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ABSTRACT

A receiver for simultaneously displaying signals having different display
formats and/or different frame rates, and a method thereof are provided. The
receiver includes a signal generator, a first display processor, and a second
display processor. The signal generator generates a first vertical synchronous
signal for a high definition (HD) image, a first field identification signal for
coping with a case in which an HD image is an interlace image, a second
vertical synchronous signal for a standard image, and a second field
identitication signal for a standard image. The first display processor
pracesses a received HD decoded image to an HD display format according
to the first vertical synchronous signal and the first field identification signal.
The second displayAprocessor down-samples the HD decoded image using
the first and second vertical synchronous signals and the first and second field
identification signals, and provides a standard definition (SD) image signal
having a standard display format that is different from the HD display format.
Accordingly, the receiver can simultaneously reproduce a high definition
signal and a standard definition image signal corresponding to the picture
quality of TVs which have already been commonly used, the two signals
having different display formats andfor different frame rates.
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The following statement is a full description of this invention, including the
best method of performing it known to us:
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RECEIVER FOR SIMULTANEQUSLY DISPLAYING SIGNALS HAVING
DIFFERENT DISPLAY FORMATS AND/OR DIFFERENT FRAME RATES AND
METHOD THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a receiver, and more particularly, to a receiver
for simultaneously displaying a high definition (HD) signal and a standard
image signal which have different display formats and/or different frame rates,
and a method thereof.

Description of the Related Art

MP@ML (main profile at main level) video decoders, which have been
proposed by the moving picture experts group {(MPEG) of the International
Standards Organization for a recent completely-developed two dimensional
moving picture decoding and transmission technique, have a resolution of the
same level as that of standard definition television (SDTV) and have been
widely used with the advent of digital broadcasting and various multimedia
apparétuses. Also, the development of high definition television (HDTV)
having a MP@HL (main profile at high level) resolution has begun, and some
HDTVs having a MP @HL resolution have already seen common use.

In the near future, Europe will alsa start HDTV broadcasting in a digital format.
When a United States-type display format is used, new HDTV receivers will be
required for viewers to watch the HDTV broadcasting in a digital format, so that
existing NTSC- or PAL-format TV may be of no use. To prevent this problem, a
set-top box must be installed in an NTSC- or PAL-format TV to receive HD
signals. That is, at the start of digital HD broadcasting, the coexistence of the
digital HD broadcasting with existing NTSC- or PAL broadcasting cannot be
avoided. Thus, HDTV receivers must be able to receive NTSC/PAL signals as
well as HD signals, and existing NTSC TVs and PAL TVs must be able to
receive the outputs of the HDTV receivers and display them on a screen.
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Accordingly, when nations which use PAL-format broadcasting introduce a
United States-type digital HD broadcasting standard {for éxample, 1920
pixelsx1080 linesx60 Hz interlace image or 1280 pixelsx720 linesx60 Hz
progressive image), a set-top box or an HDTV receiver must have a structure
5 capable of converting a;m HD signal to a PAL signal to process the two types of
broadcasting signals, since the PAL broadcasting signal has a 50 Hz vertical
frequency which is different from that of the United States-type digital HD
broadcasting standard of 60 Hz. That is, the two types of broadéasling signals
have different frame rates. For example, when it is intended for an HDTV to
10 use a video cassette recorder {(VCR) for recording a currently-used PAL
broadcésting signal or to display a received HD signal on a PAL broadcasting
standard receiver while simultaneously displaying the HD signal, or when it is

Lt intended for a PAL receiver, including a set-top box, to dispfay an HD signal,-
the HDTV receiver or the PAL receiver including a set-top box should have a
et 15 structure capable of converting an HD signal to a PAL signal.

) SUMMARY OF THE INVENTION

An abjective of the present invention is to provide a receiver for simultaneously
- displaying a high definition (HD) signal and a standard definition (SD) image
signal which have different display formats and/or different frame rates.

20 Another objective of the present invention is to provide a method of
simultaneously displaying an HD signal and an $D image signal which have
different display formats and/or different frame rates on a TV including a sel-
top box or on a receiver such as a high definition television (HDTV).

Accordingly, to achieve the first objective, the present invention provides a
25  receiver including: a signal generator for generating a first vertical
synchronous signal for a higjh definition (HD) image, a first field identification
signal for coping with a case in which an HD image is an interlace image, a
second vertical synchronous signal for a standard image, and a second field
identification signal for a standard image; a first display processor for
processing a received HD decoded image to an HD display format according
1o the first vertical synchronous signal and the first field identification signal;
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4

and a second display processor for down-sampling the HD decoded image
using the first and second vertical synchronous signals and the first and
second field identification signals, and providing a standard definition (SD)
image signal having a standard display format that is different from the HD
display format,

To achieve the second objective, the present invention provides a method of
simuitaneously displaying signals having different display formats and/or
different frame rates, the method including the steps of: (a) decoding a
received high definition (HD) irﬁage and providing an HD decoded image; {b)
processing the HD decodad image to an HD display format according to a first
vertical synchronous signal and a first field identification signal for coping with
the case in which the HD image is an interlace image; and (c) down-sampling
the HD decoded image using the first vertical synchronous signal for an HD
image, the first field identification signal for an HD image, a second vertical
synchronous signal for a standard image, and a second field identification
signal for a standard image, and providing a standard image signal having a
standard display format that is different from the HD display format.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objectives and advantage of the present invention will become
more apparent by describing in detail a preferred embodiment thereof with
reference to the attached drawings in which:

FIG. 1 is a block diagram of a receiver for simultaneously displaying signals
having different display formats and/or different frame rates, according to the
present invention, which is applied to a high definition receiver or a set-top
box;

FIG. 2 is a timing diagram illustrating the principle of operation of the standard
definition (SD) and high definition (HD) display processors shown in FIG. 1;

FIG. 3 is a detailed block diagram of the horizontal and vertical down sampler
shown in FIG. 1;
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FIG. 4 shows an example of vertical interpolation for a PAL signal when a
1280 pixelsx720 lines progressive high definition image is received; and

FIG. 5 shows an example of vertical interpolation for a PAL signal when a
1920 pixelsx108B0 lines interlaced high definition image is received.

5 DESCRIPTION OF THE PREFERRED EMBODIMENT

A receiver according to the present invention can be a high definition
television (HDTV) receiver capable of reproducing both a high definition (HD)
signal and a standard image signal having a standard definition {SD)
correspondiné to the picture quality of existing TV for example, a PAL signal,

T 10 orcan be a commonly-used PAL TV receiver having a set-top box. The
Seeesd receiver according to the present invention is shown in FIG. 1.

5::::: InFIG. 1, the receiver according to the present invention includes an MPEG
2 decoder 102, a frame memory 104, an HD display processor 108, a vertical

synchronous signal (Vsync) generator 108, an SD display processor 110, and
15 afield buffer 118. Here, the SD display processor 110 includes an SD display
t e cantroller 112, a horizontal and vertical down sampler 114, and a PAL signal
generator 118. The HD display processor 106 and the SD display processor
110 can be referred to as first and second display processors, respectively.

The MPEG decoder 102 is an MP@HL decoder, and decodes a video

20  bitstream of an HD signal which has been compression-coded and received,
and stores the decoded data in the frame memory 104. The HD display
processor 106 reads the decoded data from the frame memory 104 in
accordance with a digital HD broadcasting standard {1920 pixelsx1080
linesx60 Hz interace image, 1280 pixelsx720 linesx60 Hz progressive image,

. es
NTY)

25 or the like) in units of a frame or field, and outputs the decoded HD signalto a
display device such as a cathode ray tube (CRT) or a monitor.

That is, when a current decoded image provided from the MPEG decoder 102
is an interlace image, data is read from the frame memory 104 in units of an




6

HD field. When the current decoded image is a prograssive image, data is
read from the frame memory 104 in units of an HD frame.

The Vsync generator 108 produces a 60 Hz vertical synchronous signal Vsync
(which can be referred to as a first veﬂical synchronous signal 60 Hz Vsync)

5 and a first top/bottom signal Top/Bottom (which can be referred to as a first
field identification signal) informing whether the 60 Hz Vsync is a top or bottom
field for an input HD interlaced image, and provides them to the HD display
processor 106. Also, the Vsync generator 108 produces a 50 Hz vertical
synchronous signal Vsync (Which can be referred to as a second vertical

10 synchronous signal 50 Hz Vsync) and a second top/bottom signal Top/Bottomn
{(which can be referred to as a second field identification signal) informing
whether the 50 Hz Vsync is a top or bottom field for an output PAL interaced
image, and provides them to the PAL signal generator 116. The 80 Hz Vsync,

the first Top/Bottom, the 50 Hz Vsync and the second Top/Bottom are provided

15 to the SD display controiler 112.

The SD display processor 110 outputs a European type PAL broadcasting

standard (720 pixelsx576 linesx50 Hz interlace image) signal. That is, the SD

display controller 112 of the SD display processor 110 controls the horizontal

and vertical down sampler 114 according to the 60 Hz first vertical

20  synchronous signal, the first top/bottom signal, the 50 Hz second vertical

synchronous signal, and the second top/bottom signal which are provided

from the Vsync generator 108, to produce PAL broadcasting standard field
data and store it in the field buffer 118. The memory size of the field buffer 118
is 414,720 bytesffield (=720 bytesxpixels/linex576 Iines/framex1)2

25 framesffieldx2 {luminance signal+color signal)) which is the size of SD field
data.

The horizontal and vertical down sampler 114 horizontally and vertically down
sarﬁples HD data which is read from the frame memory 104, according to
commands (Down sampling ON/OFF, Input_screen, and Qutput_screen)
generated by the SD display controller 112, and generates data having the
size of a PAL broadcasting stahdard field screen. The PAL signal generator
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116 reads SD field data from the field buffer 118 and generates a PAL image
signal.

Alternatively, the SD display processer 110 can generate an NTSC signal
having the same frame rate as an HD signal and a different display format from

s the HD signal, instead of the PAL signal, which has a different diéplay format
and a different frame rate from those of the HD signal. The HD display
processor 106 can have a different digital HD broadcasting standard instead
of the United States-type digital HD broadcasting standard.

The operations of the present invention will now be described with reference
10 to FIGS. 2 through 5, when a received image is a 1280 pixelsx720 linesx60 Hz

I progressive HD signal, and when a received image is a 1920 pixelsx1080
linesx60 Hz interlace HD signal.

1. Acase in which a received image is a 1280 pixelsx720 linesx60 Hz
progressive HD signal

15 The MPEG decoder 102 decodes a progressive image of 1280 pixelsx720
lines, generates frames at a rate of 60 frames per second, and stores the
frames in the frame memory 104. The HD display processor 106 reads frame

Ky image data from the frame memory 104 according to the progressive/interlace
”' signal. Progressive/Interlace provided from the MPEG decoder 102 and the
I 20 first vertical synchronous signal 60 Hz Vsync generated by the Vsync

generator 108, and displays the read frame image data on a screen.

When the HD display processor 106 reads the frame image data from the

frame memory 104, the horizontal and vertical down sampler 114 of the SD .

display processor 110 simultaneously reads data from the frame memory 104
25  and performs the following operation.

First, the SD display controller 112 calculates the interval between the first
vertical synchronous signal 60 Hz Vsync and the second vertical synchronous
signal 50 Hz Vsync as shown in FIG. 2. InFiG. 2, B1, B2, B3, ... are 50 Hz PAL
field vertical synchronous signals, among which B1, B3, B, ... are top fields,
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and B2, B4, B6, ... are bottom fields. Since the received HD screen is the
progressive screen, Al, A2, A3, A4, ... are 60 Hz frame vertical synchronous
signals.

The SD display controller 112 generates a downsampling on/off signal Down
5  sampling ON/OFF, an input screen control signal Input_screen, and an output
screen control signal Oulput_screen as shown in the following Table 1, on the
basis of the interval between the 60 Hz vertical synchronous signal and the 50
Hz vertical synchronous signal calculated as shown in FIG. 2, and provides the
generated signals to the horizontal and verlical down sampler 114. Hers, the
10 downsampling on/off signal Down sampling ON/OFF determines whether the
horizontal and vertical down sampler 114 will operate or not. The input screen
control signal Input_screen and the output screen control signal
Output_screen, which are required for vertical direction interpolaticn -
classification, each indicate whether a received HD screen is frame data, a top
15 field or a bottom field and whether an output PAL (SD) screen field is a top
field or a bottom field.

The horizontal and vertical down sampler 114 receives HD frame data
. according o the downsampling on/off signal Down sampling-ON/OFF, the
" input screen control signal Input_screen, and the output screen control sigrial
20 Output_screen which are generated by the SD display controller 112, and
generates a PAL top field or a PAL bottom field.




TABLE 1

vertical direction interpolation
Interval between Down- ~ classification
60 Hz Vsync and 50 Hz sampling input HD | output PAL (SD)
Time Vsync on/off screen |  screen field
Al 0 ' On Frame Top
A2 A On Frame Bottom
A3 2XA On Frame Top
Ad 3XA On Frame Bottom
A5 4XA On Frame Top
A6 5XA Off Frame Invalid
A A7 0 © On Frame - Bottom
A8 A On Frame Top
g::::; The SD display controller 112 always determines thé interval between the 60
Hz vertical synchronous signal Vsync and the 50 Hz vertical synchronous

signal Vsync in synchrenization with the 60 Hz vertical synchronous signal
5 which is provided from the Vsync generator 108. Here, the time from the
e determination time to when the next 50 Hz vertical synchronous signal is
received is called "delay time" and is calculated to be a multiple of A. Down
sampling by the horizontal and vertical down sampler 114 is not performed
when the delay time is 5xA, but performed for all other delay times.

10 That is, the horizontal down sampler 120 shown in FIG. 3 horizontally down-
samples 1280 pixels to 720 pixels if a down-sampling “on" signal is received,
and stores the resull of the horizontal down sampler 120 in the FIFO memory
122 for stering data of one line and simultaneously provides the result of the
horizontal down sampler 120 to the vertical down sampler 124.

15  The vertical down sampler 124 performs vertical down-sampling as shown in
FIG. 4 using previously down-sampled horizontal line data provided from the
FIFO memory 122 and current down-sampled horizontal line data provided
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from the horizantal down sampler 120 without passing through the FIFQ
memory 122.

FIG. 4 shows the locations of vertical lines to be autput to convert a 1280
pixelsx720 lines progressive HD image to a PAL signal. For example, a line
No. 0 of a received HD screen is output without change as the first output line
for the top field of a PAL signal, and line Nos. 2 and 3 of the received HD
screen are interpolated and output as the second output line, which are
accomplished by vertical down-sampling.

Also, line Nos. 1 and 2 of the received HD scraen are interpolated at a ratio of
3:1 and cutput as the first output line for the bottom field of a PAL signal, and
line Nos. 3 and 4 of the received HD screen are interpolated at a ratio of 1:3
and output as the second output line. In this way, each field includes 288
lines.

Field data of 288 lines, which conforms with the PAL broadcasting standard, is
produced through the cperations of the SD display controller 112 and the
horizontal and vertical down sampler 114. The SD field data is stored in the
field buffer 118. The PAL signal generator 116 sequentially reads data from
the field buffer 118 and displays the read data on a PAL standard monitor or
records the read data in a PAL standard VCR.

Additionalty, when a PAL signal is generated using only the frame memory
104 without using the field buffer 118, the amount of data which is transmitted
from the frame memory 104 per second is 110.592 MByte/sec (= 1280
(byte/line)x720 (line/frame)x60 (frame/sec)x2 (wiiting, reading)). However,
when both the frame memory 104 and the field buffer 118 are used to
generate a PAL signal, the amount of data transmitted is 76.032 MByte/sec (=
120 (byte/liné)x720 {line/frame)x60 (frame/seé)x1 (reading)+720
(pixel/line)x288 (lineffield)x50 (field/sec)x2 (writing, reading)). Accordingly, the
amount of data transmitted from the frame memory 104 can be reduced by
using the field buffer 118.
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2. A case in which a received image is a 1920 pixelsx1080 linesx60 Hz
interlace HD signal. '

In this case, a top field and a bottom field constitutes a frame. The MPEG
decoder 102 shown in FIG. 1 decodes a 1280 pixelsx620 lines image,
generates frames al a rate of 30 frames per second, and stores the frames in
the frame memory 104.

The HD dis‘play processor 106 reads HD field image data twice from the frame
memory 104 according to the progressive/interlace signal
Progressive/Interlace provided from the MPEG decader 102 and the first
vertical synchrenous signal 60 Hz Vsync and the first top/bottom signal (first
Top/Bottom}, which are generated by the Vsync generator 104, form a frame
with the read frame image data, and displays the frame. When the HD display
processor 106 reads the HD field image data from the frame memory 104, the
horizontal and vertical down sampler 114 of the SD display processor 110
simultangously reads data from the frame memory 104 and performs the
tollowing operation.

First, the SD display controller 112 calculates the interval between the first
vertical synchronous signal 60 Hz Vsync and the second vertical synchronous
signal 50 Hz Vsync as shown in FIG. 2, generates a down-sampling on/off
signal Down sampling ON/OFF as shown in the following Table 2, and an
input screen cantrol signal Input_screen and an output screen control signal
Output_screen, which are required for vertical interpolation classification, on
the basis of the calculated interval, and provides the generated signals to the
harizontal and vertical down sampler 114,
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TABLE 2
vertical direction interpolation
Interval between Down- classification
60 Hz Vsync and 50 Hz|  sampling input HD™ T output PAL (SD)
Time | Vsyne ON/OFF screen screen field
AT R On Top Tield Top
A2 A . On Bottom field Bottom
A3 2XA On Top field |, Top
A4 3xA On Bottom field Bottom
A5 4xA On Top field Top
AG 5xa of Botom fleld | Tnvalid
A7 0 On Top field Bottom
A8 A On Bottom field Top

Here, down sampling by the horizomél and vertical down sampler 114 is not
performed when the delay time of the 50 Hz vertical synchronous signal with
r:espect to the 60 Hz synchronous signal is 5xA, but performed for all other
delay times as shown in FIG. 5.

FIG. 5 shows the locations of vertical lines to be output to generate a PAL
signal from a 1920 pixelsx1080 lines interlace HD image. For example, a PAL
output for the top field can take line data positioned at lines Nos. 0, 4, 8, ...
when a received HD screen is a top field. When the received HD screen is a
bottom field, data on line No. 0 is produced, data on line No. 4 is obtained by
interpalating the line data on line Nos. 3 and 5, and line data on line No. 8 is
obtained by interpolating line data on lines 7 and 9. In this way, PAL (SD) field
data of 288 lines are produced.

Also, when a received HD screen is a top field, a PAL output for the hottom
field can take line data positioned at lines Nos. 2, 6, 10, ... When the received
HD screen is a bottom field, line data on line No. 2 is obtained by interpolating
line data on line Nos. 1 and 3, line daté on line No. 6~is obtained by
interpolating the line data on line Nos. 5 and 7, and line data on line No. 10 is
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obtained by interpolating line data on lines 9 and 11. In this way, SD field data
of 288 lines are produced.

When interpolation of two line data is required, line data which has been
stored in the FIFO memory 122, and line data which is later than the above line
data and directly provided from the horizontal down sampler 120 without
passing through the FIFO memory 122, are interpolated in the verlical down
sampler 124 shown in FIG, 3 In this way, the vertical down-sampling is
performed. When interpolation of line data is not required, the vertical down
sampler 124 can down sample data which is provided directly from the
horizontal down sampler 120 without passing through the FIFO memory 122.

Data of 576 active lines, which conforms with the PAL broadcasting standard,
must be produced through the operations of the SD display controller 112 and
the herizontal and vertical down sampler 114, However, when a slightly
insufficient amount of data is produced, the amount of shortage is processed
as a blank. The PAL signal generator 116 sequentially reads data from the
field buffer 118 and displays the read data on a PAL standard monitor or
records the read data in a PAL standard VCR.

Additionally, when a PAL signal is generated using only the frame memory
104 without using the field buffar 118, the amount of data which is transmitted
per second from the frame memory 104 is 124,416 MByte/sec (=1920
{byte/line)x540 (lineffield)x60 (field/sec)x2 (writing, reading)). However, when
both the frame memory 104 and the field buffer 118 are used to generate a
PAL signal, the amount of data transmitted is 66.208 MByte/sec (=12920
{byte/line)x540 (line/field)x60 (field/sec)x1 (reading)+720 (byte/line)x288
{linefield)x50 (field/sec)x2 (writing, reading)}. Accordingly, the amount of data
transmitted from the frame memory 104 can be reduced by using the field
buffer 118.

As described above, the present invention can reproduce a high definition
signal having a different display fermat from a standard image signal,
simultaneously with the standard image signal having a standard resolution
corresponding to the picture quality of TVs which have already been
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commonly used. Also, the present invention can reduce the amount of data
transmitted from a frame memory. Furthemore, the present invention can
support input signals of an cutput apparatus even if the input signals have

different frame rates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A receiver comprising:

a signal generator for generating a firsl vertical synchronous signal for a
high definition (HD) image, a first field identification silgnal for an interlace HD
image, a second verticat synchronous signal for a standard image, and a
second lield identification signal for a standard image;

a first display precessor for processing a received HD decoded image
to an HD display format accordihg to the first vertical synchronous signal and
the first field identification signal; and

a second display processor for down-sampling the HD decoded image
using the first and second vertical synchronous signals and the first and
second field identification signals, and providing a standard definition (SD)
image signal having a stahdard display format that is different from the HD
display format.

2. The recsiver of claim 1, further comprising;

a decoder for deceding a received HD video bitstream and providing an
HD deccded image; '

a frame memory for storing the HD decoded image, from which data is
simultaneously read by the first and second display processors, wherein the
first display processor reads data in units of a frame or a field, and the second
display processor reads data in units of a field; and a field buffer for
temporarily storing the field data of an SD image which has been processed
by the second display procéssor.

3. The receiver of claim 1, wherein the second display processor
comptrises:

an SD display controller for generating a down-sampling on/off signal
by calculating the difference in time between the first and second vertical
synchronous signalrs, and generating a first control signal representing
whether the received Hlj decoded image is a progressive image or an
interlace image, and a second control signal representing SO output image
field information;
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a down sampler for down-sampling the HD decoded image into an SD
display format signal according to the down-sampling on/off signal and the first
and second control signals; and

*.a standard image signal generator for generating the output of the down
sampler as a standard image signal according to the second vertical
synchronous signal and the second field identification signal.

4. The receiver of claim 3, wherein the down sampler performs no down-
sampling when the temporal difference between the first and second vertical
synchronous signals is a predetermihed duration, and performs down-
sampling in all other cases.

5. The receiver of claim 3, wherein the down sampler comprises:

a horizontal down sampler for horizontally down-sampling the received
HD decoded image accerding to the down-sampling on/off signal and
providing a horizontally down-sampled signal;

a line memory for storing the horizontally down-sampled signal in units
of aline; and o

a vertical down sampler for receiving the horizontally down-sampled
signal and the previous horizontally down-sampled signal slored in the line
memory, and vertically down-sampling the received signals according to the
down-sampling on/off signal, the first and second control signals, and the
second verlical synchronous signal.

6. The receiver of claim 5, wherein the vertical down sampler performs
vertical down-sampling by interpolating the horizontally down-sampled signal
which is provided from the horizontal down sampler, and the previous
horizontally down-sampled signal which is provided from the line memory.

7. The receiver of claim 5, wherein the vertical down sampler vertically
down-samples the horizontally down-sampled signal which is provided from
the horizontal down sampler.

8. The receiver of claim 1, wherein the receiver is a high definition
television.
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9, The receiver of claim 1, wherein the receiver is a standard definition
television having a set-top box.

10.  The receiver of claim 1, wherein the standard image signal is a PAL
signal, and the second synchronous signal has a period of 50 Hz.

11, The receiver of claim 1, wherein the standard image signal is an NTSC
signal, and the second synchronous signal has a period of 60 Hz.

12. A method of simultaneously displaying signals having different display
formats and/or different frame rates, the method comprising the steps of:

(a) decoding a received high definition (HD) image and providing an
HD decoded image; _

(b) processing the HD decoded image to an HD display format
according to afirst vertical synchronous signal and a first field identification
signal for an interlace HD image; and

(c) down-sampling the HD decoded image using the first vertical
synchronous signal for an HD image, the first field identification signal for an
HD image, a second vertical synchronous signal for a standard image, and a
second field identification signal for a standard image, and providing a
standard image signal having a standard display format that is different from
the HD display format.

13.  The method of claim 12, wherein the step (c) comprises the substeps of:

(c1) calculating the temporal difference between the first and second
vertical synchronous signals and generating a down-sampling on/off signal;

(c2) generating a first control signal representing whether the HD image
is & progressive or interlace image, and a second control signal representing
the information on the field of a standard definition (SD} output image, on the
basis of the first and second vertical synchronous signals and the first and
second field identification signals;

(¢3) down-sampling the HD decoded image to an SD display format
signal according to the down-sampling on/off signal and the first and second
control signals, and providing a down-sampled signal; and

{c4) outputting the down-sampled signal as a standard image signal
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according to the second vertical synchronous signal and the second field
identification signal.

14.  The method of claim 13, wherein in the step (c3), down-sampling is not
petformed when the temporal difference between the first and second vertical
synchronous signals is a predetermined duration.

15.  The method of claim 13, wherein the step {c3) comprises the substeps
of:

{c3-1) horizontally down-sampling the HD decoded image according to
the downsampling on/off signal and providing a harizontally-downsampled
signal,

{c3-2) delaying the horizontally-downsampled signal by one line and
providing a delayed horizontally-downsampled signal; and

(c3-3) vertically down-sampling the horizontally down-sampled signal
and the delayed horizontally down-sampled signal according to the down
sampling on/off signal, the first and second control signals, and the second

vettical synchronous signal.

16.  The method of claim 15, wherein in the step (¢3-3), the horizontally
down-sampled signal and the delayed horizontally down-sampled signal are
interpolated and vertically down-sampled.

17. The method of claim 15, wherein in the step (c3-3), the horizontally
down-sampled signal is directly vertically down-sampled without processing.

18.  The method of claim 12, wherein the standard image signal is a PAL
signal, and the second synchronous signal has a period of 50 Hz.

19.  The method of claim 12, wherein the standard image signal is an NTSC
signal, and the second synchronous signal has a period of 60 Hz.

Dated this 8th day of July 2002
SAMSUNG ELECTRONICS CO. LTD
By their Patent Attorneys

COLLISON & CO
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FIG. 4

1280x720 PAL FORMAT PAL FORMAT

No. progressive Top Field Bottem Field
0 X X 0
T X X 1.25
2 X
X 25
Pl 3 X '
X 375
4 X
. 5 X X 5
6 X X 6.25
o 7 X
. X 75
8 X '




-----

-----

4i/4

FIG. 5
1920x1080 PAL FORMAT

Interlace Top Field
No. Top Bottom
0 X X C
1 X
2 X
3 X
4 X X 4
5 X
3] X
7 X
8 X X 8
9 X
10 X
" X
12 X X 12
13 X
14 X

PAL FORMAT
Bottom Field
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