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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION

IP INNOVATION L.L.C. AND
TECHNOLOGY LICENSING

)
) R T i ! K
CORPORATION, ) SN HOLDERMAM
) Civil Action
Plaintiffs, ) C 6 5 6 6
)
V. ) MAGISTRATE TNGE 1 0miS
| s 5 3
LG ELECTRONICS, INC. and ) JURY TRIAL Iﬁﬁl DED &+ & E5
TOSHIBA CORPORATION ) ﬁ?ﬂm S o WE
) RN %
Defendants. ) o 2
P o=

COMPLAINT
Plaintiffs, IP Innovation, L.L.C. ("IP Innovation"), and Technology Licensing
Corporation ("TLC") complain of defendants, LG Electronics, Inc. (“LG") and Toshiba
Corporation (“Toshiba”) as follows:

JURISDICTION AND VENUE

1. This is a claim for patent infringement arising under the patent laws of the

United States, 35 U.5.C. § 271. This Court has exclusive jurisdiction over the subject

matter of this action under 28 U.S.C. § 1338(a).
2. IP Innovation, L.L.C. ("IP Innovation") is a limited liability company, with a
principal place of business at 500 Skokie Boulevard, Suite 585, Northbrook, lllinois 60062,

3. TLC is a corporation organized and existing under the laws of the State of

California and has a principal place of business at 110 Knowles Drive, Los Gatos,

California 95032.
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4, IP Innovation and TLC together own and have standing to sue for
infringement for United States Patent No. 4,305,091 B2, entitled "Electronic Noise
Reducing Apparatus and Method,” which issued December 8, 1981, and was issued a
reexamination certificate on February 10, 1998, (the “091 patent”)(Exhibit A), for United
States Patent No. 4,573,070, entitled “Noise Reduction System For Video Signals,” which
issued February 25, 1986 (the “070 patent”){(Exhibit B), for United States Patent No.
4,723,166, entitled “Noise Adjusted Recursive Filter,” which issued February 2, 1988 (the
“166 patent”)(Exhibit C), and for United States Patent No. 4,803,547, entitled "Adaptive
Comb Filter System For Processing Video Signals,” which issued February 7, 1989 (the
“547 patent”)(Exhibit D).

B. LG Electronics, Inc. is a corporation organized and existing under the laws
of Korea, and having its primary place of business at LG Twin Towers 20,Yoido-dong,
Youngdungpo-gu Seoul, Korea 150-721. LG Electronics sells infringing televisions through
its wholly owned subsidiary, Zenith Electronics Corporation, which is headguartered at
2000 Millbrook Drive, Lincolnshire, Il. 60069.

6. Toshiba Corporation is a corporation organized and existing under the laws
of Japan and having its primary place of business at 1-1, Shibaura 1-chome, Minato-ku,
Tokyo 105-8001, Japan.

7. LG and Toshiba transact business in this judicial district by importing, selling,
offering to sell or using video broadcast systems or components thereof having adaptive
comb filters for decoding, frame synchronization and noise reduction purposes, that are
the subject of at least claims 28 of the '091 patent, at least claims 1, 24, and 42 of the '070

patent, at least claim 1 of the ‘166 patent, and at least claim 1 of the '547 patent or by
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practicing methods or selling products produced by practicing methods covered by one or
more claims of the patents at issue or by inducing others to infringe the patent through the
use of such broadcast systems, or by otherwise conducting other business in this judicial
district.

8. Venue is proper under 28 U.S.C. § 1391 (d) and § 1400(b).

PATENT INFRINGEMENT

9. As set forth above, P Innovation and TLC together own and have standing
to sue for infringement of United States Patent Nos, 4,305,091 B2, 4,573,070, 4,723,166
and 4,803,547. LG and Toshiba have infringed at least claims 28 of the ‘091 patent, at
least claims 1, 24, and 42 of the '070 patent, at least claim 1 of the “166 patent, and at
least claim 1 of the '647 patent by making, using, importing, selling and offering to sell, and
by inducing, aiding and abetting, encouraging and contributing to others’ use within the
United States of various video broadcast systems or components thereof having adaptive
comb filters for decoding, frame synchronization and noise reduction purposes, including
but not limited to video broadcast systems or components thereof having adaptive comb
filters for decoding, frame synchronization and noise reduction purposes, suchasLG'sMT-
50PZ41V, MZ-42PZ14K, MT-50PZ41, MZ-42PZ42S, MZ42PZ42, MZ50PZ43V,
MZ42PZ43, MU-60PZ12MA, MU-B0PZ12VA, MU-60PZ12A, DEOWLCD, D52WLCD,
R56W36, R4OW36, L30W36, C34W37 and C32F33 televisions and Toshiba’s 65HX83,
57HX82, 57HX83, 57H93, 65H83, 57H83, 51H83, 50H82, 50H12, 42H83, 51HX83,

50HDX82, 46HX83, 34HFX83, 36HFX73, 32HFX73, 36AF53, 32AF53, 27AF53, 32A62,

34HF83, 30HF83, 34HD82, 36HF73, 32HF73, 36AF62, 36AF43, 32AF62, 32AFA43,
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27AF43, 24AF43, 20AF43, 14AFA43, 36A43, 36A13,32A43, 32A33, 27A62,27AA3, 2TA33,
and 20A43 televisions.

10.  Other products sold or used by the defendants, and not yet identified, are
also believed to be covered by the asserted claims of the ‘091, '070, ‘166 and '547 patents.

11.  Such infringement has injured IP Innovation and TLC and they are entitled
to recover damages, underthe law, adequate to compensate themfor the infringementthat
has occurred, but in no event less than a reasonable royalty.

12.  Upon information and belief, the defendants’ infringement has been willful
and wanton with full knowledge of the ‘091, '070, 166 and ‘547 patents and without a
reasonable investigation or [egal advice.

WHEREFORE, plaintiffs, IP Innovation and TLC, respectfully request judgment
against the Defendants and their subsidiaries and affiliates as follows:

A. An award of damages adequate to compensate |P Innovation and TLC for
the infringement that has occurred, together with prejudgment interest from the date
infringement of the ‘091, ‘070, ‘166 and ‘547 patents began,

B. Any other damages permitted by law, including any for wiliful infringement,
under 35 U.5.C. § 284;

C. A finding that this case is exceptional and an award to IP Innovation and TLC
of its attorneys' fees as provided by 35 U.5.C. § 285;

D. An injunction permanently prohibiting the defendants, their customers and

all persons in active concert or participation with it, from further acts of infringement of

the'166 and/or '547 patents; and
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E. Such other and further relief as this Court or a jury may deem proper and just.

JURY DEMAND

Plaintiffs demand a trial by jury.

Arthur A. Gasey
Paul C. Gibbons 4
NIRO, SCAVONE, HALLER & NIRO
181 West Madison, Suite 4600
Chicago, lllincis 60602

(312) 236-0733

Attorneys for IP Innovation L.L.C.
and Technology Licensing Corp.
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4,305,001

1

ELECTRONIC NOISE REDUCING AFPARATUS
AND METHOD

This application is a coutinuation in part of my 11,5,
Pat. Application Scr. No, 763,904 filed Jan. 31, 1977
entitled “"Blectrovlc Noise Reducing Appuatns And
. Method™, now abandotied,

Elactlonk: Nobs i3 a physical property which is =t

ﬁ:mmmtmublummmdmmmuy In prac-.

fical applications, unwanted noisw: Iy mdded or increased
in » wanted clectronic signal every time what signs)
passes through amy rosistance. Since all slectronic de-
vices comtabn some resistance, they arc noisc prodocers,
and when amplification b added to these devices, the
noisw: 5 amplificd along with the wantcd signals. While
it Is possible to desipn electronic circuitry to mintmize

the effects of noise on the wanted electronic dgnal, it iy

Impossible to completely ciminate these effects. As the
wanted signal passes through more and more stages of
circuitry, the unwanicd noise will always increase, iLa.
thie sigasl to noise ratio (S/N) will docacase wntil at
some poiat, no matter how well designed the circuiiry,
the rignal will become unaccepuble hecanse of the
- noise. In order to improve o this sitoation, it is obvious
that the polsc on the dlectronic fignal most be removed
'l ggma stape in order 1o prevent the eventual destrioc-
tion of the sigoal. In order to demonstrate the problem
und its solution, I bave sclccted television video signals.

Other objects and a fuller wnderstanding of this in-
vention may be had by referriag to the following de-
seription and claims, taken In conjunction with the ac-
companyirig drawmpgs, in which:

5

0

il

30

FIG. 1 is a tygical steady staic D.C. clectronic signal '

gr&ph with detail 31;

FIi. 2 a typic.tl Kesdy state D.C. signal 32 with
detail 33 ax in FI(7. 1, after noiwe has becn Impressed on
said signal and detail; :

FIG. 3 it a typir.nl electronic linexr ramp signal E T
with detail 35;

FIG.‘hatypimldmimlﬁslimrrmpsignﬂaﬁ

k-

40

with detadl 37 a5 1n FIG. 3 aflcr notse has been im- .

pressed oo said signal and detail;

FIG.ihlty‘pmlmmidalelmnmngml“mm
detail 3%

-F1G. iultrpmllinmmdnlelmnmtf.gnﬂﬂwﬂh
dﬂailﬂlsmﬂﬁ.S:ﬂermuehnbeﬁnimprqmdm
said signal and detail;

F1G. 1ullypi¢llD.Cth¢tmnicﬂgnnlmtkmnf
even power distribution throughout frequency domain -
(white moise). Refer so Motchenbacher ‘and Fiichen
“Low Noise Electronic Design® @1973 John Wiley &
Sons, Inc, Mew York, N.Y. for further explanation.

FIG. 8 ia a typical D.C. clectronk: signal with rioise .
having an inverse disteibution. whh ropoct to

45

” "

.2

FIG. 10 b 2 graph of a typical tignal containing
lincar vamp 43 and a tnosoid wave 44, including typical -
sample points in sequence 45-50 wsed by an A-D con-
verter and € bit binacy Jata words 51-56 which are the
output of the A-D whick correspond to the voltage of
the analog signal at the sample poiaty 43-50 in sequence.

FIG. 11 i3 a block disgram of a typical § bivary bit
anatog to digital to analog coaversion set. The ot is
composed of an input 57 for the analog signal which is
1o be converted, the analog to digital converter 58, the
output of the A-D comprised of 8 binxry data lines
5966 mcloive, the clock output &7, the digital 1o ana-
log (D-A) converter 64, which converts the series of
digital data words on lines 59-66, utilizing the clock om
lipo 67, to an analog circuit §9. Tho analog output &9
m'llmrrnpuund to the analog jupat 57 if the digital
dxzia on lines 59-64 is not changed or modified;

FIG. 12 is a block diagram of a typical digits] moizs
reducer uoit which utilizes sn A-D, D-A conversion act
for case of operation. The reduccor is composed of sna-
log input W which corresponds to 5T. FIG. 11; data
Imcs and clock line 71 which correspond to 5987 of
FIG. 11, the actus] polse reduction cireuitcy 73, data
and clock outpuis 74 from the noise reduction cireuitry,
smilar by 5967 of FIG. 11, D-A wnit 75, which corre-
sponds o 68 of FIG. 11, and snalog output 76 which
corresponds to §9 of FIG. 1L

FIG. 13 is & block disgram of nolse reduction wuit
with the circuit input 77, the data delay block 78, the
comparison block 79, the proccasing block 80 and the
cirquit outpyd 81, Diavhed ine RY indicates the recursive
nput connectiom and NRI the omceciinsiye connection
for the defay block 78, For a nonrecnrtive sysiem NRI
is counected and R Is removerl For a recursive system
MRI iy disconnected and RY i connected.

FIG. 14 ix x graph of a eypical sinusoldal color sub-
carrier s0ch &4 that In the National Television Standards
Committee (NTSC) Color Television Systen, with
A.D samaple points 50-58 labeled 82-90 respectively;

FIG. 15 i3 & block disgram of prototype nolse reduc-

~tiem amit having components grouped into 3 blocks,

comparison black 91, including componeats 96, 97, 98,

99, 100, delay block 92 including componcits 104, 102,

103, 1M, processing block 93 including componcats
- 105, 106, nad-oviput segister 95 and-input register 94 -
showa foc clarity, Parts listod aee:’ -

‘Numper 96 identifies » bizacy wumber slso knowe #ie.

th:dehﬂthteshold,whmhmaybeutbylwlﬂnl’
swilches '

_ Nmbwﬂﬂﬂmiﬁwmnﬂmnnlichﬁnm“mﬂu

55

frequency (1/T poiss). Hafer o Motéhenbacher and

Fitchén “Low Nolac Elettronic Des:gn l'u: i\lﬂhcr
explanation.

HG+9ungnphofltypiﬁlﬂdnbﬂpalﬂw:th
detal] I!Withuidngmlmddnmlhaﬂnguohnim—
pressed oo them;

FIG.!AhlmphohwmlwdmugmlthlG.
9 'with noueremuvadfrmmigualumnwhbhdomt
contain detail;

FIQ. 9B i an indication of time duﬂunns durmg
which processing is turned on, snd Limited, in nolsé
removal circuitry. Note that FIGS. 9, 9A and 95 share
& common Gme axis; .

5#.

- o tht i FIG: :Bmtmdﬂl:rmhci!'minpm

- sumber 15 larger than another, . "

Nlmbt!ﬂldﬂlhﬁﬂllhngdﬂrmtfmihnww
of %7, hmgamngemsmmm
1o that described 4o FIG. 21,

Numbcrﬂidcnﬁﬁnnlmnmgiamrfuuhenutpmot

. -100 similar 4o that in FIQ, 32, -
waulﬂ!dmﬁﬁumadﬂm:ﬁclogicmit.mh
nbtn:tunenmberfmmmoﬂ:munﬂhrtothn

- described m FIG. 23. -~

> Numbery 101-104 idenhfy shift mﬂstm timilar L
that deseribed in FIG. 22,

Numbcr 105 identifics an arithmetic: fogic unit set to
lddurmbtm:ltwnnnmbmdcpmdingon;mm
-mand’ from one of its mputs simidlar to that de- -

- sctibed in FIG 3. : . '
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3

Number 106 idcutifies an eight pale donble throw

clectronic switch also known a3 4 line aslector
shnilar to that described in FIG, 10.

FI3, 16 is the same block diagram as FIG. 15 show-
inx the lacation of data words and intermal calculations,
at points HY7-117, in & specific example;

FI3, 17 ix a schematic symbol for a digital inverter
‘118 pnd_an explanation of ity Mnction, For further de-
tadly consult manufacturery information for u type T404
Integrated Clrcuit (LC);

FIG. 18 i 2 schematic symbot 119 for » digital Nand
" gwte and an explasation of ity Ruoction. For further
detsils congult smanufacturers information for a type
TR0 LC;

FIG. 19 is a schematic symbol 120 for a digital exclu-
$ive of gate with a bricf explanation of its fonction. For
forther detail consult menufacturers information for
type 86 LC;

- FIG. 20 is a schematic symbol 121 for u digital line
selector with » bried explanstion of itx function, For
farther details consult punufactorers information for 2
type 74147 LC,

FIG. zllsumhmhosymbolﬂﬂondmmntype

flop with a brief cxplanation of its use. For forther
djul.l congult manufactorers information for s type

7474 1LC;

FIG, uuamhemﬂadugmnm&:udigluhmﬂ
register (SR) with a briefl explanation of its function
For further details refer to manufacturers specifications
for o type T4198 1.C,;

F1G.23 islmbmntw disgram 124 for a digital arith-
-angtic logic unit (ALY) with a brief caplanation of jts
fonction. For furthey dewdl refer to manufictorers

- specifications for a type 74181 LC;

FIG. 24 is a schematic diagram for prototype noise
reduction circuit composed 6f comparison block 135
including ALU-1 130, 131, 132, 133, repister C 136,
ALULZ, 134, 135, number act switche 137, 3 clock
delay 138, 139, 1449 block 126 composcd of
ALU-1 141, 142, 143, 144, 148, 244, and SPST switch
147, 148, delay block 177, composed of shift registers
149, 150, 151, 152, input register 128 and cutput register
129, and clock mverter 153. Components are:

Numbers 128, 134, 129,149, 150, 151, 152 idenﬂfy a

- 74198 shift register. Seo FIG, 22.
MNumbers 130, 131, 134, 135, 141, 142 ldmt.lfy 174181
ALU See FIG. 3.

Nuniberz 153, 146 kieatily an loverter. See FIG. 17.

 Numbers 131, 133, 143, 144 Wentify an Baclusive Or,

" See FIG. 19,

: Nmbm 147, 148 identify an SPST switch. See FIG.

‘Numbc:r 145 kdcntifics 8 NAND gate. Se¢ FIG. 18,
Nl;mbenmm 140 identify u flip flap. Sec FIG,
-

F1Q. 25 i3 a representaiion of Gve tcan lines takem at

any poiot in & television faster and as viewed on & televi-
* siop CRT; and

FIG. 26 is a representation of the video wavelorms

which correspond to the seag lines of FUG. 25.

MOISE ESSAY

' A;tudynfmisswhmhupwvﬂmtinnvidwﬂgnal
is necessary before one may attempt 10 reduce this
-poise, A great many m,gmmn have dovoted rauch time
to the doign of low noiss circuitry in tclevision canm
efas, video tape recorders, and video processing equip-
ment; however, relatively few cpginecrs have devoted
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their work to removing zoise which bas alrcady boen
geperated. Tt is belicved that this lack of atteation It
primarily due {o the common belief that once nobe is

, it cannot be removed, except by bandwidth
limitlng, which in it simpls form ¢liminates or reduces
resolution or detail. The present invention has come
sbowt aftet an in depth study and anelysis of noise in
video and audio signals over the past several yons uti-
lizing several different approaches. Among the methods
uwsed pre m snalystes, waveform spalysis, vector
anulysis (for phase encoded color signals) und observa-
tion of CRT displiys. Most obscrvations confirm the
siapdayd poise models whick are discussed by Moichen-

bacher and Fitchen in their book Low Noise Electronic |

Deggn. Observation of nolwe on a video waveform
which has been fecorded, and geplayed in a frozen time
mwode reveals a property of nobse in the detadl in that
signal that it not commonly known, This property will
be discussed Iater,

A steady staie D.C. signal is shown In FIGS. 1, 2, 7
and 8 of the Juwings, which exhibit normal woise, in
white and 1/f domainy. Bandwidth reduction will effec-
tively decxese this nolse, and if the feduction ix severs
tnongh, the noise will be vicuslly eliminated, See Low
Noise Electronic Design for further details,

Moise on'a linear or approximately Enear ramp can be
{reated approximately the same sa that of a steady state
D.C. signinl, e2c¢pt that bandwidth miting caonot be as
stvere gince it is necessary to pins the D.C. ghift. See
FIGS. 3 and 4. Noite anayhis of a dne wave i3 some-
what more complex. S¢o FIGS. § and 6. Most high
hqmcywh:(prhnnrﬂywmladpnpmmi_se)
ean be effectively removed by band limiting above the

frequency of the signal sine wave; however, 1/ noise.

can be expeclally troublesome in this mode. If the band-
width is lawered furthcr {0 suppress 1/T noise, then the
signal will also be suppressed. Since color information
in a National Television §tandards Commiittee (NTSC)
video signal is 2 sing wave which is phase and amplitude
modulated, variations will be subjoctively observed ny
color hue and saturation varlstions. These variations are
very annoying 1o most ocbservexy; therefore, it is espe-
cially critice] to preserve this sing wave formation. The
mechanlin for reducing noise oa this vignal must there-
fore be an averaging process, coupled with a band limit-
ing process. The average would sample the sine wave in
different spots, compute =0 average smplitude and
phase and then correct the sins wave to these average
values. Bandwidth limiting would reduce noiss above

-the frequency of the tine wive. The sveraging process

also works well on low lrequency noise and linear rump
signaly, which could be trested as sinuscidal waves
having po sinvagidal amplitude.

Amnalysis of recorded nobse reveals that the subjective
or vistal ncise in the color subcarrier is primarfly domi-
nated by noise of those frequencies near and (i below
subcarrier, The poise above sobcarrier frequency s not
seen a3 color hoise becaose of the band pass effects of all
state-of-the art color demodulators; this high' frequency
noise is obscrved as Juminaace noise, This luminance
noise {with the color sabcarrier spectrum removed)
appears o be the pame a3 the linear camp noise of FIG.
4 and may be remaved by band limiting or avetaging.

For video signals, analysis and ohservation of all
three signal cates i FIGS. 1-6 reveals that nobse is
visually most noticeable on low bandwidth portions
(harizontal waveform portions of a video signal). Thia
implies once again the an averaging process is necded to

o

-
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reingve the noise, since averaging .works better than
bandlimiting at low frequencics,

Nniuwhichhnbmimpmongfmﬁpﬂrhp-

time such as in FIG. &, component 41, tends only to
madify the rise time and phase of the signa] and are not
readily visually spparent to the viewer.
_ While these giatements may sppear at first glance to
be relatively unlmportant, careful thought roveals that
in the: process of noise redction, it i celatively wnim-
portant o iy to correct the poise in fast risetiney,
83 FIG. 2, 33, FIG. &41. Therefore, noise in high fre-
quency video componenis is not as important & that In
low frequency compoments. ) '

- Noise in the dow risetime componenis such at in

FIQ. 4, itcm 36, tend 1o modify the amplitade of ibe 15

vignal cawsing readily apparent visnal aznoyance, theye-
fmmhmheﬂmﬂdbcdpdmemmmndéﬂpu
- wha is involved in reducing visual sobse effects, Since

color jnfdrnuation is both phase and amplitode (

in an NTSC systen, phase variations of the calor sub- 20

carrier aré also of comcern. With aa sveriging tech-
nique this would be corrected: -

THEQRY OF NOISE REDUCTION

First, a plan for notse reduction of steady giate D.C. 75

and lintwr ewmps is disclosed. Proceashig such as, but
not Emited 10, avivaging and bandwidth Umiting to
low frequency for these waveforms will give a propor-
tional decrease in white noise and o restricted 1

rest decrease
in axcess, 1/f and cther types of nobse for these signals. 30

The amount of reduction can bo ather dismatic gince
virtually all of the noise can be fimited if-the wppor
Trequency of the basdwidth is severely limited. In
ideo, any nolss below 13kh; would appear as » fine to

Lice brightncss change and auy noiso above 15kh, would 15

be elimiratsd with sufficicnt procesing. Obviomly,
with flat 15kh, fltering, there would be no xignaf dats or
infatmation passed, sa it i necestary to determine when
high frequency. signal informntion is present and re-

‘mave, restrict, or turs. off the processing during the 40

time thic is present. As discossed: previ-
outly, adisc has & small visual effect on high Frequency
signal information, so that restricling the

during this time to preserve the high frequency signat

will have little vismil effect oo this portion of the dgnal. 43

;Bmphhmmplcofﬂ\eabm is given in FIGH. 9, 9A,

!norder.mprmmevidmw:vﬁmh.nhuﬁmm_
flest coavert the analog waveform toa '

TEPieD-
uﬁvcofuuwwd’orm.ﬁinmmk:hudcrm.pwt 50

" form the matkematical averaging fanction. The conver-
shom equipaent, (See FIGS. 10 and 11), nown xa an
saalog to dighal converter o A-D ix commercially
avnilable and will nct be discunscd exteasively, A repre-

sentative input waveform 1o the A-D with » ioear ramp 55

43 (FIG, 10} and a simesoidal waveform 44 is shown.,
The A-D ssmples, 45-50, occur o the wavelorn at s
frequency which is cxactly 3 times the frequency of the
color subcarrer. The output of the A-DD {18 series of §

Wit binary. dets. words (FIG, 10, items 51-56) which ‘60

‘ocrur al s rate which s exacily 3 times (3X) the color
nmunhﬁudumyorthumcmlim;‘m
Individual datn woid is & binary number. whose magni-
tuide is direeily related to th magnitude (Viltage) of the

incoming video waveform which it represents In addi- &

tion to these B bits of dats, (FIG. 11, itema 59-66), there
is also available 3 square wave clock palse (FIG. 1L6T) .

whose negative [o positive transition corcesponds to the

wch 10
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time: whea the B data bits-may be storcd or transferred
with the yssurance that they are valid and stable. This
dlock is provided becawse between sample pointy thers
is & perjod of unceriainty when the dats is

verter (B-A) FI1G, 11, 63, For example, if all the dats
words are moltiplisd by 2, the analog owtpat will be
doubled In order to uiilize the Jigital domaln to do tho
nokse: reduction, the actual digital circvitry to prrform -
the arithmetl: fonctions, such sy comparing and avesng-
ing, i insected in tho binary data Hne between the A-T)
and D-A ax in FI(3, 12 The continusl stream of § bit
data wards from the A-D ks fed- vin 2 trannmission hne
72 tothe noise wnit 73 where the nolee undt stores, com-

P-A 75 where the digitd data & verted back ta
snalog, data and applied to the output 76, A -further
discussion and detaled. of analog o digital

snd digital to analog convension may be found by refer-
ring to US. Pat, No. 3,860,952 This patent covers the
Consolidsted Video Cotp. Model ‘No. SMA. Digital
Time-base Corrector. utilizes the A-I¥ 1o DA )
to facilitate time-base comrection of a-video signsl The
A-D converter of this device was utiized 1o implement
the investion bevein disclosed. - :

THEORY OF QPERATION FOR COLOR
o PHOTOTYFE )

lnmﬂwhmmhrpmmlyhthnNI'SCm
tem, care muigt bo taken to ensure that comparisons and
coimputations are made only on samples of soocenive
corresponding parts of the cobor snbearyier wuveform
{5.C). Refer to FIQ. 14 where a sine wave subcaryier is
shown with A-D} sample spots (S0-50082-90 fndicatad
occwring xt a 3-time 5.C, rate. If comparkony sre mpde
between soccessive samplen or data bits 50, 51, 52, etc.;
the difference in the valoe of thesz bits would be af-
fected by both moise oa the signal xod-the pormal dis-
placement dus. to the dancolda] waiveform. .
it would be difficolt to compate ‘the amount of nojge
preseat by Ant corecting the bits to resove, of com- -
peasate for, the amonnt of color. mbcarriey prescut
Now coasider the case where every bit is compared 1o
the onet 3 bits before ke, 51 and 54, 52 and 55, a1
Clearly, in a steady signsl, these bits will differ only by
the noise difference between the twa bits being com-
paved, Tt i posstble to average these samples to-deter-
mxing the aversge value of the sanples and covrect these
sobeacricy samples acoordingly to rémaove the variation,
Refer w0 FK3S. 15, 16 ind F1O. 24 (FIGS. 18 and 16 ar=

- block disgrams of FIG. 14).
. Lo order to analyze the opeyation of the noise reduc- |

tion cirouiitry first sesume: that data word 1 (D1) (Refer

, -specifically ta FIG. 15) which ocwrespomds to sample 1

(S1) Is present at the input register‘when the first clock
pulse artives. Duts word 1 (D1) will be transfeired wy
the inputs of registerA, 101 and ALUY; 100. The input

gister M 18 not. necexsary' 1o the operation of the unit
but doas. stxve to minkmize reflections on intercomect-
ing lines. In » similar manner, at the nest clock

‘ pulse,
data word 1 will pass through Regisicr B, 102, and with
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succestive clock pultet, will pass through Register E,
103 and Rogister D, 104 and it- will thea sppear at-the
itiput of ALU-3,105. In « similar manner, data words 2,
3, and 4 will also propagate through this string. Regis-

-wrs A, B, B, and D make up the delay block of the

" circait. Now congider the time period just :afler cloek

- pubse'$ when we have the situation shown in FIG. 16,

‘We carlicr aswumed the output of register 54, polat 108
iz applied to the input of ALU-1,100, AL pecforms
a wbtraction function, subtracting Data Word .1 from
Data Word 4. An output of ALT-1, poipt 109 gives the
result of the subtmction and a second - gutput. from
ALTK1 indicates whether the answer is positive or nep-
ative. Thit information i3 stored in Ragistier C, 99 at'the
pioxt clock pulse We may assume that Register C-al-
teady has stored the differenco of the provious subtrac-
tion which was D3 DO, We may also acsume that Reg-

- jster- D' has Data DX already stored. ALU-Y, 105 ‘aver-

ages DO with the difference of D3 and DO from. Regis-
ter C according to the forowls X=DOA{DA--DOYT.
The previowly stored sign-(+ or —) information for
the quanity (D3-10) b wsed by the ALU-1in order 1o
_perform ihe plus or minus function so that if D3-b
greater than DO, (D3I—DO)/Z is edded to DO and i

- D3 iy smaller, (03--DO)V2 i sublracted from: IO, 15

Bigce ths difference between D3 asd DO & the low
frequency. nofse impressed of the waveform, the ouiput
of ALU-3 will be DO with } of the poise removed by
this sveraging process. Thit noise averaging process

will continus; indefinitely, procesing every bit of infor- 30

nistion-in the wavcform. NMow assume the case where

- the subcargier has & Jong term D.C. shift in either &

- poaltive or negative direction, Since the difference In
data is only corrected by » factor of 0.50, 3 clock pulycs

. after the whift apposred ot input point 108, the shift will 35

appear at the output of ALU-3, 116, offsct by | of the

. D.C ahift over the 3 clock period, but having the tame

slope o8 the input. For most applications, this shift & not
noticaable to a viewer waiching » picture monitor; if it

were, furthey civeudiry conld eompensate for It Next 40

assume the case where there is a step function or a large
D.C. shift in the input weveform This is where ALU-

2,97 and the switch 106 come into operation. Ax soon ax -

the new leved and old lavel are subtracted by ALU-1,

15
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‘of the sigrial-in these sreas. Those areas which are of fast
risctime or high detail are bypassed. This preserves the
detall; Hat no noise limiting will take place. Since nojse
is not s noliccablé on these high detail areas, there
_wold bé little visial improvement of the signal any-
way. ~ .

" The averall effect of tha proceasing, mi vicwed on the
Pimum: muﬂotwﬂlhhuu:nflmunh‘mm
imape which stitlhas its original detail bat has kst much

10 of the ohjectionahle graininess’ The foregoing wircuit

was deilgned primaxdly to demonstrate the pelaciple of
voise reduction of an elcctyorde signal With a linle
study one sees that by adding more delay to increase the
time botween d piilses 1o'a single or ons hori-
zootal line, the net effect is to compare sicocisive vert-
ca) picture elements. Also, it would be sdvaningeous to
compare several differeat adjacent picture clemeats 3o
that risont could be made in a pline and make the
bandwidth Emiting sod averaging more exacting. Thess
methods would, of course, require much more circoltry
to implement but can be accomplished under the teach-
ings of the pressnt invention

The sbove analysis may be cxpanded to Inclada pro.
ceasing of a telovision video gl Tt will be seen that
the comparion of adjecent picture clements, s de-
scribed sbove, will be most waeful Referring to FIG.
25, one sced & repeesentation of five scan lines which
may be taken from any point in the televislon raster, =
viewed on a television CRT. Tho scan Hines are adjacent
in location oz the CRT but will not necesssrily be se-
quexntial in. time, depending on' the type of televidon
systiom used. .
. The Hoes in FIG. 25 are broken into scgments A
mmzh HI Aln Bl- C. wF", G H,apd X which repreacnt
picture elements and may be equated 1o the digital zam-
ples which were previously discumcd. By envisioning
the picturs elcments of FIG. 15 az being scgments or
pixels of an actual display of » television scene, one may
understand that elemeats D and E will be very slmilar
to clement X, The video wavelorms which correspond
1o thess scan. fines might Jook like those in FIG. 16

+ where pixel A corresponds to voltage s, A’ to 2, clo. Ak

"previously, discussed, in 8 noby signal, by averaging

and subsequently clocked through Register G, theddif- 45 pixels D.and X a bettér approximation of the trus note’

‘Tetenice wt point. 114 }s presented to the jopot of ALU-). -
...  ALXI2 pompares this differénce to a Rxed number X, 96

fiee value of the waveform ja the anea arownd pheel X
uhuhnd.sughﬁygﬂy.itm_bolhomm&:pum )
which is set by a series of switches, If this diffcrcice 3 . the number of pixels which e compared to pixel X, .
greater than the numbgr X {detadl ) ALX)-2 . and ised to determine 2 new spproximated valvs for the :
"sciuls u signal via point 115 to. the switch, ‘which 50 troc value of pixel X before noise was added, the better .,
_ wwitchés it from:the averaged output of ALU-3 10 the that approximation will be. . _, )
- . uncorrected output of Register 1. This effectively by~ This process of approdimating or predicting the trac
7 passes the processing action for the duration of the large . value for a series of pixels, which have noise impressed .
"7 Jeviel chife and presérves the detail of the risetime, The,  on:theni, is called noise reduction. In u simple low cost
77 delay 9 betwecn ALU=2 sud the switch passes aswitch .55 form the circuitry vsead to accomplish aoise reduction
. off command instantly and defays the following switch ~  would .compare, pixel X to pixel I or B-aad -If thens
* dorcontmand far 3 clock pulses. This allows the detall to  * pinels were approsimately the same, the two would be .
.- clock through the Register chain 101-104'to the output. |

v

averaged; giving & new valve for pixed X. If the plxels

ALU-L REG C, ALULZ, X, the'3 CLK hold and their ~ were vary different, no sverage would take place. The -
amociated component tuake up the comparison block of @ neat plxel would then undergo the same process thes

the circait, ALU-3 and thie SPDT switch make up the - making the systein continuous. This is the theory of

. .7 ‘processing block of the circuit, The output registcr 9553 | operstion of the device which has been previously de-
. ot necessary - to the operstions but ‘was included-in -~ scribed- An imporvement 10.this syste would be to

“order {0 minimize transmiision. line- refloctions fo the  weight- the averaging so that #5 the pixeld gt
piototype. The net effect of these three actions B that 65 and farther apart jn magnitudé, the comparitos pinet
e noize on color subcarrier will be reduced by afactor (D) would affect the prediction koss and less. A forwinla
'of § for both steady state subcarrier and for slowly  -which would accomplish this & (1 -Z)XD+ZXX

shifting color subearrier, this will give an improvement  where Z is the weightiog factor and Z=0.3 for D=X
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and increases ay the magnitude of DX inoreases until
Z=1 where D= . X -

Another Jogical improvement om this system I to use
several sdjacent pinels with each pixel being compared
to X and then averaged with X scconling-to some
weighted averaging provess. Of course, instead of mn
actual sum snd divide type of svernge the hardware
would operate more clficiently it & prediction of the
amount &f noise on pixel X were computed by inypect-
ing the adjucent pixzls with rempect o pixed X, and this
amount of noiss subtracted from pixel X

In the actha} hardware implementation of & scheme
where seversl sdjscent pixehs sre compared Lo an input
pixel, there are many considerations 1o be made, Refer-
xing agiin o FIG. 23 and sssuming » NTSC system,
those pixels which are traly adjscent 10 plxel X are A”,
F,C, 0, E F, G’ and . Since pizels D and E are
very close to pixel X in tisoe, there is a good probability
that any low froquency noite on pixel X will also be
tpread over pixels D and B. An average of pixels D) and
E to provide a refercnce for determining an estimate of
the true valus of X will be of limited uae for low fre-
quency noise Pixels A", B, C', F, @' and 1 are phyni-
" cally adjaceat 40 X tut in time e quite separate from X
and thereforé both low frequency and high frequency
noisz impressed on thess adjscent pixels wonld be very
. random with respect to X, Oune may sssume that pixels
A, B arid C' miy however contain different smounts of
high frequency picture information or detail, o0 it
would b wise to select only the oo of the three that is
clacest in magnitude o X or 1o average all 3 of these
pizels to remove or reduce this high frequency detail
before computing a refoece, A similer techaique may
be wsad for pisely F, &' and H', to provide mother
reference: for comparison, to pisc X
- In the NTSC system, in order to have tho adjacent

-pikels A, B', C, F', G, and H' available for comparison
“at the sainc tme as pixel X, a large delay or memory of
approximately 1 feld must be uzed. Large delnys, with
current technkqués, ace very costly. In order to reduce
this cost, i would be possible to pac piscls A, B, C, F,

5

30

15

40

10

block will now compary. the delayed output signal w
the input sigusl. The delay d ourput signal Iy & neise
reduced version of the mpot figoal which allows the
input picture element to bt compared to & noise reduced
picture element which was previously input t the ay>-
tem. For eanniple, in F1G. 25, sny of the piach A, B, C,
D,A’,B'.C‘.-F';G'.nrl-l'mbemmplmdhpkdx‘
wilhﬂmpiuhhvingbﬂmprevimﬂym‘uem
if it is swumed that pixed X is in the socond Seld &t
stiould be noted that i actual practice the signig delays
through the processdug means will contribule 19 the
delay thue between the two inputs to ihe comparison
means, thus this delay most be subtracted from e delay
mean. This and other changes necessary 1o convert the .
poise reduction system from & nonrecursive 4o s recar-
sive: system are very similar to classic textbook trem-
ment of dighal Glters. The mess b 40 Con- -
structed that wheaever the difference the inpui
vigzal ‘and the delayed output signal i below & piven
threchald it provides an average of the input and de-
layed output sigoaly, Otherwise it provides the equiva-
lent of the {nput signal . .

. 'The principle of comparing twa or more polnts ow an
electronic sigosl and mal 3 procexsing the
signal-to remove the random noise oa that signal is by
10 mesns Timited 10 the field of lelevision. Any clec-
tronlc signa! which has information of » padodic or
predictable nature caa be processed in.this manner by
schecting the delays such that signal elemints having
some predictable relationship can e compared t0 deder-
mine bow well thesc elements fit-their predictad valne,
For exatnple, Radar xignal elements which correspond
to the ;ame arca of the disptay CRT on different sweeps
could be compared. In the andio domals, most wanted
audio is -composed of repétitive borss of

Por any givea frequency in the sudls spoctrom, »
wanted piece of information’ will contain s=veral cycles
of thix fiequency. A random pope at this

wauld be composed of & very few eycles or Jesy than
one cycie. By compating the signal to 3 point or seversl
poinis which are intcgral cycle lengihs apart ar the

G, and H, which are taken from the.came field as X, in -
place of those truly adjacent pixeis which would come .
from the: previous field These pixels from the same fickd -

frequency bemg processed, a prediction ¢ be mads
o how mpuch minelgiv‘:ncyﬂhofhfmmnﬂmhno:
L The number of other Intalligent signals 10 which

wauld 3till be relatively similar 10 pixsl X and would
hive fandom noise impressed on thoor A very good

4

~ost/performance tradeoff can be expected by using

piuhwhi:hm-noudjmcntmmehputpixglxm

vadiations of this techaique can be appliod 10 are ahnost

o -Knmﬂulmqoﬁie.p%rﬁu_iﬁytn sccomplint these Fonc-
. tons B shown in. FIG. M. This

chreultry s typical of ,_

st close 1o it, such a3 thiose pixels to the Jeft dnd fght . atate of the art digital eloctronics ind utilizes large scale
of pixzls D) and B respeetively. - -, I 50 integration coriponcats’ which are standaid marinfac
o the dmon.mmmﬁnﬁﬁubunmnd:. tured party A short functions]. cxpleistion for each of

in the NTSC syxtem,
'.C.F,G',Mll;muuh%hppmdbefqm t
pixd&-ﬂ'meuﬂ:mpllﬂ)(hinﬂ_ﬂ-mmdﬁﬁt
should be obvious tteat it would be quite £8sy 10 devive
-mﬁwwqummmwmm

Referciag to FIG. 35,
pixels A, B, G, end D s well as A",

tnrers dita theets may be consulted for further baform.

is included in FIO§: 17-23, Manufuc-

55

_-ckifl:l:! the block diagrams given .

previcusly and the
crafional déscription given for the block diagram .
FIGS. 15 ind 167 the came as for the circuit of FIG. 24
.+ Actasl circuit construction was mude vsing oompter
hand wiring or any typs of conitruction showld wodk
equally as well. ' .. .

these descriptions, the word

“Ag used previously in

‘ -be - Noise iy meant fo mesn ‘any unwanted disharbmnces
casily sccamplished by delaying the outpot of the de= '
vice and wsing the output of the defuy as the reference
for the comparison to the input. Referring to FIG. 13,
and assumning conncction NRA ks deleted and RI is con-

nected to form A recursive system, the. comparison

superimposed npon s uselil elecironis signa] that tends
tc obscure the information content of sxid eleciromie -
signal. Data ghall refer to any signal to which intefli-

.. gence may be assigned, and Detail shall refer o any’

element of & data signal which differy significandy from
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thise dlements which sanound it NTSC or Natiomal
Televizion Standardy Committe ix st present sn inactive
organization which previously sel”up the telovision
system corrently in vse in the LS -

Although this inveution has becn described jn its 5

‘proferred form with & cevtain depree of particularity, it
is underitood that the present disclozure of the pre-
fexved form has been made ontly by way of cxample and
that numerods changes in the detaths of construction and

the combination and srrangement.of parts may be re- 10

wmdmm&mtdepuﬁng&omlhctpimmdﬁe
scope-of the invention nlmunuﬁ:rdmmed
" What is clabmed b

L. Apparatus for reducing muemmmpnldmtm:c

signal, including in combination, delay means for delay- 15 means

ing zaid input electranic signal w produce 2’ delayed
input signal, comparison means responsive to waid nput
electronic signal ‘snd #x3d delayod put signal which
has the samic bandwidth as sald input efoctionic denal

‘which comparizon means may ahvays detarmine if the 20

difference between sdid signals is greater than &.refer-
ence xnd proceising means responsive to xaid compari-
son means and said delayed input signal to penarate an
output tignal which Is elther an average of 42id input.

and delayed signals when mid difference is lesa than ald 24

reference of sad delayed :lgnll otherwise, as deter
mined by sald
J.Applﬂtmnahhbdinchimlmdudmgmumm
* diterming the presance of detsil in said lnpntdmic
signal as part of said means.
3 Appumnclumdhcldmlmﬁlndhgmﬂmw
rexiove detadl in said delayed input sigoal as part of said
4. Apparatus 33 chimed in claim 1 wherein said peo-

ceaing means operates in response to said Comparison 35

m:-nﬂuaﬂwdmﬂlhﬂmdhput:lmum:mndmbe
prezent on said output signal. ¢

5. Appuntuhrrndlﬁﬁngmimmmnpmde:mm

. signal which noise hax & peak to peak amplitade which

Is. fera than the peak to peak smplitade of said input 40

. tloctronic signal, to a level lower than that 3t the Inpuot
., of taid nolse veducing: appacatus, with uﬂm

requiring no special processing of said input- nic
.. -signal before noise is added, inchuding in combitation

. provide a delayed input signal, comparisod meany for: -
-7 “comparing wid delaycd lnput signal to said input elec- -,
mhdpﬂmdmhwmcdmmwmd

: aald. difference to & reference which may -

. - comparipg
-.~ﬂlawﬂ|elugu_ufnldfeiermcem‘uiddiﬂmm 50

., always be'determined, and processing means. responsive
" muﬂmwhmmandth:fnllmplmdcofnld

delayed input sigaal 10 select as the: ovitput signal cither -

« mr average of said inpot elecironic signal and aid de-

" Inyed slignal §f said difference is kess than sabd referefice 45

wuhddnyddpddhwhwhﬂm&uuh
mwmmnidmmmlﬁm
i.ApplntulndﬂmbedmchhSWhﬂmbth

mﬂnlopcrﬂﬂtnddﬂmmethaprme .

pf;lulﬂlnmdmputdmmmﬂgml ;
Appnnhuuleikmhincthwhcmhuldm-

wmumﬂmindudumummrmwedetnlfm

U aald eput electroude signal, -
- I.ApplntmumfoﬂhiuchhHSWMﬂndlghl

4,305,091

mmlomnﬂpnhﬂhddfem:lnmmumﬂnlduw
sion raster,

10, Apparstus # ‘set forth in claim 9, mcludh;in

mbmnﬁon.mumforpmumng color subcarrier of
sald television signal.
* 11. Apparatus as zet forth in chim 9, incloding in
cotnbination, means for comparing corresponding parts
of NTSC video color fubcarricr wnd means responsive
10 said snbcwrrier comparison for procesing raid NTSC
mlurvﬁmmbcaniﬂmmdmmhnldmhﬁﬁm
video signal.

1Z Apparuns for gerierating a noiss reduced vversion
of aninput elecironle signal which bes beea derived by
seanniog a spatial image, lndinding in combination delny

fon: dclaying the Gutput signal which b owtput

sgml representsn
noise reduced version of the electronic signal previ- |

fmm said apparatus which’ cutput

ously tnput ‘10 said: spparatus, comparisom means for
comparing st least one clement of sald pat electvanic
cgnal 15 at least 'one element of sid delayed outpat
signal to determine this difference in caid input xnd sald
delayed cutput signal cleshents and to perform a threshe
old comparison to determine if said difference is greater
than a threshold, said elaments éorrespoading to differ-
ent polnts on the scanncd bmage, and proceialng means
responsive to said difference sod said threshold

ison of seid comparison means and at least one element
of zaid outpus siznal which has beca delayed to'generate
sald output signal which represénts an avernge of mid
input eléctronle slgnal and said delayed outpat signal

when said difference is less than said thesshold md with

snid ‘output-signal being aquivaient to sald inpot elec-
tronje signal otherwise.

13. Apparatus as set forth In claim 12 wheredn said
input clectroni: sgnal is a television video signal with
said input 'and delayed cutput elements being plctore
elements and anid délsy rvéans ntllizes & delay that is legy
than one television frame and allows said delayed omi-
put sigzial| picture dement-or cldments to be adjaocit to
the picture element of the input clectronic signal which
is being nput 10 wdd’ comparison mcans whern smid
plture element or picture elements which sre from gald
dﬂnyedwtputﬁgnalmdmvcdfmtﬁeumﬁddu

delay iesns for delaying sald jnpof electronic signal to u o b to said NP“ e

tuzre element
ltﬂpmmnmﬁ:rﬂniwclﬂuuwhmuﬂ
. input electronic signat is a television viden signal-with

sald ioput and delayed cuotput elements being ploture: -

elcments and said delay means utilizes a'deélay that i

greater tlisn one television rame mnd allows mid'de- -~

layed cutput signal picture‘element or clements to-be

sdjacent to the picture clement of the-input electronds”

. signal which i being input-to-iald gotnparison means
wliefellidpiclmnlbmmtotpidmdmﬁ“

s4ld delayed cutput signal ere derived from & feld or
'ﬁcﬂswhbhmndwhuwﬁeﬁeﬂmm;ﬁ

said lnput elecironic signal pictare element. -

15. Apparstes s st forth in claim- 13 wherein sid

delayed -outjut and. jiput elements are substantisfly

mmmmmmmmuhmum-_

frame

lﬂ.Appuumum[oﬂhiuchhnuwhumﬁd'

delayed output aid Bpit clexnents are thiltipls elements
which unlde:mdfrumlmungulirlrﬂmmh.

repraseatation of said inpwt elsctrouk: signal is utilized. &5 teloviston frame.

. 17. Apparatus for removing noise fmm an input vldm'
Slgnﬂ wlifch is & color television video signal, inclading
~in onmbinatmn, ‘delay means l'ur dcllymg ﬂlﬂ inpat

9. Apparatus a5 set forth in clnim § wherein said input |
- -clectronic signal is'a television vlden;igmlmd;nd
. detay means allows said sigrials inpuit 1o said comparison
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" video signal 1o provide & delaycd input video signal
covresponding to & point on the raster different from
“Hh.putvidmﬁpal,mmpnﬁsmmmmpmﬁwm
said delayed inpat video signal and sad baput video
signal to determine the difference thercof for il signal
conditions and comiparing said difference to a reference
o determine if said difference is Joss than aaid reference,
and processing means responsive 1o said

means to constouct a noise reduced version of said mput
video signal which version is za average of sald bopat
and delayed input video sigualy If said difference is less
than said reference with said processing mems pespon-
dvemniddd;yedinpu;ﬁdmﬂgunluﬂaddmpnri—
z0n means 0 cutput 3aid dchyed input video dgaal if
said difference is wot boss thun said reference.

18, Apparutus a5 et forth in claim 17 wherzin said
color television video signal is represeated in digital
form. .
. 19. Apparatus s set forth in claim 17 inclading in
combination, digital shift registers of digital memorics
which comprise mid dclay means,

.30 A as set forth in ¢laim 17 including In
combination, digits] arithmetic Girenitry ax part of said
comparizon means and processing means.

- 21, Apparatus as set forth in claim 17, incloding in

. combination, digits] abift reglsters a3 part of said delay
means, digital logic cirvultry as part of said processing
meaus and digital logic circuitry a1 part of seid compari-
20R pOEANS,

21 Apparatus aa set forth in claim 18, including in

. 14
H.pr:tnsumfnrﬂnh:laimﬁwhﬂehy:ﬂ
formutas may be changad to suit the arsount of noise of ”

xaid input video sigual.
H.Appﬂnmulctldrthlnd:imlﬁwh:mbynid
formulas operate relative to constants which may be

changed to suit said ioput video signal

18, The method of ronoving noisz on an inpat color
television signal includiag the stepé of delaying caid
input video signal to provide a delayed input video

10 signal corrcsponding to & point in the raster differeat
comparing

- from wmid fnpot vidoo signal,

15

n

k)

combination, digital arithmietic logle means and digial

memory means sy part of seid. proceasing means.

© 23, Apparatus s set foith in claim 17, including in

. combination, said g foesns wtilizing mathemat-
ical alicring of swid delayed ioput video signal and the
difference of said mput and sald delayed tnpat video
signals, with #ald procsssing mears oporating in re-
spouze to said comparkson moing, with said comparisoa
means performing comparisons of sald put video sig-
nal and said delayed input video xignal to determine the
presence of detadl in giid input video &

34, Appararus as set forth in claim 17 facluding said -~ .
delsy means which wtilizes 2 delay of substantially one -

" tilevision pixd, or ene television horizoatal line or one

television ficld or s combination of pixels, lines, or fields  image, and

fson wicans to compare ki Jeast one - gnal with wld

of said delayed input video signal 10 af feast ooe - forementioned comparison of suid differents and sid
s3id joput video sigaal with mid pixels being * - >

adjacent to each other as viewed oa  television screen 50 dverage of ‘s

4y enable sxid-
pixel
pixet of

25. Apparatis as set forth in claim 24 Including raid
means having binary mathematical Tormulas

to modify zald inpat video signal. . -

40

4

o

55

63

referenct 0

the delayed
hpntﬂdmﬁgnﬂmmnhputvidm.dpllhhm
layudmndlﬁmmdﬁﬂminetﬁcdiffmw
undu:nligmlbmdiﬂmundtnmnmuudiﬂm
ence to & refercnce to deteymine the lacger thereof snd
processing the delayed input yideo signal und said dif- -
ference in firect response to the aforcocntioned com-
parison to sald reference to produce an outpot signal
which i cither an avengo, of said input and delayed
inpat video sigaal when sid difference is Jess than smid

which may allow the Lirger of sald difference or said
reference to shways be determined, and proceming said
delayed input ignal in response to sald comparisons o
gcnﬁﬂun‘pnlwhiclpmyhachmgdﬁbmn:m
age of xaid input and delayed input electronic signals to
& signs} equivalent to said boput electroulc sigoal in
response to axid comparisons.

0. The mefhod of genezating: an output electronic
signal which is 2 noise reduced version of an laput elec-
tronl signal which has begn derived by scanming a
spatial image, including the steps of delaying said output
dectronkc signal, comparing at least one elcment of sid
delayed output elecironic ) ‘
of sald fput electronic signal to determine the differ-
ence {0 1id elements and co ing siid difference 1o

_a refirence 1o determine the larget thereof, said- ele-

menis corfaponding to differcnt points on the scanned
seid delayed owiput electronic
differehive in. direct 5 to the.

i -output dgnal -which & o **

signals when 11ld differcace is fess than said referencs | - -

or is equivalent 10 aaid input sgnsl otherwise.
ynlent 10 s Pt

e i
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ISSUED UNDER 35-US.C- 307 fon St Y S0
TBBPME’TTEMEBYWEDAS 5 JJMMMthcWEEN.MﬂM
MBEIDW ' : . of delayed and mddcyaddgnnhhvdm

mmmlmdlnmnbnd:m[]mundhw -‘ ane fntegrod eyele rupar

putent, bot hus been delefed and is no longer a part of the” mmmmmdmmmdaimu 29, or 30 wherddn
ptmhmﬁuphﬂhhﬁuhﬂuﬂﬂdiﬂmm o w&wm:mmmmmmmm _
b ey . C e o 37.7hémethadas clolmed in claim 28, 29;0r 30 whereln
: mmpma;wmmmmgym
AS A RESULT OF RERXAMINATION, IT HAS BeiN 1~ 20 waid delaying. .
DETERMINED THAT. , T 3a.mmmmdazmtm¢hmnwwsomm
said grerage ix an average whersin the welghting thereof [x
Th patentabllity of dxims 2, 3,6, 7, 10-1€, 23, 25:23 uwn#nnmlddy‘md
aid 34 is confirtned. )
30 The method of gensroting o noisr reduced version of
Claims 1, 4, 5, 8,9, 17-22, 24 and 29 mro cancelled. o mwdmmwmwmhhnﬂwwwmm

. ‘Mew caims 31-39 are added and: determingd to be - I‘ Mm‘mmxm‘;
patentebe. pqi:uh kmﬂrdﬁmﬁw:ﬂmmm
31, The method as claimed in clalm 28 29, or 30 whereln 4. M”ﬁﬂwﬂw‘f“mmmﬁ‘:
#aid difference Is combined with, said delayed sgnolt0-: ine the'diff thereof under all signal condit
- geneivie sald equivalent to sald input.videa signal when Mwmgmﬂgmmawmdbwh
sald difference is greater theap. soid reference, larger: gf said mm“””w”,g:"h
rmiied, -, zald delayed ﬂpldl
32, The method as claimed tn clali 28, 29, or 30 wherein 39 ﬁwmmmmﬂ"
a portion of shid difference It combined with aaid delzyed mldﬁfammgemtmmdgnduﬂckhm
dgnal w» gemarate sald average when sald difference is lest on average of sild input ard delayed inpat clectroniz video
#han sald referéenice. signals whert said difference It less tian said Mr.nrh
a HAgpial equal to sald put dectronic
33, The method af clakmed In clairm 28, 30, or 39 vwhereln .. mspomem:dlﬁconwﬁmm.
rald compariyon of delayed and undelayed slgnals Involves ;
adjacerr ¢levhenis. - £ K o
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{571 ABSTRACT

Moise reduction on a video signal k& achicved by an

- and Y. Roeed— 1977, Digital Video.

Adaptive flter system which is capable of. automatic

changex in filter
includes an automatic meibod of independently chang-
ing both the width snd center frequency of the teeth of
ammbtypchndpnnmdopanﬂlmﬁltﬂ.uwdlm

This Inveative concept

noise iz those porticns of the spectrum nat being usind-
by the vidoo signal. The fiter system herein disclosed
mmﬁummdm%wnocﬁuﬁrmm
dotail in the imape and by smoothing low

nolvo in reladvely detsil free arcas of the pictare, -

43 Ciaimy, 16 Drawing Figares
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1

- NOISE WEDUCTION SYSTEM FOR VIDEO
SIGNALS

Tﬁuaﬁpﬁm&n knﬂmﬂmﬂmdh No. 265,870, 5

filed 06-D1-81, now sbandsocd and & continuatioa-in-
part of VL8, patoat application Ser. No, 30,208 fiked
Apr. 16, 1979 pow U.S. Far Fo. 4,303,091 entitled -
“Blectronic Nobe Keducing Apparates and Methad®,
which spplication in turm it a coatinmation-in-part
-~ U5, patent spplication, Ser. No. 761,90 fled Jan. 31,
1977, now shandoned, entitled “Flectroside Nokse Re-
"ﬂmthppnrmmdMﬂhod."

iems

cawse slong with the nolse a lar l.muntotdetnnk
comb filters bave Joug been wsed for
- hromix separation, with 2 smail sipaal fo polse boprove-
- meif; and now harge scale digital nolse reducers which
wiilize fcbme delnys to imiplement rocursive temporal

£
H;
1

hmﬁduwﬁmnvmmmwmmmﬁ

devicts are described o "defail in ULS. Pat. Nos.
4,058,836 Dicwey o 8. and 4,064,530 Kpizoo of al
“These recursive time integration systenn do a fairly

ple time system such a8 be in a digieal
or charpe coupled device syitem, in either & recursive
or i Becanie the filters 45
delny times be in

hltyﬂmlﬂdmpuﬂutpmwi&uhn
.mﬁmﬂnpowerdm]_

FEQ. 1 is » more detadied drawing of ome of the power
“chusters with typical 30 he. separated sidebands ;

of 10

' 2
FIG. & is a spread video power
comb filter bandpass envelopes 11 and LY
FIG, 7 is n drawing of 3 scan lines from some: random

HaG. lkndnwhsofuypimldd;ymﬁsmaﬁm ‘
for the: pon-retarsive form of the noisc roducer, having

shifted bandpass envelope 22

FIG. 12 s an nonrscursive filter having
delays 24, 25a, 255 and it 17

FI. 13 b a detadled Block of a

adder 31 with ontput 30, pixc] summes 32 with ontpat

M and divider X%

FIG. llhndnwiugnfamﬁmﬁom:rnﬂm
point in a television rarter showing the Jocations of

30 pixels A thra I and X;

FIG. 18 is 2 detailed block dlagram of a ¢

Coppatalon
'le“:dmﬂ m;ﬂminzmmitm“dmﬁumm
{:

FiG. ldhudﬂaﬂedblockdhmmohmuhm
and processing block having absolute valee differenco
computery 26c -rank computers 355 dual magnitude
compnmm e, rnk eomparators Mh,

video switches 28 and 284, circuit 38 X
high cosmputer 38, nolse reduction pumber 375 and
thyezhold puanbers 29¢ -

It is the ohject of video noise reduction systews de-
veloped o comb fltern 1o a bandpacs character-
kﬁnwhlnhmﬂchnthnmmnﬂhvﬁwdmm

ﬁ'equ:lnyw FIG. 1is 2 more detailed Senwing of
mdlhahu'mﬂm niw, chowing the ddebands 2 of
each cluster which s spaced & nominal 30 kz apert in
frequency for complex changing video, The 3 bz offset
is 2 result of the frame repetition rate osed and wonld be

HG, Hknwvﬂmmﬁmﬂumvdopea. &1 25hz for 50 cycle Buropean systcma. If one considers a

- Flﬁ.lhntyﬁcdvldmpowchm“vﬂupc4

single picture clement, it b obviows that the lowest

ﬁ'ﬁqlmcymmpumtaﬂhuvﬂm correrpondin
t0 thay elament, if it is stationary, :f::lﬁ:lnnutr.lnﬁ

power ‘
changes in picture
detnil, apd for this purely static signs]l any given side-
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. 3 :
. basd group of n horizoutal harmonic hey no amplitude
modulaéion or frequency modubation componcats with
rmmmﬂmlnnimmlvidmmhvhgnmﬁm
and cliwiging images, aoy of these 30 hx sidebands, 2 of
FIG. 2, will have time changing amplituds and fre- 3
'qmwmpuﬁﬂhwmmmknupapnn_rmof

with the scene jnfor- 10

In this bigh perforinance nolse reduction device, the

object ts to model a comd flter such that the bandpazs

- . emvelope of the wecth of the filter fit the expected video
power clusters st the hdrizontal harmonics. A diagram

* of 4 videa powee envelope 5§ apd 2 comb filter bandpast 20

groups is shown i & simplified graphic example f A

- §_Tn sctual practice, the envelopes of FIGS, 3-6 would
comiplex if vicwed oa & speciium paaly-

ger or plotted with 2 high degree of acturacy, however 25

]

i

eavelopes tan ocoiur, sech as ju FIG, 6,
The nolse reduction system for electromic signals &5
_ discloged herein operates oo 8 spstial techniqoe in
" which each pictore element within 2 television raster 14
iz compaied 1o the clements yurrounding it such ss X

4
rupwﬁvdy.uqhnwuhuﬂid-_lnﬂtypi-
cally in FIG. 7, with sald pictime clement being selec-
tively, combined with those mtrowmding elements
which are similar 1o the central eleraent in a peoduct, 2
m:muw@ﬂwqmmﬂ*

and A thro H resp

cal process. The actual mathematical - med B
relatively nolmportant from » poise i stand-
pohtdnu-ll'wmmmdmnwpepfwﬁw
mpmﬂmdrhmkvddmmmw

ever other imape processes may be combined in this.
finction 21 will be discursed Yater. It is fmporfans to note
that for removing low amplituda poiss the surroundmg

the
devistion or flexure sboat the centinl clement, As was
disclosed the niroonding cements o Bot

previously
have 10 be truly adjscent or synunetrically patterned,
however tol rewalis indlcute that the adjscent

w.-MMﬂmumdeW-

mﬂummmmhmﬂ' fino in R, T,
area covered by Uicse the examincd elessents may
be refexred to as the area. Por the purpose of
b followlng dizclostwe it will be axiened That thess
clenvents nre dbercte fime clemimts Foch a3 samples fu
digial systcm, howtver the discloscd concepts will
apply cqually 10 any continuoos analop-system whore
the clements ate conthunois and not broken of sampled
fnto individual anits, This may be effected in hardware
by all memoties or shift rogistess wsed by
digital systems with analog dclay Lines, Analog delay
Ynct are of covrse avillable in cither Rxcd delay length.

- and vadiablo delay kength configurations.

mnbmmpmwnuyuknundthcumﬁndwor :

g

i

%
FE
2

2
HEh

;

I
HHLH
£y

be extentively j

: clrenir 172 1n FIG. 8 and
fre labcled A tiwa H and X correspomding
¢cleinonts nppear in the Tater s shown jn

2
=

4.

e
|
i

wat menboned, the video 30 bz side- .
mm;mngmmnnemmm



. syitem is
. ihownin FIG. 12, If the 3 position switch of 17c bsia the 30

glvhgupoﬂﬂwﬁmmylhlnhyummlmm
spectrum soch as is shown by 21 in FIG.
m;imrhmmcmkmﬂchh;ﬂmvd-

mmdmhm‘&MImnﬂw&qmlhm
it i vcape cor iy camm o
Becanse o ceniter cannot be

options available o & tamporal brbegra-
thom. nolse reducer such as those previously discussed
afe to incrtass the bandpass envelops like 19« of FIG.

A shwple disgram of such . adaptive &
middle position the Glter will have bandpass teeth at
some frequency spacing w which it determined by the
Yenpth of delays 24 and 250, If one assumet 24 35 2 delny
of t—a, and 2%z and b each have a dely of & with t

'bnbhmmmymn :n, t and t-4-u. The switch

mmmmﬂmmmmyﬁwmm

would be 1 frame lesgs 2 H, thos.

¥ menticned, and i shown 20 sion & Kystai wheoe the theoe dala:

- 30

435

i, then the 3 posilion switch will 53

and switch wold
be replsced with x single varisble delay such as
2 CCD clocked with a variable frequency clock,

CoInparison
and system, each of the pixels from the de-
Inys in input to am arithoiths biock 260 alouy with pixe]
X, where tha abzolute value of the difference hetwesn X
ad the wespective plxed & compated. Each of theis
shzolute valoe differences, a for A b B, ete, s
compared 10 a threshold t, 29q, in blocks 274 1o deter-
mhnifthc(ﬁﬂhmeklﬁlﬂﬂnthﬂWle

processing circuit 38a For the purpose of this expla-
sation the thoeshold Is sssomed to be & fixed nomber,
hnwwerm:ﬂﬂndmﬂiﬂmmgniuthltitwnuﬂ
be uscfol to make the threshold antomatically varlable
in response to the signal to noise ratio of the Kicoming
video dgnal, or ta ths video content of sald sgnat. The

'Mﬂmﬂdhnﬂimmlmﬂvﬂymnwlm

for pood S/1 ratios, and & large valie for poor /N
matios. In section 32 tw processing clrcolt smas all of
the pixels incliding pixel X, which ars Input to it Seo-
thallddlthnmeﬂ'ﬁdunfﬂndemmhputtt)ﬁﬂ

circuit at soction 32, cither by siming oIl

normalired moise redoced signal which is outpat from
lh:de‘\:m.ofmmﬂchofmmmmmﬁmtm
(wﬁvﬂnﬂu:ﬁnmh%ﬂﬁmlm&hﬂ& 13, to
weighted Tr&,am;“ﬁ':ﬂwm '

. s X
mmmmigrlﬁpmpnfmmﬂmwﬁ' ghting funetion in & fixed
on/off mode or the weighting might be adjusicd ac-

cording ta the computed difference A thrw H of FIG.
13, or ahernately according o the rank which will be
discwmsed lator. For example the weighting given to
clement A saight be (1—a') where the function is de-
fincd by A(E-—a') where A b the valoe of element A, »'
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. :,\ 7 s A

; _ ' ls the pormalized valwe of », ie. 2+(2X maximom
sllowsble valuc of A). The muldplicr could also be used
opcrations A
Iag reduction and spatisl caluniccmont, or s a replace-
-mmmmmmmormm
Plicr {or divider) would be cofitrolled by the difference
in 249 dr the threshold compatizon outpat
“Trewma XTex,
the

8
videoo. Since any diffexence preater than 295 will proba-
bly bave a high raok it also woold be postibie to delete
29b and 275 xt a sacrifice s performance, and copdl ookt
. savings. The procesting circuit wil] compate the sver-
5 age of alt clements iaput 10 it ap in the cystem 34 of
FIG. 1) If edther the difference for an clement s '

Typical noly: reduction rofulis outpot from
. the processing meins would then be like (A - B4+C4-
‘DBEF4+A4HHA-X)4-9 where all differences are
Jems than 1, or (A-+B-+C+X)5-4 where only differ-
‘émces a, b and ¢ arc Jees thinn t or only X where all
diffénences are greater thas t. Foi spatial enhantement -

10

- vine ty};gul outpat would be (JA4XB-JO-+ED- 15 ously,
: _m+ +kG-HiH+X)+m where the coefficlents } If one: ssommes that bn the area of inspection the plo-
- are fized m :

ultiplicr constants, or Tevo s deter-

- thined by 265 and 272 aud i i1 the normabization num-
ber, i, the s of the absolate value of the coefficlents
41, corresponding 1o 30, The actued welptithhg fonc- 20

- tiom and valucs weed would depend on the quality of the spoading 1o the ares lumedistely below X, on the Line
video shgnal belng processed, I the signal wers soft doe from the preceding Seid. This point s represemed by
i the wse of & Jow quality camera for origination, spa-  * the between pixeks C and D of FIQ. 34 (or
tial enbancements woulid ba weed 1o the video  pixcl G of FIG. nnmamuwmm_m;

o TRTLpHE . veould them

" Ta FIG. 12 2 mofe acoaplos piooisting sed compati-
L. l A ju

yRon kyktim for a five tloment scheme yuch na i showsi

be 35 signal ‘ ‘
sysitin of F1G. 16 b shuilae to'that of F1G. 15, except
that 2 thresholids are outpiit from 29 2 comparisons are

made fn éach of the comparatons 27z an
.. FIG. 14, Is Dinstrated. FIG. 15 contabit the same st “circult, the X high circait 38 hes been added
" - difference computing arithmetic block, 265 corre~ 40 which conteols a video switch 284 in the X video Boe
-sponding to 262 for cach clement, the same threshold inpat to the procesing circuit 38c Tn the previcusly
tomparion system, 2% aid 275 cotresponding 1o 294 discussed circuits of FIG. 13 and FIG. 15 & has been”
fd 7o respectively, the sine ploture element mistmed that pixcl X woald always be averaged with
switchen, 285, comcsponding to 284 and the sauge the ather elements ihput to the proc circait
I corsdng clrenlt 38 corresponding to 382 10 the 43

- velected pixels m does the system of FIG, 13, FIG, 15
- ~does differ by the addition of a rank computers 357 and

© Fark to nolse reduction bevel ‘Goinparison 36a for each of this would
difference. It is the fenction of the ruik compaters 382 be ju an appYieation s sofidt siste RAM orin a
"t chmpare each differtnce a thro d to all of the other 50 0l ‘daia trancminlon channel where 8 MSB bit is

-MH?MWMMyMM‘mm ﬁﬁuﬁwhm&.hﬁndmlﬂﬂﬂﬁ&ﬂ:ﬂ
encey hﬁmn:r Ench difference is given a ok fross amplitads change occwzing on X
from 0 to N'where N is ons ket than the total nomber ‘would canse all of the maguitwda m
of differences, in this instance N3, Ror if the

. differencex had
would be 150, ince & is larger then aone of
differences, be:1, o3, d=2. It is of course
o mord differences to bave the sane
the sxma difference value. Bach differ-

11
by

ig
iz

, if the rank ix paaller than the N.R. leved
difference is xmaliey than the threshold ¢

]

if

gy
P4
3

oofresponding switch 285 for that clement s
#8id clement 10 the processing circuit
ather - hthmpr:“vhummph.w'ﬂ
or OpETROON AL 1 {
with the threshold 294 of the previons cxample, the
R Jevel 372 could be adjustablc in response to input

:

i

3T
F
g

Z

magmnitodey ofr a=3, be=d, ¢=9, dm3, 55

turn compared 10 the noises reduction 60

i COmparion.
diffexences prester than the threshald 1, thos effectively
passing phiel X to the oniput unaveraged. In the circuit-
of FIQ. 16 the magnitade
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9
piuhhpmmit.lhquﬂu!ngmkvﬂmfoﬂhcm
seduced value of X0
Bxperimeital cosults have shown the sbove procia-
- jng systam adequate for oocaslonal random gross ampli-

thde érrors, however when thes gross ampliteds errons 5

hmmhhqmykmyh%mnmﬁm
only 2 small pamber of pixels, thoss which
are clogist lo mapuitude to ench other. These close

the minimum

thagnitude: pixels vepresent brightnes
fradient or the surface contonr having the lexst mnoust 10 ;

of deflection or change within the sres wnder
mn.md!hdrumg\nmm

ph&:wﬂhinthamofﬂﬂ.?ﬁuﬂmm

gradicat
would be the gmallest magnitnde of A-H, B-G, C-F or 13

© DB which would be determined with difference cir-
<uits Hke 265 operating oo each padr of eloments and
rank computer 352 of FIG. 15, i.e, the minimum gradi-
 eokt would also have tho smallest rank. Thie cutput of the

processing system would be the sverape of those two 20
anpallest

_pixels having the differctce I X wat deter-
mined o have 2 gross error. The cirouitry which wonld
need to be xdded o the protessing Gicoit of FIG. 16 to

a minimam gradicht average i= minimal and -

wonld be an clementary desipn task to one skilled in the 25

art. Similar mnimum Yrightucss gradient cirenitry was
mwwmmhu.&mmsmmut
" should be noted however that If pixel X does not suffey
- - from gross amplitede noise, and bas = difference Jess

than threshold £, the system of either FIG, 15 or 16 will 30

. inherently compute in average of pizels because of the
cperation of the rank compotery and zank threshold

dﬂlhkmnldbcmompﬁnhndbyddeﬁngﬁ

x from the processing meana i FIGS. 15 and 16,
Wsing » different sobirahend in FEG. 13, or otherwise.

The operation of the noise reduction device has beea 55

discussed i relation to FIGS. 13, 15 and 16 in arder to

output from the main memory via a diffcreat port thos
ghving the video output 2 variable delay and cracatially
the: shility w0 perform & finehass cosToctor of synchoo-

ing clementy, For cxnmple, in FIG. 9, if pinsl C jx se-
lected the delay is 1 H miore than if pixel H is selected.

bave variable welgliing, can cause both the width ad

_ altoryalde: amplitude of, s well as the position of 30 hz

mmponmuofﬂmbmdpmmvthpcmmhda-

availsble To ong ghilled in the: st it should be obwvious
that there are minny vatiations of this system which may
bo conrructed 1o fit a glven peed, Tn'particalar o wnch
thore tlegant fystenn covld ba built which wtilizes a full
frame: deday thes Mlowing se faput pixed to be compired
with those pixch surrounding It in both the previods
ficld and the previows frame. Less or mowe than the
sugpested nine elements could also be used with a group

of central clements beng compared o & of - -
rounding clements, A system conkd also be which
allows the of one or more input plxels to a

nwmnbe of the pizel sorrounding it, but from the previ-
ous frame or a sinhiphe number of frames o felds. It
may be noted that 1o all cases the delayed element cor-
responding to hnput element X ie. that element core-
sponding to the tame point on the raster a4 X need not
be wed if 2 sufficlent nnmber of surromnding clencaty
::omnd, since jt is reazonpble to azoome that the de

yed element corresponding 0 X contalas very little
information not already contained in thote pixely which
surround it, for normal telovisdon soenes,
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| . L Apparatus for reduiiag noisc on an input tclovison & A method »s clalmed in claim 8 whertin ssid two

Video signal which condains combingd mrmounding haive & difference which

circult meany mﬂdhpﬂvﬁwmm Mgnal to s bes than the difference of sy two other focrounding

hﬂm‘m:mﬂm_ ciciment of sald video sigial tamples a5 determined by a farther comparison step.
at

the sitroundiag plctare elements of 5 T.AmcmuduchhdthmSMHdm

.rbtpmﬂwmuummqmd_uumm 10 % The method of clalm § wherein l;‘:l:;lnmdhg

signal i outpot from said dﬂqmimﬂwhtw!}mmtmdnpluhgagim
2, Appacatus for reducing nokse o an input telovison withammblnﬁmntoﬂwpl:dainmummd
video slpmal which oontaing & comp 20 comparison 1o said reference, aid combination repre-
mm&’?ﬂummmm senting & nolse recuced given
Compare: a contral pichire clcment of sid video : 19, The method fox reducinp noise of clatm 9 whicrein
10 st Jeaxt one of the elawentt of  the twa pixals bei compared t0 determing ihe Jiffer-
said video signal to deterintne tha thereof and ence thereof are different than the given

ing clement and said coutrad dlemcat if sald difference 12. The method of claim 9 wherein the glven pixel iy
corrcsponiding to taid element is less than  Jocated betwess two

~sadd threshold, with gid portion of aid ing 30 13, The mcthod of clsim # whebein the glven pixel
welement being decreated which decreased and compared pixels are each ont & separatc gcan oo

wranked according to thelr respective differences with pixchk to Hethicr a4 betwern
. sonly anuinber of sald sucrownding elements which have 40 cach of such other pixels and the given pixel bs loss than

- the smallest differencey belng summed with said céntral a reference threshold level, combining sald given phesl -

) dmmwﬂahnmbmofmundingdmhmyh and thosc other pixcls that are within ssid roference

. by ’ :

& sanber set by ah opUrMtor of may be responsive to thréshold level of sald glven the total number of
sald inpnt video signa) in delayed or wodelayed E;dﬂgnahmedh%' , varying and output-~
: 43 the combination, thiy combination the

i aa claiméd in claim 2 wherein the nitg- apparct sigmal o nolse ratly of the video signal.
Yer of sald surrounding coinbined b reépon- 16. Method as claimed in ¢l 15 whereln said com-
sive to the amonnt of nokse o tald Input video gualin @ binstions includes #ald given plxel and those
delayed or undelayed other plxels within said reference of sald

* slgnal syitem with said method containing » comparison i
» step 10 compare  oentral video elenvent of gaid video other differences vo determing which of said other e
wlm-Mormomnvﬁpndmh_mmmdhg ments has the smallest corresgionding differcince and

clessenty ‘ 3 a ceptral

penl ocnring when said contral video slement pizsl to sdfacent pixch to determine whether the abog-

- lﬁﬂ&:ﬁmnﬁdtwnurmuftbcmubdm- mmummmm&mm
oy ‘fouading clements by more than @id threihold, mtphchuﬂthcmhulpixdh'lﬁsthunidlﬂq-
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mwmmmmwdm
- gl:: those adjacent pixels that are within
threshald level of sad centead plxed, thic
mulnmﬂmofphdﬂ grabs weed in computing this

and outputing this averajze &t the valae 35

of said cesral pixc, this averaging incressing the appar-

central

4,573,070

14
whether the differssice between each of such sarroond-
ng pixels sad the contral piaed b lecx than xald reference
threshold leved, means t0 averape said central pixel and
AVerage meand 10
mmthhnwmﬂwwhmufmdmﬂﬂ:ﬁd\k

sveraping incressing the apparent 1o nolse ratio
of the vidéo dgnil. signal

rd‘umtnmhold the lovel of B WA for ped nokee: of
inga comparing A pratatus ncing ou & group of pixels

pi:dmthchvehdlplunﬂtynfﬂummnd

.jug pixels 10 determine whether the sbevlote value of .
-mmmm«m

and the central phic] s Jess than sald réference
pixels that are within sdd threshold refesence Jevel
said level of sald central pixel plus the level of sald
coniputing the number of plxela snmmed,

E

of establishing a referonca threash-

Jovels of & plurality of the adjaccat plaels to detentin
whether the absolute value of the difference between

pomber to deétermine a valie for the Jevels

ﬂﬁmihrphﬁk.midwﬁmﬂngiﬂdvﬂm[wuﬂﬂntﬂ_

phd,tﬂspmmduningthenppnmznﬂimoffhe

threshold
the sum of the levels of said surrosd- 15

the level of a first phxed to the 25

ficin a video signal i
meaps, pesponsive o the difference between a piven
pixdnd:tlnﬂmuthﬁtthﬂhmmpﬂuﬁddﬂ&b

a combination of two or more
plxels for sid given pixel In response to said compari-
o ’ .

23. A method For nolise on s set of pixels

60 Teplaco he thind plxel,
8. The method for poisc of claim 27
wiestin the third uei pixel Is also used in the

seference,
M.Thﬂmcthndnfolnml!wbudntﬂdlﬁtnfphck
consfits of threo piscls haken fiom three consecutive

barug phid
_mwummmmmdmm;lg- i SLT‘hcmhudofchimHm\einddmmbium

2L An apporstus for reduciog moite on & seried of
pixcls dexived fiom & video signal, sabd apparatns
Pprising means to compare & given pixel to other pixels to

determine whether or not the differemcs between each 55 ond pinel, and further ncloding

- of rch gther pixeds and the plven pixel Is less thim &
relerence threshold level, and means to compute s

. g:a,memmofpnaammdhmmm represented in
ing this average varying

com- |

of pixels is made such that nofse is redweed on the color
sobeartier,

32 The method of claim 25 wherein determining said
difference inclhudet tobtracting » first o & 3&c-
g the atwolits

nmmamnmmmm—,
clude the color sbcaziar of sn NTSC video signsl,
M, The method of claim 25 wherein ssdd pixels ave -
digital form.
ﬁﬂnmﬂnﬂddsﬁn:ﬁwﬁuﬁudﬂﬁ:ﬂ:m
In amlog form.
MAneﬂmdformdudngmhﬂmnvidmmﬂ
the seps of selacting nelghbaring pictnre

cotoptising
23. An apparsins for reducing nolse on & serics of 65 clements from the sigoal, examining salid clements to

lﬂ:ekdemadﬁmnwdmugn:lnumpﬂﬂugmmof
exiablishing & réference thoeshiold lovel, means of com-
" paring & centrsl pixed to surrowting pixels to determine

dcterinine their respectlve levels, ranking sald elcmits-
acoorditng b0 their ropective Tevels, combining all said
dﬂnmﬂuiﬂﬂulchmmrmkﬁoprﬂdmlw
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- POCEES-
increasing the apparent signal 10 nolse ratio
h"l?ﬁuoﬂgﬂl. o of the

b i

37, A method for roducing notse video o

WMWWIJ&M :
; sald

‘said réference of eachi otber, thils incressing the appar- 30

ént signal to noise matio of the video signal.

39, A miethod for veducing nolse on a video signal
Compeizing the sleps of a first and neighboring
filkctore clements from the signal, exmnining said ele-
mehis 1o determing their sefting a 35

- apparent signal 1o gobe ratio of the video dgnal
40, A methid for teducing nofse on & video signal 45

et o ] kot perboring |

-‘iqgﬂm prnt " ll‘ufemmu.domp:;

50

4,573,070

of aid chomnents are disadmblar by mors than sald refey-
of sald clements that are within sald refirence of each
other, to produce » replacement value and
mwmdmdmmm
whthin ssid reference of each other in plsce of one of
said clements that jx disstmilir by more than sabd sefer-
ence of the others of mid clements, this procos mcreas-
ing th; apparent signal to nobee satio of thie video szl
41, A method for reducing woise on a viden signal

neiphboting clements and said combination

ﬂhidﬁndghborhgdm Tﬂﬂﬂﬂdﬁlﬂdﬂ-
process apparent signsl

molss tatio of the video slgual, bt

com ) .
L N I Y N




.‘ bl -
e oo

United States Patent n

Case: 1:03-cv-06566 Document #: 1 Filed: 09/16/03 Page 43 gso PagelD #:43

i1} Paient Numiber: 4,723,166
s} Date of Patent: ‘

~{75) ¥oventor;  Bayd L, Stestten, Woodside, Calif.

21} Appl. Nos 850,956 :

‘2] Fiked: Ape. 11, 1986

51} Int 014 HMN 5/213
' i vs. Q. . ' 3sr/167
 Field of Search suvusennnsa 358/36, 167, 963, 37,
3587164, 163, 160

' -136) " Refaesoes Clied

" U.8. PATENT DOCUMENTS

4064530 12/197T Kalses 35836
. A 249310 mm Swouey . 3587167
A206A36 1/IN]  Achiba — 3507108
-&,367.400 mm mm......_.....,swm-

Primary Examiner—Tommy P, Chin

i AMM#M:—MW&M

noiss detector b to video slpnals during & non-
picture portion for providiag & nobse sigaal baving a
tive of the R Yevel oo

tiom of tye difference signal and the noise level signal
10 Clakes, 10 Drswing Figmres

'l—-.-a-u-rﬂ-u- — - —_—-_-_'_——-J




' Case: 1:03-cv-06566 Document #: 1 Filed: 09/16/03 Page 44 of 60 PagelD #:44

. N - ‘ . .
- US. Patent Fébtz,:m Shoet 1 0f3 _4,?23,166'

. ¥ 712 -
- - o 1 1 ‘ ] BACK, * i
_mpm_,_,__ﬂﬂg : o] PORCH A/D {

. ' | FLIER o] CAMP | | CONVERIER |
poRsT ] ! sme. MNa ELOCK—
JoerECTOR DETECTOR -
veo |-
. - VOO ]
_ W | W
:I:IG-' e et g
, S ) CHROMA | 1 ,-200
: B i - FIF0. ""“‘—"mg,wmm v
| 2oy | . 77 |
£ i - 02 209 |
Ll 7] T A
B 1o e e Vo oy
e il O e B

b oo it o e

Rl




—

. case: 1:03-0\}-06566bcument #: 1 Filed: 09/16/03 Page 45 io PagelD #:45

US. Patent. Fo.2,108  sweezors 4723366

e 1 _rig.

11 4FP a
-z A

' F16.3B

S — ' F16.3C




Case: 1:03-cv-06566 acumen't #: 1 Filed: 09/16/03 Page 46 io PagelD #:46
 US. Patent’  Feb.2,1988 . Sheet3of3 4,723,166

Tputieran
1 Myt

T T A

| &L:// +—'—“: PaL. — —a]
I-.-Inz
R ¥ il

2%/%% 1] | FIG..B'

Wk

T3

Br

HIGH - ;

' 7

1

208
of3 BIT MIX CONTROL BUS — .. - 1

z0 .
FRAME DELAYED SIAL_ T+ m_"nﬂmu- '
lo o | . PROM




Case: 1:03-cv-06566 Bcument #: 1 Filed: 09/16/03 Page 47 io PagelD #:47

. 4,723,166 L :
1 2 :

NOISE ADJUSTED RECURSIVE FILTER, | noise in the video signal

BACEGROUND OF THE INVENTION muxﬁwmmmmﬁ
This Snvention relates to the art of processing video 3 djmted pobso 23 measared during & nonpictare
" . signals aud, more particalarly, to improvements in ro- portion of the video signal,

Recursive filters aro known ki the art and an cxsmple  ProVidod a ucie adjusted recursive filkering appartus
 Awkes tho forms of tho U.5. patent 10 A, Kascs 4 sl U5, 07 provessing video signals havins pictare portions snd
Put. No. 4,064,930, The recursive ler described therp 10 predetermined nonpictors portions. The noise detector
serves o reducs noise-in a color telovition dgpal, even "Wﬁ"h*ﬂﬂwwdﬂhamm
. in-the presence of motion between suceessive frames. _W'u“ providing a nojse signal having » magnitade

“The system inclades  delay or fame storage devies for - of the sverage noise level on the video
signal. A recursdve fiker 1s for the
gtmhg-ﬁ:mmmnmm.wmu_“ eyt P‘W'ﬂﬂ: ﬁwﬁnzh
delaying the video signal, together with means for de-

signal 4o » fractions) porton of thepreseatoe 0 WER e e T
dvaﬁuumdhopmﬂvum mc:.:gum mﬂﬂ'mwmwhmpm
responddy to the differcaco a3 well 13 the noise

: : ' Tha foregoing and other ohjects aud sdvaninges of -
the scriving signal and tho stored -Ewavs. Motion is ., - .
o s v ™ e v o i

a3 the picture : of the invention 23 taken Jn conjunction with the scoom-
focut thirough the syskcm, sid in response to the evalus- 0 vbs drowings which ere s part hiereof snd whereiss
. tiom of such motion aliers the-contribution of the stored
"past sigaaly 10 the nokie reduced video output dgnsl. It

stoned porst sigmals is ly different in amplitnde FIG: 3 I3 & scheanitic-block lasteation of
ﬂ“‘“&ﬂ“‘“ﬁ“mﬁﬁwm the  the syna deticior shown in the block disgram of FIG. 1;
| e hkmh I’iﬂ“‘mﬁ mlmﬂd piex " FIOS. 3A-3D are waveforms nseful in describing the
; I the Kaber ot al, system, supra, no provision is FIO. 4 i & waveform relating to the operation of the

differenco between the stored and the present signals. 45 FIG, 6 iy 2 schematioblock illnstration of
To the contrary, Kaiscr t al. provides only for adivst-  the logic circit fiustrated Jn FIG. 1; and
ment of the fractional amplitnde portion of the stored - FIG, 7-is 2 schematic-block illnstration of
m:mnmimurghed;ﬂumbammm thie signal miber itesteated in FIG. 1.
nhEﬁE‘mghwnm ' noiss measare- 44 DESCRIPTION OF PREFERRED EMBODIMENT
mea clrcuit in conjunction with a video nolsoreduction. — * Referenice by now made 0 the drawings for porposes
system ax I described in the patent to R. Storey et al,  of presenting & preferred embodiment of the invention
. U8, Pat. No. 4,249,210 Storey asome-  oply snd not for purposes of liwiting same, Refereicn is
what different filtesing than that of » St In  now made to FIG. 1 which jinstrates a portion of an

Storey et al., asignal is devived from s preceding outiut 50 knput processor cincuit of a frame synchronizer for
sigzal and Iy then subteacted fivin the npot sigea] for mmmmmmmhpﬁ
thamruﬁ:ldmﬂ?whha‘dmﬂmﬁmm by a low pam filier 10, which o this exampls iy be
. #mplitnde portions of the difference signal are atteaw- . cousldered 49 passing signals up 40 a frequency of 3.5
ated relativo 40 the high _potiions thereol MEz Thix bs within the tange of oporstion of s soalog-
mmmmhmmgmss to-digitsl converter 12 which converts the annlop vidoo
- Cuipet signal to provide & new vutpot signal for the.  signal Into a teatn of § bit dighinl ssmples which may be
. swrreat field. "'Whils the system operaes ditferently than  sopplied to & frame stocage for ssbsequent nse. Prior to
that of Kasliex, Stovey et al. pevertheless contamplates the video signal being applicd 10 the

. . portion

) _ employed in 30 wdesired level. Scmetimes aback porch clamp circuit
aftenmating the difference sgnal 23 & fonclion of the  bs referred to =3 2 DC restorer and hoth tevms may be
: : - tion, & video sigosl Is clamped t0 a DC Jevel on the
: 65 order of —20 volis in the back porch portion of the
i i3 s object of the present fovention to provide  video signal. The intelligence or picture content poction

: {0 a recursive filler system 3o that the  of the video signal will then vary between -2 volts and

© portion of a difference fignal which s addeil 1o the 0 volts which s within the opersting range of the ana-
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Jog-to-dightal conveter. In some applications, the video  of the feguency band of the vidoo signal. ‘The fitered
aignal may be clamped W gronnd level or some other  video signal is then possed by a buffer 32 and a capacitor
desired signal level. Additiogally, the circnitry in FIG, 34 w the negative input of a comparator 36 which oper-
Ainclndes abirst detector 16, which may baofconven-  ates a3 a sync slicer. This comparator 36 compares the
tional design, and  tync detector 18, which is conven- 3 filtered video signal with x threshold for the pusposes of
tioaally employed for supplying timing information to s recovering the syno signal from the filtered video sig.
woltage controlled oscillator 20 which, lntwm, provides  asl, This may be appreciated with reforence to the
* tlock pulics to optisle the analog-to-digital couvirizer  waveforns i FIGS. 3A and 3B. ‘
1L

- it takes the form of a frane recursive Gt & poich and’ this syno sigral B referved to m the
signal mizer 202, & frame memiory 204, & chrosss fn- 15 sync tip ST. Conventionslly, the front porch portion-
Verter 206 axd an asynchronous first-oot mem-  anid the back porch pontion are st the sama DC sigat
ory bulfler 208 intercomntcted a3 Blustrated in FIO. L level, such ss ground. The tip is also mainiained st
This digital nolse reducer s s frame recomive filker & comstant level which i negative with
wherrin each pizel of 2 stored image in the frame mem-  respoct o the front porch or back porch portions,
ory 204 is sted once pet frame by piix- 20 The E a theeshold
ing it a1 & signal mixer 242 with incq data obtuinéd  signal with the filtered composite video signal in order

the analog-ko-Spital comverter 12, with the lncon-  #0 recgver or ddtect the horizonisl signal
data o the sama plzel location. The  and produce a hordzontal sync signal Hy in accordsnce
ix ratio employed will control the of therewith (¢ FIG. 3B). The threshold in F13. 1 is

vj vention, the front pauel comtrol settings are combined  path so that the Gttered video dipsal may be
with measured nofte obtained from & noise detectar 35 sampled and stored in 46, The sampled volt:

cironit Jocated within the sync detector 18 A Jogic - 'Wﬂmdﬁhh@ﬂpmﬂdm

ciruit 210, to be described in grester detail hercinafter, tignal. The A6 charges toward this level

xcombines the mieksured noise with the front panel con-. and the charge of the capacitor i buffered through
hﬂmmmby-piﬂd:ﬂ'mbﬁmm buffer 44 and applicd acrom the voltage divider consdxt-

stored and input i ako used to obtain tlie mix 40 $ag of resisiors-40 and 43 1o provide & threshold level to

;
|
;
y
/
y
E
;
i
i
:

]
3

the chroms differcsce be-  Jevel o thaeshold may be called the shice leved SLA.

‘tweea the input and the frame-delayed signals prior o This is iltestrated in PIG. JA a3 being midway between
mizing the st mizer thiit of the beck porch portion BP and the ayne tip
Reference Is uow made to FIG, 2 which pravides s portion 5T, Por example, If the back porch porthon BE

anore detailed ilinvtration of the sync detector 18 in 65 iz st 0 volix and the sync tip portion ST & sormally st
'FIG. 1. The video signal s firat passed through 4 low =10 voits, then the threshold or shce level SLA may
pass filter 30 which, for cxample, passes signals having be sct it —0L5 volts. Conscquently, sa tha video signal
afrequency up to 1.5 M. This, then, is a sauill portion btcomes more negative than the threshold or slice level
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_ ‘wwplifier 3 will go positive and  illustrated as simygle mechanical switches, thoy, fiz prac-
pusitive o provide the hodzontal sync sigeal Hs  tice; would soemally taks the form of solid state
ustl the video sync signal once agnin increases pos- switches operated in a well known manner. The noise
tively toward the back porch lovel and becomes move detector 70 i discussed in greater detall with reference

i
£
;
‘%m

positive than the threshold or shice level SLA. Thisds 3 w FIG. 6.

iiinstrated In FIGS. 3A and 38. The discusstion thas far Reference is now made to FIG, 8 which ilustmtes

ansumes that there 3y 0o noise 10 contend-with during  the nolso detecior in greater detail. This detoctor

Ahe hotfrontal yyne bo considered at an mualog iniltiplier filtcred at s lnput
4

wsmned o be constant lavel in- and Inown =3 their Model
chuding the front poreh FP, the sync tip ST, and the  MC1495. The ) 80 is taken froun the
back porch BP, a3 well as the transitions betwesn these ouipat of beffct 44 (FIG. 2) and § supplied to anfiliered
evils. The Nokse inchades peiks and valleys which may X+ and 'V fopas of the . The from
cross the nowmal afice feved SLA at times 'which will 13 boffer 44 is abo x yesivior KX and u
create a fakes indication of » hoginontal capacitor B4 1o ground. The junction of reyistor 82 and
vovery. For exsnple, & aobe valley point 807 FIG. 4 . - capacitor 84 A fiktered second input 1o the X—
b clendy more negative than the alice level STA. and z0d Y — fuputs of the multiplier 80, The muoltiplier ef-
this would canse the syno dicer 36 10 eqcroneonsly pro- between the inpats

e hs een yuoitg  and this 5 supplicd to an operational amplifier 86 with.
such ag that illustrated in FIO, 4 cas provide errooeons 35 ia ountput being supplied to o Bter ncluding resistor 88
hockrontad syne recovery inf and = capacitor 90 taken 40 pround. ‘The signal across

In accordance with the ebodiment ‘Hilustrated in.  resistor 83 fncowations of the signal at

mmmmmmmummam_gﬁ then, provides an

_FIG. 4, in the presence of noise, the negative going output -V which represénts the average nobse aver

. ‘valley point 60 while baing more negative than sice several lines of video information, A negative owtpat
) mm.AhnotmunbmﬁmMmommuhd =V iy be obtadned with an loverter amplifier 87

- the videno becomes more positive, it will excecd 40 ratlo. The logic circuit 210 aed the signal mizer 202 are
thiat of the offict slice lovel SLI, cavsing  terminationof illusirated hereinafter with reference to
tha hoxi syna sigual. This operation isschieved by  FIGS. 6 and 7 A :
~auploying' & noise detector g information 0 Relexenon iy now made to FIG. 6 which fhastrates
maddn'g:gm ufﬂupmdﬁuminadmnphu:um Lm'['hnhgiu ey hmmm“hm&-
- oos poar- 4% 1, circuit a4 " s twp inputy

- tions of the video signal, . takien as the valiltered and filtered soisd mexsrements;

be added or sublracted to the normsl slics avel SILA comparators may ba fefcxred 10 a4 threshold levels TLI,
ummlﬁoﬁrmhvdﬁmdmuwith'm ?mmmmwmmmnﬁ'
moise. Both of these offset sdjostiscrts s sup- 33 potestiometers 226, 228 and 130, respectively. The
:&dﬂﬂpﬂwﬁmn{ﬁnmuﬂwuwm threshold levels are sct such that an outpyt is obiaincd

betng grester than —ﬂdb].MIddiﬂmﬂmpuﬂaqr
) catpat of tho ﬁzhumlillxnfwrmdvhgﬁqmmm
Ayn aficer 36 it at grownd potential (during the from 65 signal and- is compared with a threaliold level T1LA

--porchottack porch portlons) the switch T fsopenand  obdafoed From a potentiometer 234, This threshokd is set
. awitch T6becomes closed by way of s inverier 78, It b i
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 outpats of comparaters 230, 222, 224 end 232 are sup-  0-100% depending on the desived mix ratic) which js
jplied to & proprassmable srmay loglo (PAL) civenit 240.  then added o fnput signal. Thus, dependiog on the
The PAL logie circuit with front panel  proportion-of the differencs which is added, the outpot

- signsl can take on sny value between the inpat signsl
5 nod the frame

i
H
I
Eg‘i’
I
¥

J250, 252, 154 nnd 256 t0 & B+ voltaga supply soorce. Although the invention hos beem describelh fn con-
i} mmmﬁhm:jmmmm&n Juncalon with & preferred embodinwat, it i 10 e vnder-
— o ‘mm&fm M&mﬂw and mﬂ’:imn tion
sured nolse approaches - 20-db, s departing tpirit and scope veation as
iweninsted wh:_hmﬂmm:{ﬂm ge of 10 defined by the claims. )
¢ w2 to —30 ¢

Diode 246 is illvminated when the Having described 4 rpecific preferred embodiment of

“measurcd soise it in the ange of —3010 «40db. Alsa, ~ -the inveution, the following h claimed: -

A 243 1y illominated when the measored nolse §s in L. A noise sdjusted recunsive filtering spparstus for
T wmotes of —40'db. : ' processing each of & plunality of succcitive video slgs
The operstor Is provided with front pancl control 15 nals oach a ploture portion and predescrined

setthngs t0 adjust the mix ratio of the digital nolse noupictore

portions

supplied to the PAL chroult 240 with ench inpot carry- thereof for providisg » oise having n magni-
] d loubhtlryt)kvd're?imﬁemﬂw&fm mdnmprcmhﬂwo:anbhahvd,mm:dvidm
- "OFF ks ladlcative that all pizek topize] differences will  roesive !'mwmmmtuhgmuumvmm
. ' mmmmmmmmuu

_ LO is indicative that sbove this setting, pixcl-to-pixel 25 bebwern zaid delayed video signal and & soccessive

diffcrences will be conddered as motiom and ot nolse. andzinyed ons of said video INeAR3 TEspon-
-+ Bimilnrly, the setting of MED. h indicative that o some sive to i} difference and sald noise signal for

" bigher noie level than 143, the operaiion will assupwe providing a factional i of said differesco s

that plxed-to-pixe] differencet of this level will be con- # comection signal, and mesns for adding mid cor-

_sidered ax motion and not nofsc. Similualy, & selectlon of 30 rection algoal to sald wedclayed video signal to
" H b indicative that a Jevel greater than that for MED. provide sn output spmal.

- Ppixed-to-pined-differences will be constidored as motion 2. Apparatus a3 act forth in claing 1 wherein sald pre-
- nid ot nobse. The FAY, cdrcnit 240 combing the faputs determinsd nonpictare portions Include st least a front
wmmmmmmmm pmh.pmum‘;.“awmﬁpporﬂqnmdam?mnh

grester Hlustration of the mizer 203 thap thae 3, Apparatus as set forth in clsim 2 facinding nokse
Thustrated in FIG. 1. The elght bit frame o level ing means for o said nolsa signal
gbtained from the: frazue 204 h supplied fo the 40 with a plucality of nofse reference levels and providing

: tobe appreciated video signal and Apparntuy: as set forth in claim 5 including Jogic
the fraone delayed video dymal are mixed in ' means interconnected with the ootput of esch- of said
‘which npon the thres bit Obisined €0 comparator means for providing s mwlti-bit digieal sig.
froim bus. This i 2 fanction of the front  nal having abit patiem which varies as & fanction of the
- paoedd switch codivol-sctting 33 well as the nolse level of noite bovels a3 determined by sald pharsbity of compars-
the japut slgnal, w5 sueasared by the noise detector 70, tor mesos, '
'The mix proportion for any given pixel also depends on ‘7. Appatatus ux set forth in chaim 6 wheretn said cor-
the i Mm.m_m%mﬁmﬂmmmmm“mmﬂe .
- slgal and foput signal s detected by the signal. memory means for siocing 2 plurality of correction

. inverter 272 and ADDER 270. The mix control PROM.  signals ax moltl-bit correction signals st sddressable
. 274 outputs some part of the difference signal (from locations within sald mervory means,
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© . Apparatus a3 set forth In claim 7 includiog anslog- mmmmmmm
- to-dightsl couverting means coupled to said recarsive  means o obtsia therefrom vae of sald malti-bit comec-
filter menns for converting cach sald plcture poction of . fion signsls haviag a valar which ks & parceatage of said

" of
' apid undelayed sonbibbit video siguals and one of said  Weans for adding said corzection signal 10 said node-
delxyed mompi-bit video signals to provide 3 malti-bit 10 layed video signal is-s dighal adder mesns for adding
9. Apparatus as sct forth fu cdaim 8 including circeit  bit correction signal to provide & nulti-bis video ontput
xiid mul note Jevel signal to said addressable men- LIS I N
1y - N
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1

ADAPTIVE COMB FILYERING SYSTEM FOR
PROCESSING VIDEQ SIGNALS

‘ RELATED APPLICATIONS
This application i relaed 0 my co-pending V.5,
application Scr. No, 850,956, filed Apr, 11, 1985 and
éntitled “Waise Rectsive Filter™ now TLS,
Pat, No. %,723,166 issued Feb, 2, 1981,

BACEGROUNIY OF THR INVENTION

- This invention relatey to the art of processing video
digikls and, moce pacticulardy, to lnprovement in fil-
terlng video sigoals,

Filtzrs arc known in the art aod may be ciployed for
&lépnnﬁngﬁehmlnmmm

A

SOHnE-

some high frequency lominance componepty, Adaptive
comb filters ara known which opérate Ju cartain coadi-
Hows o provide a chrominance component relatively
_frea of Jumdnance: comporsents.

These are typically referred to 43 the main or middl:
{M) litiz component and two vertically adjacent line

- “componénts referved to a3 the top (T} sad bottom (B)

componcntt. The middle (M) compouent and the top
{T) componcnt are respectively delayed by one und two
- hoiirontil Yines rclative to-the botom (B component.
" The: chwominance signal roveries in plase from line-to-

4,803,547

2
chrominance oatpt signal. Sach traacition detectors
are disclozed, for caample, in the U5 Pat, Mo,
4,050,084, to Rosed, and ULS. Pat. No. 4,072,984 10 Kal-
ser, Kalser's tramsition detoctor makes the selection of
combed chroma o bandpass fillved chroma on the
basls of vertical plcture dethil or vertical trassition only.
Horizontal transition k oot considered. Rossi’s transi-
tion detecior makes the sclection bazed on vertical tran-
sitions between the middle (M) Line and the top (T) line

10 and between the middle (M) line and the botsom (B) line

15

. copponent,
times referied to w4 the filtered chuoins, docs include M.

40

componcnts are combined in the 45

. ;npﬂmdcqﬁxuan+Mh-M$¢m.lh%
cancciicd 0 theichy derfve negative
cluominance compoasat at twice its valee, Le, —2C,

CThis desived chromdnance i # sometimes

compaonent
teferred to as tho combed chromn, which i obistucd 50

from the adaptive comh filler, as opposed to the fiteed
clroma. The thiret ilne compoaents B, T, and M may
alyo be combined n such a mamer that the choomi-
masce canocks out leaving only the derived luminance

cOmponent.,

The sepacation and cancellation technique desoribed
shove situmes there arc no changes or transitioas in
- picture detadl from top to bottom through three suoces-
sive linex. I sobsinmtial vertical tramsitions do take-

phace, then smearing of the pleture oconrs in the vertical 60
dlcection, prescnting

a loes in vestical piciure detsl, Ta
wich cate, the coub flter is made nopomtive and e
WWEM'MWMuM'
P A

" ‘The prior art includes trapsttion detestors which 65

. serve to deterdiine whether ther 1 a snfficient vertical
pletore detail or vertics] tramition 1o sutomaticadly
seleet the combed chroma or the fitered chroms as the

b

slong with & botizemntal transition botween sn undeiayed

toaizitions  ace sompared
agalust & refvcnco and based an the comparisons, the
detector selects either n combed chroma or & bandpass
filtered chroma to sefve sa the oufpat chrominance

In the presence of vertical transitions, the comb flter
algoaithr beging to breakdown, in that the hninance
sighal docs not canced out, and chroma transitions se

the output chrominance signal should be obtuined by
bandpaet Glering only, or by = comb flter. Thua, IF
thero i more horipeomtal detail, thea combing will pre-
sxve the horizoatal detall with Ettde loss of vertical
detail. T there: i3 more vertical dotail, the vertical deeadl
may be preseived by bandpass Giltering. By conmparing
vertical trandtions against horfrontal transitions, a de-
términation can be made s to which process, combing
or bandpass fltering, will best preserve pioture Jetid,
SUMMARY OF THE INVENTION

It is an object of tha present invention, to provide
improvements tn filtecs of the nature discissed above
wherein & tramsition detcotor compares vertical snd
borizcatal transiiong in deciding whether to utilize the
cotnb fiftered owtput or the bimdpassed filtered ouiput
as the chrominance ontput signal. .

In socardance with the present {nvention, an adaptive
comb Oltoring ayvtem Is employed for sepanating the
heminance sd chrominence cotuponents of the oom-
posite video signal which includes & plncality of mecoes-
siva horizontal television scap ¥nes, The vidoo signal Is

- sepaeated b & widdle (M) scan B component and

vertically adjaccut top (T) and bottorn (B) scan line
componcnts. These components are bilized for dediv.
Ing therefrom a combed chroma signel, An encombed
chroma signal is derived from one of the componcats, A
tramaition detector selects a1 a chrominance ontput sy-
nal either the combed chranxa sigeal oc the encombed
chroms signal in dependence upon e point-by-point
ampiinde comparison of any vertical transitlany to any -
hordzontal transitions.

BRIEF DESCRIPTION OF THE DRAWINGS

The forooging and other objocts and advantages of
the invention will become more readily apperent

the following description of the prefarred cwbodiment
of the invention as taken In conjenction with the accom-

panying drawings which are a part beyeof and wherein:
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3 ‘
. FIG, 1 15 a block dingram illustration of a frame ic-
curstve filicr which may be emploved in conjenction
with the present iavention; awd
FIG. 1 i3 a schematio-block disgram illastration of

DESCR.IPTIDNOFAPREI;’ERRED
© EMBODIMENT
Eeference iy ngw made o l.heduwinp which are 10
presented for of L
wmammmwmwmpwor

hexvily
Differencea which are Intge are stsomed to ba the reruit
of motion in the plcture, and sre Hghdly fltered.
" The eight bit frame
fratne memocy 14 ks supplicd &0 the digoal mixer by way

converter 12 k supplicd to

the sccond input of ADDER 22 by way of an inverter 53

24 such that the output as tnkea from ADDER 22 repre- -
sents the difference between the frame delhyed signal
and the lnput dgnal, This differsoce signal is supplicd as
a nine bit sddress to & mix conitrol PROM 26 The mix

control PROM 26 outputs an eipht bié shgnal which isa 60

fractional part of the nlne bit diffcrence signal from
- ADDER 12 The output of PROM 24 &5 sdded to the
- Tograt video sigral by meams of an ADDER 24 to pro-
vide an cight bit

output.
Becanse the cliroma signal phase changes 1807 be- 65

tween one frams and the next in an NTSC video signal,
.2 chroma inverter 18 is cploycd in the frame delayed
data path (stherwise, the chicma gignat would be lost in

-delay the

delayed signal obtained from the 50

. - 4 B
the mixing process). The chooma inverter 18 i5 an adapt-

posite signal st ADDER 32 This chrominance slgmal i
&ither a combed chroma signal or is 2 bandpass filtered
signal which has not besn combed, A transition detec- |
totdmmhuwhinhnfthﬁntwo:igmhwﬂlbﬁm

‘phoryed mi the owtpat chrominance signal.

The adaptive: filter employa circuitry for separating
the Altered composite sigoal into a middle (M) scan line

componcnt sad vertically adjacent top (T) and bottom

(i) scan Hue components. Thix is achleved through the
use of one line delayk 40 and 42, each of which serves o
tignal by oue telovision line which is on
the order of §3.5 microscconds, This, then, provides an
undelayed bottom line component H, & ons Hine delayed
middle ine component M and & two line delayed top
Hoe componcnt T, Anhvmﬂhlommhthndpd
path between delay 49 and delay 47 30 that the middle
lmmpunmhhvmdinphmuumpom.tﬁ
nmmmhputo!nADDBRHTheumof
the ﬂhinmhdbynhmﬂnumlupply
a ponjnversed Hine compoacnt T to the second input of
ADDHER 44 This adder provides an output of one-half
of tha sum of components T and B In accovdance with
mlﬁnnﬂ+m1'hhdpﬂhthmwppﬂodm|n-
other ADJDER. 46, which receives the invertad middic
ﬁmmmt—l&ﬂbﬂkﬁpmﬂamoﬂput
corresponding o (T4+B)2—M which serves o8 the
combid clrama output of the adaplive fiter. Tu the
mﬂvwﬁnﬂmﬁﬂm&cmmT Bmd
M can be chacpoterized ps:

M=L+41‘&HthhnhhnnCﬂﬂmnmu

T=L=C

B=L~C




Case: 1:03-cv-06566 3cument #: 1 Filed: 09/16/03 Page 57 ﬁo PagelD #:57
| : .

a0 s {T4BW2-L—C,

2l (T B2 M =30

The uacomlrid fltered cutput will be provided due.

hgperlndant‘irmﬂﬂmudﬁmﬂdbyﬂutﬁnﬁﬂm‘

» 'This outpat tay take the form of &
filtered signa! only, no cambing invalved. This is ob-

5 nommally closed switoh

| 4,803,547

6 .
borkzgital twansition. comparatos 74 suppliey 2 conirol
signal m&nmﬁmﬂﬂ?ﬁwb&hmm wﬁch. itch 2
m.mmmmmmwmqm-
ar the clirominance dgopl The comparstor may be

3 constrocted 50 &% (o bave an offict favoring either tha

of vertical trwusidon in the ma-
combed signal —IM on the: combed signal —20.
luthadm:ipﬂonﬂmh:.ﬂmndmhufwhmlm to
outpot a3 the chrominauce signal the combed signal

¥ —2C or the uncombed sigual —2M has been automacic.

It may be desirsble in cerisin applications to override

tlon, slnce Wgh freqoency 1 ‘

Iaveried along with the chroms, Low funat. botlom (B) scan Hne components;

hmnce e by the Giiter 30 40  Means respeinsive 19 sald middle, top and bottom scan

u%hhmo,dnmmpdr% Ene componcnts for deiving a oombed chroma
. : 0 g of AD-

DHRSHMHADDERG@M%E mlﬂfd!dﬂiﬂngﬁummafuﬂmﬂmmpo-

middle ling x ~M from litverter 43, The com- nents an ancombed chrome signal; and

poncnt —M is “'Elnﬂdm'mplﬂlﬂdﬂ-“nd 45 signal selection oonivol scans for selecting as & chro-
then tnverted by an inverter 68 00 a to an b minance sigasl cither sald combed chvoma

phass dilayed coniponent MT to ADDER 61, ADDER

transition of two of sid scan oo components to
any hockbomtal transition of oac of sald scan Eine

ZFMMHMNM wherein sald signal
et | ald

Mmmmmhm
ﬁﬂ'wmm“mmmmd

3 A sysiem a3 set forth in cluim 2 wherein said two
mﬁqﬂmmbanmquumMmmmnm
4. A vystem s set focth in olsiva 1 inclucing meass for
delaying yaid M middle scan line: component to provide
a delayed middle scan Eoe component M* snd mexns for
ponent compotent M to provids g
- system ps it forth in claim 4 including means for
poneat bettonn scan line compo
- peovide snid vextical oransithon, neatB o

L
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© & Asystemi a2 ict forth in clain 5 lchding for  sctutable ing for selectin
means ';:tputaigmhdmﬂm B

compariog said vetical transition with aid horizoatal ‘ signal or sald un-
uhmmimn?:mh 3% s of asid sgnak; m

output dgnal in dependence thereon, ‘
. 7. A system a5 st forth in claim & including bandpass 5 toutsitlon detecior means for detecting any vextical
filtexing means for passing the chrominance component signal transition between two of sald scan line com-
of said video signal and focated such that at besst sid M m.&ﬁmwmw“m

middle scan line component is a bandpast ftered com- : verticat
mm-mmmﬁmﬁmkm mmnmmmmmm:;uuum‘::

I.Aﬁlmmumfnrmhmmﬁnghmimmm slgnal or said sncombed chroma signal as sxid out- '

" chrominance couponents of & composite video signal put clvominanoe sgnsl fu dependence wpon said
comprlsed of a plarality of successive scan fines, com- cOmparisomL

prising: : ’ 15 9 A gystem as st forth in claim 8 wherein said transi-

. far recelving said video :iguﬂmﬂnpmﬂng tion detector mesns inciades means for determining an
m“u kieo cignal into & siddle toan line componént diﬁmnnebetwmnldmpmdt:mnmmﬁn-amm{
wnd vertically adjacent top and bottom scan line  PONSRE 43 maid vertical trumsition.

. . ! mm!n.A:y%nm-hﬂhhnﬁl:hn!.Whgm

mmmhmﬂzmmmﬂ* ld:l.wednﬂddhumpnnmmd'mfw‘;ﬁunin-
dle and uf scan line components and deriving. Ing any difference between tald delaysd middie compo-

it foc deriving firom o of xaid scan fine compa- hmdhmhmulhimﬁ;. soxntine '
nents an ancombed chroms signal; 3 oo
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