering the relation between the frequency and 
the resolution into the resolution determination table. In 
order to realize this process, it is desirable to store the reso 
lution determination table in a write-enable memory, such as 
a RAM or a flash memory. 
The resolution of the input video signal VPC may be 

determined on the basis of not only the frequencies of the 
horizontal synchronizing signal and the vertical synchroniz 
ing signal but on period widths H and H of the horizontal 
and vertical synchronizing signals and on the kind of inter 
lacing. FIG. 5 shows the period widths H and H of the 
horizontal synchronizing signal and the vertical synchroniz 
ing signal. For convenience of illustration, FIG. 5 shows a 
wave form of a composite video signal. Determination of the 
resolution of the input video signal based on the frequencies 
of the Synchronizing signals as well as their period widths 
H. and H- and the state of interlacing can effectively reduce 
the possible errors that may be made in the determination. 
The horizontal resolution and the vertical resolution deter 

mined by the resolution determination unit 28 are given to 
the address controller 58 via the CPU access controller 60 
(see FIG. 3). The scaling unit 70 in the address controller 58 
carries out expansion or contraction of a video image as 
described before along with FIG. 2, in order to convert the 
horizontal and vertical resolutions to the standard resolu 
tions of the LCD panel 40. 

FIG. 6 is a block diagram illustrating the internal structure 
of the scaling unit 70. The scaling unit 70 includes a PLL 
circuit 142, a frequency divider 144, a horizontal address 
generator 146, a vertical address generator 148, a 3-state 
buffer 160, and an inverter 162. A data latch 164 shown in 
FIG. 6 is a circuit included in the DRAM controller 56. The 
horizontal address generator 146 includes a latch error elimi 
nation circuit 150, a first counter 152, and a first latch 154. 
The vertical address generator 148 includes a second counter 
156 and a second latch 158. 

The PLL circuit 142 receives the horizontal synchronizing 
signal HSYNC2, which is generated for the reading-out 
operation, and generates a second dot clock signal DCKX 
having the frequency of N times the frequency of HSYNC2. 
The frequency divider 144 receives the dot clock signal 
DCK2, which is also generated for the reading operation, 
and divides the frequency of DCK2 by M to generate a line 
increment signal LINCX. The preset values N and M in the 
PLL circuit and the frequency divider 144 are used to con 
vert the resolution of the input video signal VPC to the reso 
lution of the LCD panel 40, and are respectively determined 
by the CPU20. A concrete process of determining the preset 
values N and M will be described later. 

FIG. 7 is a timing chart showing operation of the vertical 
address generator 148. After being reset by the vertical syn 
chronizing signal VSYNC2 for the reading operation (FIG. 
7(a)), the second counter 156 counts the number of pulses in 
the line increment signal LINCX. A count HC on the second 
counter 156 (FIG. 7(d)) is latched at a rising edge of the 
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horizontal synchronizing signal HSYNC2 and given as a 
vertical address VADD to the 3-state buffer 160. In the 
example of FIG. 7(e), the vertical address VADD is updated 
as 0, 1, 1, 2, . . . 

FIGS. 8A and 8B show a concrete process of expanding a 
video image. FIG. 8A shows video data stored in the frame 
memory 34, and FIG. 8B shows expanded video data. 
Numerals written in the tables represent the values of video 
data. In the timing chart of FIG. 7(e), video data are read out 
from the frame memory 34 such that: a video image on a 
scanning line of VADD=0 is read out once, a video image on 
a scanning line of VADD=1 twice, a video image on a scan 
ning line of VADD=2 twice, and the like. The video image 
thus read out is accordingly expanded in the vertical direc 
tion as shown in FIG. 8B. A vertical magnification MV2 is 
given as a ratio of a frequency f{SYNC2 of the horizontal 
synchronizing signal HSYNC2 to a frequency f1 INCX of 
the line increment signal LINCX. The video image can be 
expanded by an arbitrary magnification in the vertical direc 
tion by adjusting the preset value M in the frequency divider 
144 (FIG. 6). The video image will be contracted in the 
vertical direction when the value of the magnification MV2 
is less than 1. 

FIG. 9 is a timing chart showing an operation of the hori 
Zontal address generator 146. The latch error elimination 
circuit 150 (FIG. 6) generates a third dot clock signal 
DCKXX (FIG. 9(e)) from the first and the second dot clock 
signals DCK2 and DCKX (FIGS. 9(b) and 9(d)). 

FIG. 10 is a block diagram illustrating the internal struc 
ture of the latch error elimination circuit 150. The latch error 
elimination circuit 150 includes a delay circuit 170, an 
exclusive NOR (EXNOR) circuit 172, and a D-type flip-flop 
174. An output signal DKFF of the EXNOR circuit 172 is an 
inversion of an exclusive OR of the first dot clock signal 
DCK2 and a signal obtained by delaying the dot clock signal 
DCK2 by a predetermined time period. The signal DKFF 
thus represents timings of rises and falls of the first dot clock 
signal DCK2 as shown in FIG. 9(c). 
The output signal DKFF of the EXNOR circuit 172 is 

supplied to a clock input terminal of the flip-flop. 174, while 
the second dot clock signal DCKX is given to a D-input 
terminal of the flip-flop. 174. The third dot clock signal 
DCKXX output from the flip-flop. 174 thus represents the 
level of the second dot clock signal DCKX at a rising edge of 
the output signal DKFF of the EXNOR circuit 172 as shown 
in FIG. 9(e). The third dot clock signal DCKXX has the 
frequency identical with that of the second dot clock signal 
DCKX. The output signal DKFF of the EXNOR circuit 172 
rises after a predetermined delay time from an edge of the 
first dot clock signal DCK2, and the timing of the level 
change of the third dot clock signal DCKXX is delayed by 
the predetermined delay time from the edge of the first dot 
clock signal DCK2 accordingly. The latch error elimination 
circuit 150 generates the third dot clock signal DCKXX, in 
order to prevent the value of a horizontal address latched by 
the first latch 154 from being unstable as discussed later in 
detail. 

After being reset by the pulse of the horizontal synchro 
nizing signal HSYNC2, the first counter 152 of the horizon 
tal address generator 146 (FIG. 6) counts up the number of 
pulses of the third dot clock signal DCKXX generated by the 
latch error elimination circuit 150 and supplies a count DC 
(FIG. 9(f)) to the first latch 154. Since the third dot clock 
signal DCKXX and the second dot clock signal DCKX have 
identical frequencies as mentioned above, the count DC of 
the first counter 152 practically indicates the number of 
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8 
pulses of the second dot clock signal DCKX. The first latch 
154 latches the count DC synchronously with the first dot 
clock signal DCK2, and gives the latched count as a horizon 
tal address HADD (FIG.9(g)) to the 3-state buffer 160. The 
horizontal address HADD accordingly represents the num 
ber of pulses of the second dot clock signal DCKX and is 
updated at every rising edge of the first dot clock signal 
DCK2. The value of the horizontal address HADD can be 
updated in a predetermined manner by adjusting a frequency 
floCK2 of the first dot clock signal DCK2 and a frequency 
floCKX of the second dot clock signal DCKX. In the 
example of FIG. 9(g), the value of the horizontal address 
HADD is varied as 0,0,1, ... 
The tables of FIGS. 8A and 8B discussed above show a 

process of expanding a video image according to the hori 
Zontal address HADD in FIG. 9(g). The timing chart shown 
in FIG. 9 corresponds to timings of generating addresses in 
the horizontal direction on an upper-most scanning line hav 
ing the vertical address of VADD=0. The horizontal address 
HADD is updated as 0.0.1 ... as shown in FIG. 9(g). Video 
data of the respective pixels existing on this scanning line are 
successively read out from the frame memory 34 o that the 
video data of the pixel having the horizontal address 
HADD=0 is read out twice, the video data of the pixel hav 
ing the horizontal address HADD=1 is read out once, and the 
like. 

As discussed above, the horizontal address HADD 
depends upon the relation between the frequencies of the 
two dot clock signals DCK2 and DCKX. A video image can 
thus be expanded or contracted in the horizontal direction by 
adjusting the frequencies of these dot clock signals DCK2 
and DCKX. A magnification MH2 of a video image in the 
horizontal direction is given as the ratio of the frequency 
floCK2 of the first dot clock signal DCK2 to the frequency 
floCKX of the second dot clock signal DCKX as shown in 
the bottom of FIG. 8. A video image can accordingly be 
expanded or contracted by an arbitrary magnification in the 
horizontal direction by adjusting the preset value N in the 
PLL circuit 142. 

The reason why the latch error elimination circuit 150 is 
used to generate the signal DCKXX is as follows. As shown 
in FIG. 9(f), the count DC on the first counter 152 is varied 
synchronously with each rising edge of the third dot clock 
signal DCKXX (FIG. 9(e)) after the horizontal synchroniz 
ing signal HSYNC2 (FIG. 9(a)) is returned to the high level. 
As discussed previously, an edge of the third dot clock signal 
DCKXX is delayed by a predetermined time period from an 
edge of the first dot clock signal DCK2. The latch timing in 
the first latch 154 thus does not overlap the timing of varia 
tion in count DC, so that the value of the horizontal address 
HADD is made stable. 

As discussed above, the magnification MH2 in the hori 
Zontal direction and the magnification MV2 in the vertical 
direction can be set independently as shown in the bottom of 
FIG. 8, by adjusting the preset value N of the PLL circuit 
142 and the preset value M of the frequency divider 144 
shown in FIG. 6. A video image can be reproduced on the 
whole screen of the LCD panel 40 by setting the magnifica 
tion MH2 in the horizontal direction equal to the ratio of the 
horizontal resolution of the LCD panel 40 to the horizontal 
resolution of the input video signal VPC) and by setting the 
magnification MV2 in the vertical direction equal to the ratio 
of the vertical resolution of the LCD panel 40 to the verti 
cal resolution of the input video signal VPC). 

FIG. 11 is a block diagram illustrating the structure of a 
down-converter as a second embodiment according to the 
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present invention. The down-converter has a video signal 
selection unit 200 in addition to the input unit of the liquid 
crystal projector shown in FIG. 1. The down-converter fur 
ther includes a video encoder 202 in place of the LCD driver 
38, and a variety of output devices (such as a television 
receiver 204, a video player 206, and a CD-RAM 208) in 
place of the LCD panel 40 and the light source 42. 
The video signal selection unit 200 receives two television 

signals STV1 and STV2 as well as video signals (VPC, 
SYNC) generated by a personal computer, and selects one of 
the received signals. The television signals STV1 and STV2 
are composite video signals including synchronizing signals. 
When the video signal selection unit 200 selects a composite 
Video signal, a decoder (not shown) in the video signal selec 
tion unit 200 generates component video signals VIN and a 
synchronizing signal SYNC from the selected composite 
Video signal. 
The video encoder 202 generates a composite video sig 

nals from a digital video signal DOUT and the reading-out 
synchronizing signals (DCK2, HSYNC2, and VSYNC2) 
output from the video scaler 36. The composite video signal 
thus generated is supplied to the television receiver 204 and 
the video player 206. In order to write a video image into the 
CD-RAM 208 (write-enable compact disk unit), the video 
encoder 202 does not generate a composite video signal but 
directly supplies the digital video signal DOUT and the 
reading-out synchronizing signals to the CD-RAM 208. The 
Video scaler 36 can change the resolution of a video image to 
a desired resolution as discussed previously. When the user 
specifies a desired resolution, the video scaler 36 can output 
Video images with the desired resolution corresponding to 
the various output devices. The apparatus of FIG. 11 is 
called down-converter because it can convert a variety of 
input video signals down to a variety of output video signals. 
The present invention is not restricted to the above 

embodiments or applications. There may be many 
modifications, changes, and alterations without departing 
from the scope and spirit of the main characteristics of the 
inventions follows. 

(1) The functions of the frequency determination unit 26 
and the resolution determination unit 28 (see FIG. 1) real 
ized by the computer program codes in the above embodi 
ments may be realized by hardware circuits. 

(2) In the above embodiments, image expansion and con 
traction are carried out when video images are read out from 
the frame memory 34. The image expansion and contraction 
may, however, be executed when video images are written 
into the frame memory 34. 

(3) Any technique other than the frequency control dis 
cussed above may be applied to the image expansion and 
contraction. For example, they can be attained by multiply 
ing the read address or the write address by a predetermined 
coefficient to change the addresses so that the image is 
expanded or contracted according to the changed addresses. 
FIGS. 12A and 12B1-12B3 show a process of expanding 
and contracting a video image by multiplying read address 
by a predetermined coefficient K. FIG. 12A shows a video 
image stored in the frame memory 34, whereas FIGS. 12B1 
through 12B3 show expanded or contracted video images. In 
the drawing, Dij represents video data written at an address 
(i,j) in the frame memory 34. 

In the example of FIGS. 12A and 12B1–12B3, it is 
assumed that a memory resolution is defined by Mx (dots) 
by My (lines) and a display resolution NX (dots) by Ny 
(lines). The coefficients K(Kx.Ky) by which the addresses 
are multiplied are given as follows: 
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A read address (XADD.YADD) used for reading out 
video data from the frame memory 34 is converted to a new 
read address (XADD.YADD) by the following equations: 

XADD=INT(KxxXADD) (2a) 

YADD=INT(KyxYADD) (2b) 

wherein the operator INT() represents an operation of tak 
ing an integral portion of the value in parentheses. 

FIG. 12B1 shows an example of the displayed image 
when the coefficients Kx and Ky are greater than 1.0 (for 
example, KX=Ky=2.0). When the original horizontal address 
XADD is increased one by one, such as 0,1,2,. . . . , the 
converted horizontal address XADD is varied as 0.2.4, . . . 
according to Equation (2a) given above. The Vertical address 
YADD is converted in the same manner. Video data are read 
out from the frame memory 34 according to the converted 
read addresses XADD and YADD, so that a contracted video 
image is displayed as shown in FIG. 12B1. The horizontal 
magnification and the vertical magnification in this contract 
ing process are respectively equal to 1/KX and 1/Ky. 
When the coefficients Kx and Ky are equal to 1.0, a video 

image in the frame memory 34 is displayed without any 
expansion or contraction as shown in FIG. 12B2. 

FIG. 12B3 shows an example of the displayed image 
when the coefficients Kx and Ky are smaller than 1.0 (for 
example, KX=Ky=0.7). When the original horizontal address 
XADD is increased one by one as 0,1,2,3,..., the converted 
horizontal address XADD is varied as 0,0,1,2,... The verti 
cal address YADD is converted in the same manner. Video 
data are read out from the frame memory 34 according to the 
converted read addresses XADD and YADD, so that an 
expanded video image is displayed as shown in FIG. 12B3. 

It is possible to set arbitrary values to Kx and Ky indepen 
dently. 

(4) When a high-speed read/write memory, such as a syn 
chronous DRAM, is used for the frame memory 34, high 
speed reading and writing of video signals can be carried 
Out. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A video image scaling apparatus for receiving a video 

image output as a video signal in a first format for a first 
display device and outputting the video image in a second 
format for a second display device, said apparatus compris 
ing: 

frequency determination means for analyzing the video 
signal to determine a frequency of synchronizing sig 
nals when the video signal is output in the first format; 

image size determination means for determining an image 
size of the video signal by analyzing the frequency of 
the synchronizing signals of the video signal output in 
the first format; and 

Scaling means for Scaling the video image expressed by 
the video signal in the first format by utilizing the syn 
chronizing signals and the determined image size so 
that the video signal is output in the second format of 
said second display device. 
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2. A video image scaling apparatus in accordance with 
claim 1, wherein said image size determination means com 
prises: 

image size storage means for storing relationships which 
identify the image size of the video signal in the first 
format based on the frequency of the synchronizing 
signals of the video signal; and 

means for determining the image size of the video signal 
in the first format by referencing said image size stor 
age means according to the frequency of the synchro 
nizing signals of the video signal. 

3. A video image scaling apparatus in accordance with 
claim 2, said apparatus further comprising: 

means for displaying a sign indicating that an image size 
is unknown when the frequencies of the synchronizing 
signals of the video image are not stored in said image 
size storage means; and 

image size setting means for setting a value of the 
unknown image size of the video signal and registering 
a relation between the image size and the frequencies of 
the synchronizing signals of the video signal in said 
image size storage means. 

4. A video image scaling apparatus in accordance with 
claim 1, wherein said Scaling means comprises: 

a first buffer memory for temporarily storing the input 
Video signal; 

a frame memory in which a video signal read out of said 
first buffer memory is written; 

a second buffer memory for temporarily storing a video 
signal read out of said frame memory; and 

memory control means for giving a write address to said 
frame memory while Successively reading out video 
signals from said first buffer memory to write the video 
signal read out of said first buffer memory into said 
frame memory, and for giving a read address to said 
frame memory to read out the video signal from said 
frame memory and transfer the video signal to said sec 
ond buffer memory, and wherein 
said memory control means comprises: 
means for expanding or contracting a video image 

read out of said frame memory by adjusting the 
read address given to said frame memory. 

5. A method for receiving a video image output as a video 
signal in a first format for a first display device and output 
ting the video image in a second format for a second display 
device, said method comprising the steps of 

(a) analyzing the video signal to determine a frequency of 
synchronizing signals when the video signal is output 
in the first format; 

(b) determining an image size of the video signal by ana 
lyzing the frequency of the synchronizing signals of the 
Video signal output in the first format, and 

(c) scaling the video image expressed by the video signal 
in the first format by utilizing the synchronizing signals 
and the determined image size so that the video signal 
is output in the second format of said second display 
device. 

6. A method in accordance with claim 5, wherein said 
step (b) comprises the steps of 

storing, in a memory, relationships which identify the 
image size of the video signal in the first format based 
on the frequency of the synchronizing signals of the 
Video signal; and 

determining the image size of the video signal in the first 
format by referencing said memory according to the 
frequency of the Synchronizing signals of the video sig 
nal. 

7. A lethod in accordance with claim 6, further compris 
ing the steps of 
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displaying a sign indicating that an image size is unknown 
when the frequencies of the synchronizing signals of 
the video image are not stored in said memory; and 

setting a value of the unknown image size of the video 
signal and registering a relation between the image size 
and the frequencies of the synchronizing signals of the 
video signal in said memory. 

8. A method in accordance with claim 5, wherein said 
step (b) comprises the steps of 

writing the input video signal into said frame memory; 
and 

giving a read address to said frame memory to read out the 
video signal from said frame memory while adjusting 
the read address to expand or contract a video image 
read out of said frame memory. 

9. A video image scaling apparatus for receiving a video 
image output as a video signal in a first format for a first 
display device and outputting the video image in a second 
format for a second display device, said apparatus compris 
ing: 

a video signal input for receiving a video signal, in the 
first format, including synchronizing signals; 

a synchronizing signal frequency analyzer receiving the 
video signal from the video signal input and determin 
ing a frequency of the synchronizing signals when the 
video signal is output in the first format; 

an image size determination unit for determining an 
image size of the video signal by analyzing the fre 
quency of the synchronizing signals being applied to 
the video signal input; and 

a scaling unit for Scaling the video image expressed by the 
video signal in the first format by utilizing the synchro 
nizing signals and the determined image size so that the 
video signal is output in the second format of said sec 
ond display device. 

10. A video image scaling apparatus in accordance with 
claim 9, wherein the image size determination unit com 
prises: 

a memory unit for storing relationships which identify the 
image size of the video signal in the first format based 
on the frequency of the synchronizing signals of the 
video signal; and 

a lookup unit for looking up frequencies in the memory 
unit to determine the image size of the video signal 
output in the first format. 

11. A video image scaling apparatus in accordance with 
claim 10, further comprising: 

an indicator for indicating that an image size is unknown 
when the frequency of the synchronizing signals are not 
stored in the memory unit; and 

a memory unit updating unit for setting in the memory 
unit (1) a value of the unknown image size of the video 
signal and (2) a relation between the unknown image 
size and the frequency of the synchronizing signals. 

12. A video image scaling apparatus in accordance with 
claim 9, wherein said scaling unit comprises: 

a first buffer memory for temporarily storing the video 
signal; 

a frame memory in which a video signal read out of said 
first buffer memory is written; 

a second buffer memory for temporarily storing a video 
signal read out of said frame memory; and 

a memory controller for applying a write address to said 
frame memory while Successively reading out video 
signals from said first buffer memory to write the video 
signal read out of said first buffer memory into said 
frame memory, and for applying a read address to said 
frame memory to read out the video signal from said 



US RE41,522 E 
13 

frame memory and transfer the video signal to said sec 
ond buffer memory, and wherein 

said memory controller includes a read address updating 
unit which expands or contracts a video image read out 
of said frame memory by adjusting a read address given 
to said frame memory. 

13. A video image scaling apparatus for scaling a video 
image by receiving a video signal in a first format and out 
putting a video signal in a second format, the video signal in 
the second format having a predetermined number of pixels 
in a scanning line in a horizontal direction and a predeter 
mined number of scanning lines in a vertical direction, the 
apparatuS COmprising 

a video signal input for receiving the video signal in the 
first format, including synchronizing signals, 

a synchronizing signal frequency analyzer receiving the 
video signal in the first format from the video signal 
input and determining a frequency of the synchronizing 
Signals, 

an image size determination unit for determining a num 
ber of pixels in a horizontal direction of the video sig 
nal in the first format and a number of scanning lines in 
a vertical direction of the video signal in the first format 
by analyzing the frequency of the synchronizing sig 
mals, and 
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a scaling unit for calculating a horizontal magnification 2s 
from the number of pixels in the horizontal direction of 
the video signal in the first format and the number of 
pixels in the horizontal direction of the video signal in 
the second format and a vertical magnification from the 
number of scanning lines in a vertical direction of the 
video signal in the first format and the number of scan 
ning lines in the vertical direction of the video signal in 
the second format, and scaling the video image 
expressed by the video signal in the first format by uti 
lizing at least one of the horizontal magnification and 
the vertical magnification so that the video signal is 
output in the second format. 

14. The video image scaling apparatus according to claim 
13, further comprising: 
a memory to store the video image, 
wherein the scaling unit performs scaling when the video 

image is written into the memory. 
15. The video image scaling apparatus according to claim 

13, further comprising: 
a memory to store the video image, 
wherein the scaling unit performs scaling when the video 

image is read out from the memory. 
16. The video image scaling apparatus according to claim 

13, wherein the scaling unit performs scaling in the horizon 
tal and vertical directions. 

17. The video image scaling apparatus according to claim 
13, wherein the scaling unit performs scaling only in the 
horizontal direction. 

18. The video image scaling apparatus according to claim 
13, wherein the scaling unit performs scaling only in the 
vertical direction. 

19. The video image scaling apparatus according to claim 
13, wherein the scaling unit performs scaling when the num 
ber of pixels in the horizontal direction of the video signal in 
the first format is larger than the number of pixels in the 
horizontal direction of the video signal in the second format. 

20. The video image scaling apparatus according to claim 
13, wherein the scaling unit performs scaling when the num 
ber of pixels in the horizontal direction of the video signal in 
the first format is less than the number of pixels in the hori 
zontal direction of the video signal in the second format. 

21. The video image scaling apparatus according to claim 
13, wherein the scaling unit performs scaling when the num 
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ber of scanning lines in the vertical direction of the video 
signal in the first format is larger than the number of scan 
ning lines in the vertical direction of the video signal in the 
second format. 

22. The video image scaling apparatus according to claim 
13, wherein the scaling unit performs scaling when the num 
ber of scanning lines in the vertical direction of the video 
signal in the first format is less than the number of scanning 
lines in the vertical direction of the video signal in the sec 
Ond format. 

23. A projector comprising: 
a light source, 
a video image Scaling apparatus for Scaling a video image 

by receiving a video signal in a first format and output 
ting a video signal in a second format, the video signal 
in the second format having a predetermined number of 
pixels in a scanning line in a horizontal direction and a 
predetermined number of scanning lines in a vertical 
direction, and 

a light modulation panel for modulating light from the 
light source in response to the video signal in the sec 
Ond format supplied from the video image scaling 
apparatus, 

the video image scaling apparatus comprising: 
a video signal input for receiving the video signal in the 

first format, including synchronizing signals, 
a synchronizing signal frequency analyzer receiving the 

video signal in the first format from the video signal 
input and determining a frequency of the synchroniz 
ing signals, 

an image size determination unit for determining a 
number of pixels in a horizontal direction of the 
video signal in the first format and a number of scan 
ning lines in a vertical direction of the video signal in 
the first format by analyzing the frequency of the syn 
chronizing signals, and 

a scaling unit for calculating a horizontal magnifica 
tion from the number of pixels in the horizontal 
direction of the video signal in the first format and 
the number of pixels in the horizontal direction of the 
video signal in the second format and a vertical mag 
nification from the number of scanning lines in a 
vertical direction of the video signal in the first for 
mat and the number of scanning lines in the vertical 
direction of the video signal in the second format, 
and scaling the video image expressed by the video 
signal in the first format by utilizing at least one of 
the horizontal magnification and the vertical magni 
fication so that the video signal is output in the sec 
Ond format. 

24. The projector according to claim 23, further compris 
ing. 

a memory to store the video image, 
wherein the scaling unit performs scaling when the video 

image is written into the memory. 
25. The projector according to claim 23, further compris 

ing. 

a memory to store the video image, 
wherein the scaling unit performs scaling when the video 

image is read out from the memory. 
26. The projector according to claim 23, wherein the scal 

ing unit performs scaling in the horizontal and vertical 
directions. 

27. The projector according to claim 23, wherein the scal 
ing unit performs scaling only in the horizontal direction. 
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