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METHOD AND APPARATUS TO IMPROVE DECODING
OF COMPOSITE VIDEO SIGNALS

Background of the Invention

1. Field of the Inventions:

[0001] The invention generally relates to video decoders, and more specifically

to decoding of composite input video signals.
2. Description of Related Art

[0002] There is a large surge in the use of digital video devices today.
Examples include: digital televisions, LCD TVs and monitors, DVD recorders,
personal video recorders, PC video cards, video capture and streaming
applications, and video conferencing. In many cases, these units ne€d to receive
an analog video signal, which may be one of the composite signals, such as
NTSC, PAL or SECAM; s-video; component video or RGB. It is then desirable
to produce the proper digital output, such as eight or ten bit ITU-R BT 656. It is
preferred that all the video decoding be done in a single chip for all of these
formats. The decoder not only has to handle composite signals, which means it
must be able to determine the chroma and luma values, but it also must handle
vertical blanking interval (VBI) data and handle VCRs, which are unstable

devices.

[0003] In many cases, accuracy of the composite decoding is reduced due to
clocking errors and noise injection in conventional decoding designs. It is

desirable to improve the decoding accuracy.

Summary of the Invention

[0004]  In a system according to the present invention, composite video
decoding is improved by using a stable clock source, such as a crystal, to clock the
decoding process. By use of this stable clock, clocking errors and noise injection

are reduced.

[0005] Insystems according to the invention, both the analog-to-digital

converter and the composite decoder are driven by the stable sample clock. The



WO 2006/044180 PCT/US2005/035579

outputs of the composite decoder are provided to a source rate converter, which
has an output that is provided to a digital output formatter. The digital output
formatter is driven by the output clock, which may be locked to the source clock if
desired. The output clock is developed by a clock generator which may be one of
several different types, including a fractional N synthesizer, a direct digital

synthesizer or a puncture clock. This allows simplified design of the decoder.

Brief Description of the Figures

[0006]  Figure 1 displays a block diagram of an exemplary personal video

recorder using an analog video decoder according to the present invention.

[0007]  Figure 2 is a block diagram of an analog video decoder aécording to the

present invention.

[0008]  Figure 3 is a block diagram of a portion of one embodiment of a video

decoder according to the prior art.

[0009]  Figure 4 is a block diagram of a portion of a second embodiment of a

video decoder according to the prior art.

[0010]  Figure 5 is a block diagram of portions of a video decoder according to

the present invention

Detailed Description of the Preferred Embodiment

[0011]  Referring now to Figure 1, an exemplary ;.Jersonal video recorder (PVR)
100 is shown. This is an exemplary use of analog video decoder 102, and it is
understood that the analog video decoder can be used in multiple applications
including digital televisions, LCD TVs, DVD recorders, video capture situations,
and the like. A radio frequency or broadcast signal is provided to a tuner 104.
The tuner 104 provides both video and audio outputs. The video output from the
tuner 104 or a video signal from an external connection is provided to analog
video decoder 102. The audio signal from the tuner 104 or an external audio
signal is provided to an audio decoder 106. The output in the analog video
decoder 102 is preferably an ITU-R (International Telecommunication Union —

Radio — Communication) BT (Broadcasting Service — television) 656 format
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digital signal, which is either an eight or ten bits signal. This is provided to an
MPEG (Moving Pictures Expert Group) codec 108 to perform video compression
in the digital domain. Similarly, the audio decoder provides a PCM signal to the
MPEG codec 108 to allow it to perforrri compression of the audio signal. The
MPEG codec 108 in output mode provides an ITU-R BT 656 digital stream to an
analog video encoder 110, which in turns produces an analog video signal output.
Similarly, the MPEG codec 108 provides a PCM digital signal stream to an audio

encoder 112, which provides an analog audio signal output.

[0012] The MPEG codec 108 is connected to a host bus 114 of a host CPU
116. The host CPU 116 performs processing operations and controls the various
devices located in the PVR 100. The host CPU 116 is connected to flash memory
118 to hold its program and RAM 120 for data storage. The host CPU 116 also
interfaces with a front panel 122. Since this is a video recorder, a hard drive
interface 124 is also connected to the host bus 114, with a hard drive 126
connected to the hard drive interface. The various encoders 102 and 106 and
decoders 110 and 112 are also connected to the host bus 114 to allow control and

setup by the host CPU 116.

[0013]  In operation, audio and video would be provided to the analog video
decoder 102 and the audio decoder 106, which would then provide their digital
streams to the MPEG codec 108. The host CPU 116 \»}ould program the MPEG
codec 108 to transfer data to the hard drive interface, and thus to the hard drive
126, for storage. The host CPU 116 could at a later time direct data to be
transferred from the hard drive 126 to the MPEG codec 108 for playback.

[0014]  Thus it can be seen that an analog video decoder 102 is an important

part of such analog-to-digital video devices.

[0015] A block diagram of an exemplary analog video decoder is shown in
Figure 2. The video signal is provided to an external capacitor 202, and is then
provided to a clamp, buffer, automatic gain control (AGC) and sample and hold
(S/H) block 204. This block 204 provides clamping of the video signal to ensure
it does not exceed limits, impedance buffering and line driving, and automatic

gain control and sample and hold. The output of block 204 is then utilized by an



WO 2006/044180 PCT/US2005/035579

analog-to-digital converter (ADC) 206 which does the actual analog-to-digital
conversion of the video rate signals. The ADC 206 is preferably operated on a
sample clock, which is a free running sample clock and is not locked to the source
video in the preferred embodiment. It is understood that in alternate embodiments
a source locked clock signal could be used. The output of the ADC 206 is
provided to an anti-aliasing/decimation filter 208 bécause preferably the ADC
oversamp]es the video signal for increased accuracy. The anti-aliasing portion is a
low pass filter used to remove sampling alias effects. The decimation filter then
reduces the effective sample rate down to the desired rate, such as 27MHz. The
output of the anti-aliasing/decimation filter 208 is provided to a composite
decoder 210 in the case of a composite video signal such as NTSC, PAL or
SECAM. The composite decoder 210 separates the luma and chroma signals and
provides those to a digital output formatter 212, which produces a 4:2:2, eight or
ten bit signal according to the ITU-R BT 656 standard.

[0016] The output of the analog-to-digital converter 206 is also provided to a
low pass filter 214 which removes any of the video content, leaving the sync
signals. The output of the filter 214 is then provided to a sync detector 216,
having outputs that are horizontal and vertical sync signals. The output of low
pass filter 214 is also connected to a clock generator 218, which is effectively a
PLL and produces a source locked clock used by other devices, if appropriate.
The sync detector 216 is also connected to the clock generator 218 to provide

further reference signals to the clock generator 218.

[0017]  This has been a very simple block diagram and various details of select

parts will be provided.

[0018] To fully appreciate the invention, it is considered helpful to review two
prior art designs. Referring first to Figure 3, a low pass filter 314 receives the
composite video signal and provides its output to a sync detection circuit 316 and
a clock generator 318. For clarity the equivalents to filter 208 have been omitted
in this and the following Figures. The clock generator 318 also receives an output
from the sync detection circuit 316 and produces a source locked clock output.

This source locked clock is used to drive an ADC 306. The output of the ADC
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306 is connected to a composite decoder 310 and that output is connected to a
digital output formatter 312. Both the composite decoder 310 and the digital
output formatter 312 are clocked by a source locked clock from the clock

generator-318 which is acting as the output clock.

[0019] Because of inaccuracies in the clock generator 318, the source locked
clock may have errors as opposed to the actual source clock. These clock errors
then produce errors in the ADC 306 and the composite decoder 310. These errors
are usually systematic, or with some systematic behavior which creates visible or

detectable tones or loss of signal to noise ratio.

[0020]  Figure 4 illustrates a slightly improved prior art design. In this case the
ADC 406 is driven by a stable sample clock, preferably based on a crystal clock.
The output of the ADC 406 is provided to a source rate converter 408 to change
from the sample clock to the source locked output clock used by the composite
decoder 410 and the output formatter 412. Though not shown, it is understood
that the source rate converter 408 receives both the sample clock and the source
locked output clock. Now the source locked clock-based errors are removed from

the ADC 406, but they still remain in the composite decoder 410.

[0021] Figure 5 shows a block diagram of portions of a video decoder
according to the present invention. In the design of Figure 5, a composite decoder
510 has been connected to the ADC 506 and both are run from the crystal-locked
sample clock. A source rate converter 508 is connected to the composite decoder
510 to provide the proper frequency output to the digital output formatter 512,
which is still based on a source locked clock. Again it is understood that the
source rate converter 508 receives both the sample clock and the source locked
output clock. In certain embodiments the source rate converter 508 can include a
FIFO (First In First Out) register as described in U. S. Application Serial No.

, entitled “Inverse Tracking Over Two Different Clock Domains,”
by Dan Gudmundson and John Melanson and filed concurrently herewith, which

is hereby incorporated by reference.
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[0022] In the prior art embodiments, the clock generator 318 or 418, in
addition to attempting to provide an error-free clock, had to produce a very
uniform clock in that edges had to be provided continuously and uniformly. This
requirement further limited the design of the clock generator 318, 418. In a video
decoder according to the present invention, a number of different designs can be
used for the clock generator 518 because the continuous and uniform restriction
has been removed. In the preferred embodiments, both the source rate converter
508 and output formatter 512 can operate from non-uniform clocks, provided that
over a given time period the proper number of edges are received. This aspect
allows the clock generator 518 to be a fractional N-type frequency synthesizer, a
DDS (direct digital synthesizer) or a punctured clock. A punctured clock is one in
which the clock will stall in order to create the required number of edges in a
desired time period. More details on the clock generator 518 are available in the -
.“Inverse Tracking Over Two Different Clock Domain” application referenced
above. This flexibility in clock sources simplifies the design of a video decoder
and thus is desirable. In addition, in the preferred embodiments, the clock
generator 518 is a numeric clock generator, allowing the accuracy to be selected to
meet the design goals. Further, the clock generator 518 is based on the sample

clock so that tracking and drift are limited to that of the stable clock source.

[0023] By moving the composite decoder 510 ahead of the source rate
converter 508 and also running it from the stable sample clock, clock-based errors
are dramatically reduced. This provides an improved composite decode so that
the luma and chroma values are much more accurate and stable. Further, by
moving the decoding elements, namely the ADC and the composite decoder, to a
stable sample clock, with the use of a source rate converter connected to the
output formatter, greater flexibility is provided in the design of the clock generator
driving the output sections of the circuitry. This flexibility eases overall circuit

design.

[0024] While illustrative embodiments of the invention have been illustrated
and described, it will be appreciated that various changes can be made therein

without departing from the spirit and scope of the invention.
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CLAIMS

1. An analog video decoder comprising:

a video signal input for receiving a composite video signal;

a stable clock signal source providing a stable clock signal;

an analog-to-digital converter coupled to said video signal input,
coupled to said stable clock signal source to receive said stable clock signal and
providing an analog-to-digital converter output;

a composite decoder having an input coupled to said analog-to-
digital converter output, coupled to said stable clock signal source to receive said
stable clock signal and providing a composite decoder output;

a clock generator having an input coupled to said analog-to-digital
converter output and providing an output source locked clock signal;

a source rate converter coupled to said composite decoder output
and providing a source rate converter output; and

an output formatter coupled to said source rate converter output,
coupled to said clock generator output source locked clock signal and providing a

digital video signal output.

2. The decoder of claim 1, wherein said clock generator includes a fractional

N frequency synthesizer to produce said source locked output clock.

3. The decoder of claim 1, wherein said clock generator includes a direct

digital synthesizer to produce said source locked output clock.

4. The decoder of claim 1, wherein said clock generator includes a puncture

clock to produce said source locked output clock.

5. The decoder of claim 1, wherein said clock generator can include any of a
fractional N frequency synthesizer, a direct digital synthesizer or a puncture clock

to produce said source locked output clock.

6. The decoder of claim 1, further comprising:
a gain control circuit coupled between said video signal input and

said analog-to-digital converter.
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7. A method for decoding an analog composite video signal comprising:

receiving a composite video signal;

providing a stable clock signal;

performing an analog-to-digital conversion on said received
composite video signal using said stable clock signal;

composite decoding the output of said analog-to-digital conversion
using said stable clock signal;

generating a source locked clock signal from said analog-to-digital
conversion output;

performing a source rate conversion of said composite decoding
output; and

output formatting said source rate conversion output using said

source locked clock signal and providing a digital video signal output.

8. The method of claim 7, wherein generating said source locked output
clock includes using a fractional N frequency synthesizer to produce said source

locked output clock.

9. The method of claim 7, wherein generating said source locked output
clock includes using a direct digital synthesizer to produce said source locked

output clock.

10. The method of claim 7, wherein generating said source locked output

clock includes using a puncture clock to produce said source locked output clock.

11.  The method of claim 7, wherein generating said source locked output
clock can include using any of a fractional N frequency synthesizer, a direct

digital synthesizer or a puncture clock to produce said source locked output clock.

12.  The method of claim 7, further comprising:

providing gain control prior to said analog-to-digital conversion.



PCT/US2005/035579

WO 2006/044180

1/5

L m_ - 0zl
AVY K aAluQ pieH /J
o \w: 0 9cl
Aowapy aoeuay|
[sued juol < NdD 1S0H [« ysel aAuQ pJeH
K o T vz
el
Y y 2
sng Jso
815H v:\
49’ 90l
]
|/
opny <« | f°Pou3 b 19p02eq | olpny
olpny WOd WOd olpny
28p0H
O3dN
Japooug [€ —>  Japoda(
OOpIA «— 08pIA < < 08PIA O3PIA
Bojeuy 969149 969149 Bojeuy
\ d-N1l d-NLi
oLl //mov NS\
~1 deunL  le— Jd
Vi ¥0L
00l



PCT/US2005/035579

WO 2006/044180

2/5

\w_.m

%0010 \ <o
oSO lojersuey |
821nog #0010
\Sm
%0010
SA — 8)j14 d
SH uonoale(q dUAS ssegmoq [ a|dweg
// 9Lz
1404 //
9soL8 sopeuwsoy | | uepoosq Lopouiesq oay HIS *09V
y-NLi IndinQ [enblg 8)isodwo) [BUISEIy-DUY ‘Jayng ‘dwejd

/NFN

/orm

/ 80¢

20z
J_\T 03pIA

/@ow



PCT/US2005/035579

WO 2006/044180

3/5

969149
d-N1l

\o_‘m

(MY Joud)
SA
) uonoa}e(] SUA
€ "bi4 o ie1eq aufs
\vrm
lojesauag) 19314
%9010 ssed Mo
%0010
indno fwrm
pax007]
82Inog
Jeyewlo Japooa(g : ,
ndino jewbig | | emsodwody || oav 08pIA

/Nvm

/ovm

90¢




PCT/US2005/035579

WO 2006/044180

4/5

\o_‘v

(v Joud)
y b1

SA
uonov}aq JUAS —
SH
\vrv
34000 00
Indino lojeisuss) I8 mv__aLMw
paYo0T] %9010 ssed Mo
801n0g
Kmvv
95919 Japewio JepooaQ 19UBAUOD
y-nLl indino [eybig | | ewsodwo) sjey 82In0g oav

FN;

/o;

/ 80V

K 90y

O3pIA



PCT/US2005/035579

WO 2006/044180

5/5

\w_‘m

SA | uo|j08)a(g JUAS +—
SH .
\vrm
49010
20
Jndino lojeieuss) )14 ov__QE_mom
pa)o01 300[D ssedq MO
82Inog
//wwm
96919 Jejewso4 | | seupeAu0) | | Jspoos(
d-Nil indino (enbig ajey 821N0g aysodwon oav ——— O3pIA

/N_‘m

//wom

/orm

K 90§



INTERNATIONAL SEARCH REPORT

Intarnational application No

/US2005/035579

A. CLASSIFICATION OF SUBJECT MATTER

HO4N9/66 HO4N9/45

According to Inlernational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y WO 01/28255 A (THOMSON LICENSING S.A;
CARLSGAARD, ERIC, STEPHEN; RUMREICH, MARK,
FRAN) 19 April 2001 (2001-04-19)

page 2, line 3 - page 3, line 17

page 7, line 3 - page 8, line 32

page 10, Yine 5 - Tine 20

Y US 6 573 940 B1 (YANG FENG)

3 June 2003 (2003-06-03)

column 11, Tine 35 - column 12, line 52
column 22, line 32 - line 67

A WO 98/46027 A (KONINKLIJKE PHILIPS
ELECTRONICS N.V; PHILIPS NORDEN AB)

15 October 1998 (1998-10-15)

page 3, line 16 - line 28

-/

1-12

1-12

1,7

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered 1o
'L" document which may throw doubis on priority claim(s) or involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered 1o involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, L : J
Fax: (+31-70) 340-3016 m,

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P* document published prior to the international filing date but inthe art.
later than the priority date claimed *&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
7 February 2006 24/02/2006
Name and mailing address of the ISA/ Authorized officer

Form PCT/ISA/210 (second sheet) (Aprit 2005)




INTERNATIONAL SEARCH REPORT

Intarnational application No

/US2005/035579

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0 690 631 A (HARRIS CORPORATION)

3 January 1996 (1996-01-03)

page 3, line 31 - Tine 43

MURAYAMA, A.  KAMOSHIDA, I. NAKAMURA,
K. TAKAKI, K. AKETAGAWA, T.

SAKAGUCHI, T. KAWAHARA, S.:

"Single-chip BiCMOS multistandard video
processor" '

TEEE TRANSACTIONS ON CONSUMER ELECTRONICS,
vol. 42, no. 3, August 1996 (1996-08),
pages 739-749, XP002366244

Roseamont, IL, USA

Ch. 1; Ch. 2; Ch. 4.1

APPEL G.: "Fractional N synthesizers."

RF DESIGN, ‘Online!

1 November 2000 (2000-11-01), pages 34-50,
XP002366250

Retrieved from the Internet:
URL:http://images.rfdesign.com/files/4/110
O0Appel34 .pdf>

the whole document

1,7

1,7

1,7

Form PCT/ISA/210 (continuation of second sheet) (Aprit 2005)




INTERNATIONAL SEARCH REPORT

. Infermation on patent family members

International application No

/US2005/035579
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 0128255 A 19-04-2001 AU 1195801 A 23-04-2001
BR 0014726 A 18-06-2002
CN 1379958 A 13-11-2002
DE 60012957 D1 16-09-2004
DE 60012957 T2 25-08-2005
EP 1221262 Al 10-07-2002
ES 2225248 T3 16-03-2005
JP 2003511935 T 25-03-2003
MX  PA02003708 A 30-09-2002
US 6573940 Bl 03-06-2003  NONE
WO 9846027 A 15-10-1998  NONE
EP 0690631 A 03-01-1996 CA 2152659 Al 02-01-1996
DE 4423214 C1 24-08-1995
JP 8051646 A 20-02-1996
us 5621478 A 15-04-1997

Form PCT/ISA/210 (patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

