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GENSP192 ADAPTI VE REDUCTI ON OF LOCAL MPEG ARTI FACTS

Bﬁgﬁg\%&}r@? [0001] This invention generally relates to

[ video and graphics 5 quality. [0002] MPEG

conpression is a widely used algorithmfor digital

video sig 56t t

v e JABAPT] Wﬁﬁ#ﬁb?&ﬁ’%&%&%&%@ﬁﬁﬁ@(’@ﬁs

applications including cable television, satellite

tel evision, and digital vj di (DVD). 10 [0003]

The content of a video silégiﬂ{c ﬁ:ﬁD'y conprises a .
pce of mgﬁvenﬁbﬁlg@fﬁerélﬂarreﬁtd@.rtg%ﬁ%ﬁin\g&nd/éo%ﬂ graphics

sequence and image fiellds for an interlaced vide
se@@éﬁbe Each frame/field consists of a rectangular

SO 2 RS0 A O 7 P, s

pl te@lsiissiomari storapd eMPEG@hcoded dnd decotid S&B@ﬂﬁbf hﬁeo can be used

processed as. follaows. First, a Discrete Cosine

Tr W@PWR@@?‘)‘OI}S@@B‘HW geble Fflfﬂlﬁéo%sﬁ‘&BW Eebevg%% raafl digital video

2- @Sgsq N spectrum representation of the 8X8

Wi ndow. I's 2-D spatial spectrumis often referred to

as[OﬂO?,]Four i eThé cadent ofis video isignal geapnaﬁy eomptisesr sefudnke of image
e the Fourier,donmain. Th e | sp .

nodinss r 3 asrespive VieRart e s el B FEte RagLvideo

I eREESRB! Fach PimeFRRODRNkts Y r¥ddrgQUS shdtRl h&%ﬁl 6f ﬁﬁce@.f When

AC conponents The DC con'}%onent is 20 )genera

si Yidea esptent ivencoged using MBERe gesiralist and $we1dD@mﬁ nikels (64 pixels)

' MRS ImIEe?’{r%&giE %%1(?&0)% e%ﬂs‘ﬂ 18 pR?c%ers]seed 8%] s. ng ?ea Discrete Cosine

represen er genera

FoItahsform (DETR is wplﬂ&ﬂ’lﬁﬁ}emnd@v td| garerdte AR Bpdtial spectrum
pi xels in the Fqur

-""PFE]'@J@E%@PO&{PQ% @g% wip 4Thlfrﬁé3 Ratial ?zpesﬁr%fﬁd%wi'aen referred to as a
PIERGkER Q! ad if Israalfeﬁﬂﬁ@ltzﬁﬁiﬁm’f%ﬁéi'n%e i heFoukigEmaAR. The

sequence, nei ghboring image franes are grouped into
orfuoer image adodap §4 pixeli dthepaxel valugoa! t)w Fovrier iBaE reprasent a

i e frane.,i s,encoded ati all t -frane. .
070 Sy pia SRR R Rles 2 % o Hiistsr, The i hHfopentis
t wenénilde sintfted iharntep lefhaiGerPiddl of SRR riar ina@BC THedther 63 pixels
P frane and B-frame. For a_ P-frame, the difference

dn thedipurigr imagearpresenhihs Al gomponsats i Aflerggnerating the Fourier

‘ﬁ?ﬁtagéﬁén Mﬁﬁég@ﬁ?(# Rkﬂﬁlzgtlldl’y is GPFIRAER thir Qi r anglxgﬁ C}n ghe

nce tvvee a current
vvé'”loghemngigeamcpfanazadodl fied by notion vectors |-frane

i N0 P f i s, ded
aiﬂ‘!ﬂﬁﬂ cd " BPenstRor vaEEE movifeR e i FisigR 1 o video
eReRRact, BeighBérit indsb Fakek &eﬁbﬁﬂedtiﬁtojcﬁé b6 mobé Gedups of Pictures

sguar es, and for each square the best matched square
@@gd U aioQ@Banesmage ﬁame is encoded spatially, namely the I-frame. For

other frames, differences are encoded. There are two types of frames where

| differences are encoded: P-frame and B-frame. For a P-frame, the difference between
a current frame and a modified by motion vectors I-frame is spatially encoded. For a
B-frame, the difference between a current frame and a weighting sum of a modified by
| motion vectors I-frame and P-frame or two P-frames is spatially encoded. “Modified
by motion vectors” means that the currently encoded P- (or B-) frame is split by 16x16
pixel squares, and for each square the best matched square located with some spatial

offset from the reference frame is searched. The searching happens in some local area.




offset fromthe reference frane is searched. The

se ' happens in sone |local area. 1 GENSP192 The
g@%@fset (vertical and horizontal) for the best

mat chi ng bl ock is kept in the MEG stream and cal |l ed

ot TR AR R (oo AL pR R R B i Rl BB S in e

MPEAPEG speas shdcalfed ltheﬂxlnotmmw&:ltdraEQ@h Bﬂ:@ﬁ@lodtrcﬁ*@eﬁfﬁﬁé has one
fields |nstead of frames. 5 [0005] Wen an_inage is

e B8R VPR g Pl Smenia o motign ases; MREG comagesion for an
frﬁﬂ&}dcéd&%ylﬁ;r&&gseg%lﬂm Bddiahgr | er domain 1o the

spat 1 al The enco I’ ng an ecodi ng of inmage
5 f r wfl@§] usi ng WIRE@Gndomge sshcmhadamng@dPEGt dnklPEGt Dstandards, the

ear An a proc d i ane. The conpr essi )

¢ e ﬁfanée ISB’PPVﬁfg??z’aﬂsgaal% Fﬂléﬂer anﬂ?m&aﬁﬁanam The
d eedding b idebRbng HEinla8Y HanRd qSIB$ RaviQ 'boﬁBszQSn causes artifacts to
artifacts. That is, 10 the visua perceived effect
of RDSA” M proegssesl imaga ﬁﬂmcﬂﬂigﬁomprqsmn patio, f.athdf ratemsm:ﬁl the
pr rnansf o d i nt y

bt PP encolifhe il ol SRS 0 BT o8 BB R aB BB hats

10 t othe aishaldy pérbeiveldiféct afthe artifafia sesfuntiogefhe Bit ,ratb hin DCT
nl}éonen s for the bases expressing |ow frequency,

WhTTRFESSrthe yislep signrldd trapireed iptocan argy afcompanent g@g@lwdes
BQéSef‘ﬁéfeﬁ%) BROApbMARS 10 Ach gkg&:ﬂg’g Yragﬁf)ﬂﬁ bﬁgys YA'geidral, the

ormation is 15 therefor tot
C cippueasnts fatthe bams mepreasmgelb\y Mbﬂlcyawhmhtar@posmoned towards the

OB A gL G b B Y B IPRER ion s

15 WI thérefoes allddafedrtotidse Borﬁjd@{eﬁ{s| wﬁﬂh%’ke'laﬁzv‘éﬁ%a‘ll%nount of
g%Fsent t he orlglnal si gnal sequence.

&Pﬁ@%isaélm%t% ohighsGeqyegay Fomponestso ﬂhtsm@qew negsible to
p%ﬁrggéﬂ R9iddo! sigﬂﬁ% éﬁt r ans?l%ﬁm% VBl than is used toggpresent the

coefficl ent-wel orm basées réecei ve

t loaigoal mggalssneqimnc@ @06} dBextingssdag thi cidus agﬂalgmfdcoﬁlsﬂﬁlcted by

hi correl,ation in both the r.i zont, ver ical

PR 8 en ol the et eigied Binsform bases reccived
20 tmndt}ﬁ%&ing@ﬁie DCT in these directions using a '

8- &?96 hori zontal by 8-pel-vertical block. The DCT

it s neddecguse gppi¢tunglsigiabhasdrigh carrdlagion in boteths bngzontal and
t Qélrtlfcéltdlfegﬁ Et AL SRmBR g?ﬂbm? 6‘£ al n, &N%eé%%&%%ggag%@? in these

(coefticlents’correspon M dle

adireons ukieg asbpalémn@snthlt‘rgz &pélafeﬂldhabﬁ)ck Dfte DET exhibits nearly
be a glacg;gp {JI cture degradation due to features |ike
bPBER SCRBS WA i GonrsnEies pOURFAN crighin gpetticients

25 r@io@ﬁic%n@sa&ﬁfes{)&ﬁﬁh tomtﬁéﬁsﬁcy ﬁagé‘sr) MR ddsHteli ﬁ&ye On the other

appearin hese” and hi ‘ates 1S nosqu
g@I&i‘eDQIgcﬂrll dlseshe acande pfipiFiuge ddgradatioivdeeta featurasi lﬂce blc&ﬂk

als%rﬁdrpg}ldgl{ingetg%sgattern that appears inside a

ow or I'xels particularly
[0007] For bit rates greater than 2 Mbits/sec, the main artifact appearing at _

these and higher bit rates is mosquito noise (as illustrated in Fig. 1A). Mosquito noise
30 is a high frequency pattern that appears inside a window or block of pixels particularly
in a more or less flat area in the presence of a high edge-in a neighborhood or any
other high transition between pixel values. This kind of distortion is brought about by
a coarse quantization of DCT coefficients so that the resulting block is represented by

- many zero DCT coefficients. Only a few DCT coefficients represent an originally
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in anore or less flat area in the presence of a high
eg [ 9 nei ghbor hood or any other high transition
b gixel val ues. This kind of distortion is
brought about by a coarse quantization of DCT

é %b&%g{%@e tIf‘ﬂfe DAE co B bikchis g plaptiKed o be zero, there is no
repr sent zero DCT coefficients. On| ]':\év
D&y fardhférsé BITS (H)Q)T)ég aerongtrich thegmages \ylt@ot@eﬂéﬁ@ N‘? G2
e e seoeBls2e s Py oe AR, bR wpaRifion. s

( Rhzation-hREPNRNsEE is ditvelet BERStixitioh pudcessing. f Blemsnt of

ER artifacts are generated at é,he rP[B%eISSI BYont i i
qldgagpnzzlam qgmhz@atpn—n@hauﬁ,bgggfﬁq %ﬁt 13gona coetircient 15 coarsely
quantlzgt fmés li it feaf!
ol tiAd A?&g%hf fht)és 1? %&3 agﬁ%ﬁiﬂo‘ﬁo@s% mosh likel3app

essing
qdapbhal @dge areamnt Theanbsjukto giise appearhas a s;naib@q:gkerbmd mixed with

coeff|C| ent IS cQarse tized,
F diarrormic et ot i oivey HRHE if R Vnh Ry ylnddly COAEs. 18
digagqpsl edge areas. The npbsquito noi se appears as a

smal' | "Checkerboard nmixed with delta-i rrpul se patte
tmmo&]s cl eMb%qWOQDEB begomegvasible e b theunHoRR Wf&ﬂl&smbuﬂon

thru 117
bé’? Sﬂaé‘él%‘i‘%‘} BEEE ApsaLe ﬁé&%ﬁl or rr(% P I}%ﬁ g’%&ﬁlm&ﬁl areas in the
dippdsehdWfisGng dgeslUThE moaduitomaise is pelappmdiy wglblenn the smooth

bl'ocks_whi ch cont ain, g ral moot h .areas in
plageggnB@redqertgqa} o&%g&gﬁngds %atgg Pgtthe mosquito

P&5 %g P ﬁﬁﬁd %1?6 & 651@ Rlo3ERPI&HicA 8@ horizdhtal edges i 1n the
vertrca ori zont I ntrabl ock rlnglng is one ty

oﬁmhgmﬁm&qiﬁ‘he mosqmtosrmlsek@.u@d hyqayeverscHer ngmgzggfiges 1s less

cl ose verti cal or| I

i b b ShePU LG % Byl askAelpi b

h %h%&{i&lqing@@@ﬁhb sdge8 S&nc@ﬁltfﬁhﬁnélbﬁprobmmgaagbbdljbgsed to filter
di agonal structures, but is still visible aa ver

arties vitlor corsentathereiingp Wy & radHes BAgRNLo neis AR ke vuieo from
n o f @:ﬁﬁ @ﬁétﬁ!e@ %ﬁtaﬂéo%@ﬁrl (hyiIMSEHed th Fik! {18%hat El'itﬁwé/ﬂhg @fipact of

ere 1s no way-to reduce I’TDSQUItO noi se and

aﬂ? eeducﬁgomssrqum nmse of)‘élle gpagnsomndd Fig i)t Mgwythe

235’ jeawint ydratnbnyihe HSEmee 5t Ateed 4R REsiTiARke Rz and
' r@laﬁd ollg 15 ﬁ)dlca?étlﬁhﬂh% is HiTRerenitB iof Briginkedrsl pchBSMtlmagbsatNmse it
t he %‘?erence of ori (%I nal and processed, |l?r1'ag$ IS zero

amkesmm Ipigertrea phethalhyariating whishsis anqre Visihle i g Usero

DT o o TSR P PREER s QREAf ot for REe PP arifacts

t Quél'®s 14T, reﬁﬁ@&%]md’siqait@hmsemswhdbf globalbertotbving ifas is
techni que ?,or reduci ng MPEG artifacts 25 such as
I @@apmtiy renovi ng nosquito noise instead of globally

removing it as is gGMVIKRY OF TRRNARERFIGRE | NVENTI ON
[0010] A method of reducing mosquito noise of a video signal is described.
The method is performed by determining a border of a block of pixels and if a region

surrounded by the border has mosquito noise, then applying a mosquito noise

reduction operation on the region.

- [0011] In another embodiment, an apparatus for reducing mosquito noise of a

'video signal, is described. The apparatus includes means for determining a border of
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[0010] A nethod of reducing nosquito noise of a video

Si iS5, described. The nethod is perfornmed by
dmfrﬂang a border of a block of pixels and if a

region 30 surrounded by the border has nobsquito

ngl 4 YeBsk f3 b O dYALRS nofs€ eidattidioperation on the
opébﬁ(g%lﬁ%fﬁ)?%kéggﬁe reggsf oﬁ.gﬁﬁglogl] (I%‘r% anot her errbodipment,
anegigpHraatgion Soroursldd by tiy boodeylias mosgiitoenadse. a  vi deo

Si , is described. The .apparatus._includes f -
G003 i g 15 368 ahir st ou R Dr B Pt A o ucing
PimiRbSito AMide FEAVRIc Hen@RPHMKCAB® TR puter Pedg@n product
reduction operation on the region if a region

s imaledes gedhpbier code foodeteminiag arhosdsaiof @ bigskad pixely ¢appytar code
still anot her odi. cHe]c f

" gmpﬁang ﬁggoaﬁtlﬁfo&%ﬁ%%géuco ﬁgB%gé% Bé ;ﬂg{%g?oﬁ éngféﬁfon stfrounded
degehd heder Hik encdqipehcise, phd goraputpr eddadie Mmedinod fods®ring the
conput er code for determ ning a border of a bl ock of
picRBPYLer eefifput er code for applying a nosquito noise

r on o i osquito noise of a
ST e T B Bt Db Sbth 8 eBE AP mosguito noise of
c witzotsamat. sHukadybstermipdinden dt deassanintenfice hrangsd i aceive the video
code.. [0013] In yet another enbodi nent, a systemfor

r StBek A nosquito noise of a 10 video signal. The

SYSGR | Ncl W4RscediorlcBaysibd Athé Ht@ifdcRGeranfddao grecu®instructions to
receive the video signal, and [0014] a processor )

c detsieetaordss of ablack 2F pixglsrinelyderd mgindmegetagd apply a mosquito

i nstructi ons . de ' :

o 8P T e S ki AARh sffrodhddt B fheiorder has
nehdsquitealdied.i on operation on the region if a region

DESCRI PTI on O BREEIPEYRS DR PREFHE icBhigs, ° =

i ![Juﬂ%;r ate \F?éaé PUS BX ANRISR vafiohPeauiglés JTRhaQuitd AEiRE]

Firg. shows bl ock di agram of an apparatus for )
r §ois] ng detFégt2 shgws bibdask diagraiaof an appapips forgeducing detecting

iito, noi se reduction. 20.[0047]. Figs. 3A and 3B
infgfq?gtbpﬁjceés %Pdi g WRIP q‘?ﬁ%&%ﬁ%oﬁbi se reduction of
coaurent i onalrig 9Rdind FBSIHIUtAe: 4 cdraparisot W osquitrmbiseedhction of

mosqui t o noi se_reduction in acc%éiiance with an. .
enpontion] gibal mesquitperisearduction rg lasplmosauiigdigisegeduction in

C QIR0 WifilanbrlifALh Y GRATGHEAL W Lh @ noisy -

region and a regl on consistent with a flat, or non )
NEAEB] r egi oiFig. 25hpGe 2 ¢pmparizon®falregion N ¢dnsistentiwith @triogny region
kernel in accordance w th an enbodi nent '

and a region F consistent with a flat, or non noisy region.

[0019] Fig. 5 shows a first detection kernel in accordance with an embodiment
-of the invention.

[0020] Figs. 6 and 7 show the first detection kernel being used to d_etect
mosquito noise.

[0021] Fig. 8 shows a second detection kernel in accordance with an

embodiment of the invention.

[0022] Fig. 9'shows a composite detection kernel in accordance with an
embodiment of the invention. '

{0023] Fig. 10 illustrates a situation where the first detection kernel can not

fully detect mosquito noise that is suitable for using the composite detection kernel.
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gf the invention. [0020] Figs. 6 and 7 show the first
kernel being used to detect nobsquito noise.
8@%%15}%&9 8 shows a second detection kernel in
[accordance with an 30 enbodi ment of the invention.
Fig \ r o ith
o rce T anowEa R Rllifl AL AR ROtk i akcdrlnce with an
[ @Bibdftinkéng of the invdntien.r at es a situation where the first

ST LG ABRG f HY  F A R e
K Q¥ifdn emBoditesENIPURAnk GfieA] Fi 0. 11 shows a

representative detection ér otocol in accordance with

af0028kbodi nditg. 16fshewea Tablert debineatinprply Oﬁpw defegtion threshold

| ef t
aggiﬁcag}]acdgor ?%Wlﬁgg%ggﬂm%g{sﬂgb rﬁ% [ nventl on. 5
3@(2@]1 Fi 9. Fi§ 19htves an g detdetids ptateadl imgecardahed with an
ge detection threshold values in accordance with an

eoberimet opthedmentigent i on. [0027] Fig. 17 shows an

_ ﬁg@gﬁiet ect ' P 1R BERS D lrablid ﬂﬁ?g& ﬁﬁ]@‘}gpr\@ée‘h&tﬁe values in accordance

ment the I 'nvention shows a
Tabﬂﬁunkmlbddusemaﬂlthﬁ;;nwepmsent ative values in

§ TN e AN T —
d E@(Y@; l bed eqhadicf@itce syhBOB tHel VaBiohied@waips endivdtb ks clements.

various draw ngs indicate |ike el ements.
DETAI LED DESCRI PTI ONDETRILEIERESGREEIONT t he present

CE‘X@& ion prl}g?\%é’%f%%% ﬁﬁjlg pr?sclﬁ%é%u%?m pﬁ%ﬁ%&% I)E}g Hg%:a aratus,

i %@Iﬂlh@&ﬁﬁpﬁtéﬁﬁﬁ aflf prodidts] dor mb@lﬁﬁhg pixel 'mhm;san an image frame
artlfactsmthelmaefra The t ho

aﬁﬁ&ﬂﬁeg{ylgﬂé@é’éﬁ‘?‘%ﬁ Hasta hthg igagrtiEps &\06? AR eRmqratus
gscﬁlgg(% ﬁé’%{n %@rfeﬁlﬁ@f&df; grgédl A¥hb Qont\@ﬂ! &MPEG%H%%S@&)E in

general ly above 2
I\/lmlriidll intrmedinesad highdiitiatpsese uyed, genetallyabayd I Mits/sec. These

d f
» rchiGur dr gD g e st RorarEop R g tiugfle pure
arv@ﬁm&l%}l HetioskhINatradlbél ARdifig, anfl A8 adea (DE) bw&kmg artifacts.

operation of reducing nosquito noise is lowp ia
f {00331 i ng. The basic operation of reducing mosquito noise is low pass filtering,

The drawback of this processing is that in order to reduce the noise the image details
are also blurred. How to reduce mosquito noise without smoothing the video high
ﬁequeﬁcy content is a challenge for video processing. Contrary to conventional
approaches to applying the mosquito noise reducing filter globally, the invention uses
the mosquito noise reducing filter (MNSRF) adaptively and locally to filter the
mosquito noise. MPEG2 border detection is used to ascertain those regions requiring
mosquito noise reduction where mosquito noise reduction processing is triggered only
if the region is being detected as a mosquito noise region (i.e., region detection based
mosquito noise reduction). The invention detects MPEG2 block borders. If the
detected borders bound a region with mosquito noise, then a mosquito noise reducing
_ filter operates on the flat region in the block. There are four situations, leﬂ, right, top,
and bottom relative to the border with a clean block. For left regions noise reduction

is performed until the first edge is detected, and stops after that. For right regions,
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The drawback of this processing is that in 'order to

reduce the noise the image details are also blurred.
uce nosquito noi se w thout snoothing the

video high frequency content is a challenge for video

processi,ng. Cont.ra Q_comventional .,2 I Q :
DS o T At Refolé Fh AR Tn o biPEPS RGHEF ¢ duning
t h@orh e B #H1). US@Sop bt bitdabions) iatl @ixetrkieepovtidré ieedge
(M\SRF) adaptively and locally to filter the nosquito
ndﬂ@ﬁSmWWEGEﬁﬁbrder detection is used to ascertain
L Y8851 €91 ONR ]G hétGe 1RSI hBAvI0 1St olREY Ff daBilify the

re nosquito noise reduction processing I's triggered
onhysquith nbive corgommt usinh MPEG2 borlet dsdea®navhepsmosduito noise
noi se region (i.e.,. regjion detection. based, 30 nosquito .
R HoB RS Ig T R U] OF eGSO el oh i dosduit
bQ{o@&ré%ioh.fNB@@leveﬁarqﬂgﬁ&eMedare%n@eﬂml 1Bgic§Phsea ¥idbRrmine the
mosquit© noi se, then a nosquito noise reducing filter,
operddred blockthacl iszontreligddry semerehegisteptio the kemparigoa logic are
four situ%%ions, left, right, top, and bottom
r ISP t he border with a clean block. For |eft
r 3903)4]8 noi sfEgr Bshtkis MrhdapisvedBbdquitordise péductidhgystent 800 in
edge is detected, and stops after that. For ri

ht
r egr@aancesvigENSrbodimeni ofdhe Byygatore nl hesppiiatps SPG inchedes a
0 | -
el ph Ly L0 Bl | g B iy G
aldoigeirzdiction bireh206h Bueing ppemtjen, acvidat gl 208 Brreesivalht both
[0033] A .nosquito naise r ctjQn nodule i.s provid
| ohe wesdif At e oRdeBtior 0heRL B gt neiSe Bt ilesk 206
bar dgd ofBieahd ﬁﬁsmrﬁiﬁm&%wh idetcBiot 362 détahiass Ak a particular
processing is triggered onfy if the region is being | ,
decgon eﬂﬂwsn@ommﬁia@&;reqﬁ@@%r@OWGxﬁnse Keflustion, dhemogguito noise
br i ght i j: G o t j
oA BFRe ST EBRE D kSR ST LG When
I €ie 208 issed ahehtheanumaite Aoise tagttioraisleck POcappliesthelneosquito

10 [0034] Fig..2 shagws, an _adaptive nbsquito noise,. .
r @Bﬁétﬁ?’&ﬁ t%tystv@ﬁfzz%m? ifentiged AN PTG ROBRD Rihisew
oﬁn&sﬁﬁitﬂ) AYRETddABon' R ScleRRRIPippTied BAly iR Ghddsl ®heR mosquito noise is

nmosquito noi se region detector 202 that sets a flag
2Gikelydotreside. on/ of f  of nmosquito noi se reduction block

2 ring ration, a video signhal 208 j. ej.V

i UEE T R e b S A S

t B@aptiRe s itd AbSE rddaetiti syerenbRe0; KORDGoulinoltd theanshk reduction in
only if, the nosquito_noise region detector 20

2 I
d _@V@'la}hm Qsquite, aql.sgrqgggtiqnc\ﬁpg} com;gg%witb poqwgtiglpaé glpbal mosquito
Shdfig E?d%gffox{ o nbhn %H{lfe? il Fig AT 2 duction, the
nmosqul e region de

0 Nol ector 202 sets the flag 204,

- o036 se t meofdeatp 12Calyr apphyi apreeseieted nwksgnité heise fddagtion

30

ggg)t%sqertg'giotp%?eépg %ﬂqr{oldg%%in}n%s g%r(%%b{eelgga itoin% ti?el o%?gi}nal MPEG

~ blocks and, once located, determine if the block contains mosquito noise of not. As
previously mentioned, an edge must exist in the MPEG block for mosquito noise to be
generated, therefore a “dirty” block must also be qualified by the existence of an edge,

- s0 as to not mistake Gaussian noise as MPEG noise. The sections below describe the
elements needed to determine a region, and whether it should be corrected or not. In
the following discussion, a region includes an array of 8 x 8 pixels. A noisy (or

“dirty””) region shows a large 2D spatial fluctnation (region N of Fig. 4) whereas a flat

6
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noi se filter to the video region identified as having
g@@#ﬁﬁ 50|se In this way, 20 nosquito noise
3 is selectively applied only in areas where
nDqu|to noise is likely to reside. [0035] Fig. 3

sh t
¢ e o SPURL Il BN o fin ChoREA LG PRI RS (it
s hxmiiadtuw&mbe m (tstborkd, ferduetripte) to indicatesr ditty regismui t 0

i d t d th | l.obal
o] o e D RO R Ao BRI YRR erey
Fi @vellat f\(coﬂﬁ%ﬁﬂlmbé}g @ﬁcﬂﬁ(roﬁvthfbeﬁl ind BPP1Yand 1.2 deﬁne the absolute

pre-sel ected nosquito noise reduction protocol,

r egf P ouilst differantin] ofhoridentel andnetical greydensl.e | ocat | on
of the original MPEG blocks and, once | ocated,
det er m ne |ﬂuxpﬂ-hHQPKZEdh;afh§Innqu|to noi se or not. (L.3)
As previously nentioned, an edge nust exist in the

MPEG bl ock fAgr, &psQU|thﬁﬁﬂse}%Q [pe 30 generat ed, (1.2)
therefore a "dﬁrty bl ock fust “al so be qualified by

th 0§§' stencg &ﬁxoﬁ'@/})gﬁgﬁ.h(l%‘i défind Qe QbriZBn é{l}@ﬁ% variations.

G SS|an n0|s G noil se he sectl ons

ements needed to determ ne a region,

and whétHer |z:éﬁ®ufd be corrected or not. In the (1.3)

fO||OMAng dlscu55|on a region includes an array of 8

X 8 pi Aﬁi i sy (or "dirty") region shows a |arge 1.4

2D spa PﬁT 4on (region N of Fig. 4) whereas a (1.4)

flat 6 GENSPl@? region is a low spatial fluctuation

reglonjésho ‘as region F of Fig. 4) and an indicator L5

can be“set [t s 1, for exanple) to indicate a (1.5)

dirty reglon”” 0037] Hereinafter, nosquito noise

processing pixel Pi, j is Y-channel grey |evel at i

(col un& pyrex,) Aund; j (row nunber), and Eq 1.1 and 1.2 (1.6)

define the atgdlute 5 of 2d order differential of

hori zontal and vertical grey level. Axi,J P-1,J + 2 *

PJ - K+ XIAGL. 1) Ayi,J =l -1',3-1+2*pP J-pP @7

J+1 | (1.2)*{0038] Equation (1.3) ...... (1.8) define
“left horizontal strip' variations. 10 XLJ-4 =

AXm J- 4{,943)2 AEi-8 1i++8 XR ,J-4 G= AxmJ-4 (1.4) (1.8)

i, j+l

mel .J-8=  AXm J-8 (1.5)
[0039] Equation (1.9) ...... (1.11) define ‘right vertical strip’ variations.
:--1 o Z Ayl—] ] | o (1'9)
. m=j-8
_ ; _
Y, =3 oy, o | (1.10)
A Rl
j - &
Y ., = > Ay —4,m (1.1%)
m=j—8
[0040] All the following search variations are used as basic elements in region

detectlon that will be described below.

A=X,,, (1.12)
B=X,,, L (13)
C=Y (1.14)




15 nei-s XiJ-7 = E AmMJ-7 (1.6) nri-8 Xi,J = AxmJ
8 20 Xi,J+1l = &mJ+l (1.8) n¥i-8 [0039]
QQ\ISBEE 1.9 ...... (1.11) define "right vertical

strlp varlatlons. JY,.-1,J = AYi-I"M(1.9) n¥-8

25 Y.- A (1.10) nEj -8 Y,.-4,i = Z AYi-4, m(1.11)

nej -8 [D040), All the following search variations are (1.15)
used as basic elenments in region 30 detection that

will beRedGribed below. A =Xi,J-4 (1. 12) B=XQ 4 (1.16)
(1.13) C=Yi J (1.14) 7 GENSP192 D =Y.-ij (1.15)

E =X .iF8K], 16) F =XQ7 (1.17) 5 G X,,i (1.18) H (1.17)
=X;.1+1 (1. 19) I =Y-4.i (1.20) [0041] As previously

ment i ongLXan edge nust exist in the MPEG bl ock for (1.18)

10 nosqui t o "hoi se to be generated, therefore a "dirty"
bl ock or ion (i.e., one with rmsqui to noi se) nust (1.19
al so bel{qu ified by the existence of an edge, so as 19)

to not
sectl ong
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_ﬁﬁt ake Gaussi an noi se as MPEG noi se. The (1.20
ek.ow and the corresponding figures describe )

gﬁ(}‘a A ”L%QS&%%I&%&%SE&“& Sd e FES bt iR MPEEREIck for

mosquito noise to be generated, therefore a “dirty” block or region (i.e., one with
mosquito noise) must also be qualified by the existence of an edge, so as to not
mistake Gaussian noise as MPEG noise. The sections below and the corresponding
figures describe the elements needed to determine a region, and whether it should be
corrected or not (i.e., have mosquito noise).

[0042] Figs 5 — 7 illustrate representative region detection kernels used to
locate MPEG blocks and ascertain if mosquito noise is present. Fig. 5 illustrates a
kernel 500 used in region detection formed of search variations {A, B, C, D} defined
above with respect to pixel Py. As seen in Figs. 6 and 7, 2a mosquito noise region (N)
which can be detected by the region detection kernel 500. Visually, Fig. 6 illustrates
that in the case of mosquito noise is present when search variations {A, C} are ‘small’
whereas search variations {B, D} are ‘large’ whereas in Fig. 7, search variations {A,
C} are ‘large’ and search variations {B, D} are ‘small’.

[0043] Fig. 8 illustrates a second detection kernel 600 that when used in

~ conjunction with the first detection kernel 500 to form a composite kernel 700 (shown

in Fig.9) is used in region detection in those situations iHlustrated in Fig. 10. For
example, in Fig. 10 the first region detection kernel 500 alone cannot detect the “dirty’
mosquito noise {N) regions. For example, the first detection kernel 500 has failed in
“Case A” and “Case B” to detect mosquito noise since there are no horizontal borders
around the mosquito noise regions N. Based on these observations, the vertical based

second region detection kernel 600 becomes necessary for the mosquito areas in

which there are no borizontal borders around them.

[0044] As previbusly discussed, since mosquito noise is caused by special

transition there should be some transition somewhere in a mosquito region.

Accordingly, there are two types of transition detection. One is for left and right
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corrected or not (i.e., have nosquito noise). 15
[%Fé(%% ](I?gs 5 - 7 illustrate representative region
d P kernel's used to |ocate MPEG bl ocks and
ascertain if nosquito noise is present. Fig. 5

il ' i on datect:k: ..
R o
aheote eitiphisiy f28 herizortal trainsitibn Betctiohs Hodeentaltrapisigion igdetected at
and 7, a nosqujito noise region ( whi ch . can..be .
ik tostiem gt SR pRal oA BF B raTeEsEHEp. SO0TogpR fap pyl b st
Fitg 1, £ tdrd 1454nditiBs i 8ktddiat Top/bbREm GARILOH iy MR Uniphasis for

noi se is present when search variations {A_ C}. a

. r e *
" smetick] transhinatetectionr\Girticad transitiemis demetedjat §x§ pixelgrggion. The

ereas _i.n_Fi. 7 argh varl at:i 1 .
*HEngE0n g iR e S5t § SIS RutaPiiOR]s ddected I fdily, mosquite
gglgfs%ke -4‘,1\%'.1 cal Heldldgﬁiﬁédlhﬁﬁu_ﬁdtf&em ebgﬂmsemﬁlilm?mm Eig. 11 as left

that en used In conjunction w tne 11r
deegion,iright regione boiter resion #idioR r%%%%‘f also i g 12t 15,
( o5 i1 Ei § : o> U e
IR, 0 bsbidingiy, 138, MREEL B RRcAOEITEICERR Wiftre s
i Andsggito Ais¢ fegidn N ¢ on thgilefholitht exgiomdetéas kel S@D\;ngﬁ@@ﬁeﬁg- 13

cannot detect the,  dirty' .nmosquito.noise [ o
Fhowsafrpreenafiue rigftareipbdts aowdif e et 07 of M pient of
| Rhe reERRRAefict Bétfel 500S FoBioptadd 86166 tregiBAs] (Fike 14Qindd 5,
since"there are no horizontal borders _around the
moexpedtivsly) diskotioayregien inlocated sadenthe rrgicn datectioy kemgh@00 and

the.. vertical .hased 30 regi etection kerne
GS'EF@B&%‘S&S%% aerr?/g]P%ra&?ﬂgmnlge%égiB?% areas in which
t heoas) ar e nohersheanéaly, ondet fegiomound t hem [0044] As
previously discussed, sjnce nosqyit Ise i s caused
by speci al T@Pﬁﬁ@kkl%W;Yhéré~§ﬁgﬂF8§E@£§§ﬁ%— ransition
somewhey, in a nosquito region. Accordingly, there
are two types of transition detection. One is for |eft
and right 8TBENBEIdLDAWr Bgkof ahdltapshokkeHighelis for
top/bott%ﬁ1region. Left and right transition detection
is 1o enphasi s for horizontal transition detection.
Hori zontal transition is deBect efhraéhold MindYcor ners of
8x8 pixels matrix of left or right regions. A
transi¥indn flag will be set to 1, if there is
transition is detected. TopfpattPRRetiAdNGgd & IS nore 1.21)
enphasis for 5 vertical transition detection. Vertica
transifrhem i s detected at 8x8 pixels region. The
transition flag will be set to 1, if there is
transition is detected. Basically, nosquito noise

r egi onsLeftregtom =1 esdlfied as four different regions as (22
illustrated in Fpg? 11 as left region, right region,
bottom region and top region and al so shown in FlGs.

12 thru 15.. [0045]. Accordingly, Fig. 12 shows a

r epr es&at afigheegiont ify egi on where a 10 nosquito noi se

i N i | f .t i |
r5 88 |. \%{qer eiag (@i'ﬁé%sﬂ?lg_ﬁf)‘sv_? <thed eﬁh@ghoft@mgﬁj()er ne

And
Threshold Low X < D < Threshold High X))
And :
.'A < Threshold Min_Y
And |

C < Threshold Min X (1.23)

9
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shows a representative right regi on where a nosquito
ion Nis on the right of the region detect
k@%ﬁlggo For top and bottomregions, (Figs. 14 and
respectively) the bottomregion is |ocated under
the reghp detection kernel 600 and the top region is
above the region detection kernel 600. 15 [0046] More
speci fical | y, for,a left region: Threshold Low Y < A <

Threshg\ggIt h Y @ Threshold Low X < C < (124)
Thr eshdt&™ &R X d“20 B < Threshold_ Mn_Y And D <

Thr eshol d Mn X ("I’ 21) Then i.1 Left region = E Pn,m

(1.22) m _7 n=i _7 For a right region, if
((Threﬁmbpmwagm,g% Tbreshol d HighY) And 30

Threshol d q! Ll-ﬂhgégh §2A <

Thr eshol d kf% Si’ﬂn hreshold M%%)XH% —23)6 9

GENSP 192 Then Or+7j Ri gh_t region = E Pn,m(1.24) n¥
J-7 =S Fornd ol PO 9910 < {Threshold_High_Y2))

And
Threshold Low X2 < F < Threshold High X2
And
E < Threshold Min X2 (1.25)
Then
iJ :
Bottomregion= ¢ B, - (1.26)
m=Jj—=7
n=i-7

For top region detection, if
(( Threshold Low Y2<1 < Threshold_High Y2)

Or
( Threshold Low Y2< J < Threshold High Y2))
And
Threshold Low_X2 < G < Threshold High X2
And
H < Threshold Min X2 _ (1.27)
Then '
Top region = ETRW ' : (1.28)
=z

where, Threshold Low Y, Threshold_High Y, Threshold_Low_X,
Threshold High X, Threshold_High X, Threshold_Min_Y and Threshold Min_X
are pre-determined numbers (representative values of which are shown in Fig. 18 in
Table 1).
- [0047] In addition to the composite region detection kernel 700, edge

detection is also required in order to more accurately determine the mosquito region to

10




(( Threshold Low Y2 < | < Threshold Hgh Y2 ) O

d-LowY2 < J < Threshold-H gh Y2 )) And 10
Tﬁ%ﬁg? Low X2 < F < Threshol d-H gh-X2 And E <

Threshold Mn X2 (1.25) Then i.j 15 Bottomregion = E
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( f
%{QP rql%sr%g%stﬁ gﬁﬁb EJod\Rﬁe%n éro?ék%l ﬁgggbﬁg [bnﬁi@ﬁei‘l% Iéllogﬁonug;dge

(dafbwt&mf(ﬁl[ljopmwlsdeﬁned Fhihe Solvangi gh Y2 )) And
Thr eshol d- Low X2 < shold High_ X2 And H <
Thr eshol d-&Pr= 9(-2;( 2177 =—12§ Then ij Top region = E (1.29)

PE" 1. 28) whFd, sub-fidex 7ruids Elogn 0 Towvidth of indgew- Y,
reshol d- Hi gki\’/o,( Threshol d- Low XI 30 Threshol d_Hi gh_X,

T[ﬁﬂd§holg Hegh ¢ vgmb@igmdateww,v and Threshol d M n_X
are pre-determ ne e representative val ues of
whi ch are HAWhAYm 1%@ &8~1ﬁ Table 1). [0047] In (1.30)

:gghgm ggt égﬁn(lglﬁzls;bgﬁrgma} procegsimpy det ection kernel 700,

SGlht ol y R0, HE IR P TEBFOROED. 0
[0052] Embodiments of the 1nvent10n, including the apparatus disclosed
herein, can be implemented in digital electronic circuitry, or in computer hardware,
firmware, software, or in combinations of them. Apparatus embodiments of the
invention can be implemented in a computer program product tangibly embodied in a
machine-readable storage device for execution by a programmable processor; and
method steps of the invention can be performed by a pro grammable processor
executing a program of instructions to perform functions of the invention by operating
on input data and generating output. Embodiments of the invention can be
implemented advantageously in one or more computer programs that are executable
on a programmable system including at least one programmable processor coupled to
receive data and instructions from, and to transmit data and instructions to, a data
sforage system, at least one input device, and at least one output device. Each
computer program can be implemented in a high-level procedural or object-oriented
programming language, or in assembly or machine language if desired; and in any
case, the language can be a compiled or interpreted language.
[0053] Suitable processors include, by way of example, both general and
special purpose microprocessors. Generally, a processor will receive instructions and
“data from a read-only memory and/or a random access memory. Generally, a computer
will include one or more mass storage devices for stbring data files; such devices
include magnetic disks, such as internal hard disks and removable disks; magneto-
optical disks; and optical disks. Storage devices suitable for tangibly embodying
computer program instructions and data include all forms of non-volatile memory,
including by way of example semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and CD-ROM disks. Any of the foregoing

11




GENSP 192 whi ch nosquito noi se reduction processing
mg%# gﬁgjnplenented Hori zontal edge detection (ED)
j% % is defined as the followi ng: ED = Ax+.,| .
=1 P+tJ + . - P._t,l 1 (1.29) [0048] where, sub-index
at@ﬁ@ cﬁﬁc integrated
S BE b G o HiSoopARAASKCS OflanSpea inteer
( ir8@is). [ 0050] And al so, a | ogi cal proceSS|ng, [0051]

| f > Thr eshol

dﬁgﬁ | nent s “OPUPRE q‘%ﬁ@gﬁﬂeg ‘?%P%% tﬁg an%:E%n L%Ebé%]r:% escribed.
dinesARAEss 1R wiRbe *uﬂder@t@ﬁd Bt varidue miﬁ)"diﬁchtioﬁs d'lag be aiade w1thout
el ectronic’ circuitry in_conputer hard

f idepanting frosuibe wpiris aAbICOPR OF BHBRYFRIIP B ACEAT ther embodiments
ARpe b E TR P 1 Alirkbfgmbvent | on can be

Nt ed a co er “program product tangibly
enbodled in a nachlne readabl e storage device for
execution by a programrabl e processor; and nethod
steps of the invention can be perforned by a
programabl e processor 15 executing a program of
instructions to performfunctions of the invention by
operating on input data and generating out put.
Enbodi nents of the invention can be inplenented
advant ageously in one or nore conputer prograns that
are executable on a progranmmbl e systemincl udi ng at
| east one programrabl e processor coupled to receive
data and instructions from and to transmt data and
instructions to, a data 20 storage system at | east
one i nput device, and at |east one output device. Each
conmput er program can be inplenented in a high-Ievel
procedural or object-oriented -programm ng |anguage,
or in assenbly or machi ne | anguage if desired; and in
any case, the |language can be a conpiled or
interpreted | anguage. [0053] Suitable processors
i nclude, by way of exanple, both general and 25
speci al purpose m croprocessors. Cenerally, a

processor will receive instructions and data froma
read-only menory and/or a random access nenory.
Generally, a conputer wll include one or nore nass

storage devices for storing data files; such devices

i ncl ude magnetic di sks, such as internal hard disks
and renovabl e di sks; magneto- optical disks; and
optical disks. Storage devices suitable for tangibly
enbodyi ng 30 conputer programinstructions and.data
include all forms of non-volatile nmenory, including
by way of exanpl e sem conductor. nenory devi ces, such
as EPROM ~ EEPROM and flash nmenory deV|ces magnetic
dISkS such as |nternal hard di sks and _ ' :

12
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renmovabl e di sks; magneto-optical disks; and CD-ROM

di sks, y of the foregoing 11 GENSP 192 can be
s@@ﬁf%ﬂg ted by, or incorporated in, ASICs
(application-specific integrated circuits). [0054] A
nunber of inplenmentations ofpiggd nvention have been
described. Nevertheless, it Wlﬁ be under st ood that
vV avhapisclameidfis:cat i ons may be nmade without 5 departing

fromthe spiri d. scope of t.he inventi
Adeor d ﬁ@?@‘?dﬁ% H@c’é‘ﬁ‘ﬁ%‘gﬂ hpyse 3# %V@neé ﬁ%alt fog I%%Icl)op? e
?E""@ §?i§§| lowing clainms. 12 Il GENSP 192 CLAIMS Wat

dis: 1. A nethod of reducing nosqujt [
of & viddeonisingmbordete alietioef piEdnchEled gn asmage; and

determ ni ng. a border .of i i ed in
an i ma ,f_egﬁ’& Sufrfm%&erd g’ i@%gé@%%agr%deygﬁﬁéﬁ?lﬁgqéﬁder
?gzug?ﬁgwhfg anﬁ?g@itomhae tﬁedi:f’ncibxyblﬂﬂrjati?ornmﬂwﬂir‘:giounoi se

uction operation on the region.. 2. A neth .
el t e matIOR a5 AR EFEH Y RSB IRIPRIPE 5B gpprses:
CONPr i Se5¢ ., BENELAINY dlteE PR AdICatiet ecti on kernel ;
and 1O%ap6f31/r?gﬁg érﬁlg Sc.:orrpct;:si_te det ect | on kernel to the
vi deo applyilg tha conposite ldettctien kerneltte the videq sigpalo,

wherein th onposi te detection kern Waley

héri zor 5!38\9’;@? ?‘1“8& "’c‘gfi%?’a‘?ﬁ%rﬁlg a%%n\}%ésﬁ%g g Gton kernel

\é?lgc%h?n&é% %Pﬁrﬁfﬂﬁgr\}a?gﬁ&[‘@almﬂaﬁoﬁs !m?] hgdicﬂSvalriaﬁbﬂ edlcilations.

nmprising: In iti, ' '

F dduct tomedodas wrkd bmeais 3 SUMEEOTPESHE A ot hod a5

recited..i.n. clai . B i RhiLbI L :

ot se- e idRale 1SS el o . °

d%t.PeCt lﬁDﬂlefA}Eﬂ A osdited i elaine dgehersinthe Ebibiting mpsquitomoige

- C s ere suh- .index i. runs fromO to w dth of

tﬁ@iticﬁﬁ@éttheh%i%{ﬁﬁéaf GYPREFted in claim 5\,NI i f E([)) i's

greater s 20 ph )
d ﬁeggﬂ]%ﬁlg Qwaeﬁgg USin¥atNe Ax,2Q| Pherp an edgere sub

is deté e no edge is”detécted and

ER=0, i lundhoRi0 8 dviath Jf96é fnfskel N claim 6, inhibiting
nMoSqui t 0 nol se reducti on when the
6. A method as recited in claim 5, if ED is greater than a ThresholdEdge value,

then an edge is detected and ED=1, else no edge is detected and ED=0.
7. A method as recited in claim 6, inhibiting niosquito noise reduction when the
edge is detected and ED=1.
& An apparatus for reducing mosquito noise of a video signal, the method
comprisingi
means for determining a border of a block of pixels; and
means for applying a mosquito noise reduction operation on the region if a
~ region surrounded by the border has mosquito noise. '
9. An dpparatus as recited in claim 8, wherein the determining a border
comprises:
" means for generating a composite detection kernel; and
means for applying the composite detection kernel to the video signal.
' 10.  An apparatus as recited in claim 9, wherein the composite detection kernel

includes horizontal variation calculations and vertical variation calculations.
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edge is detected and ED = 1. 8. An apparatus for

reduci ng nosquito noise of a video signal, the nethod
d@ﬁﬁﬁfég%g: 25 neans for determ ning a border of a

bl ock of pixels; and nmeans for applying a nosquito

npj se reduct ' il adiscof 4 E@déwdignal, the
surrou ggamﬁgﬁgﬁggﬁgﬁgggnﬁggﬁﬁggﬁEﬁ?gﬂhoise. 9. An =
apBmoaicompasingecited in claim8, wherein the

det er m ni hor.d i ses. 3 pe
Goner atampisr cogaBoetaTgBREn PooRT bt MOPRoLpabIs s for
appl yi &911]%)1{1& SRERSSIppR/ikied RObqId oidetedudtion operatiomien the region

si gnal An apparat'us as recited in claim?9,
wifarregion sireowwnlep by ithecbaaderdies MOSAWEY #E$S; A c| udes

vari ot Forpu eafan Brltinth SRR DR e
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PP a@bﬁ?gﬁy ghogh@h preitiucistecitaddn elairo 1dpwherew the d¢temeiping a
signal, the nethod conprising: conputer code for
deordendommitFest bor der of a bl ock of pixels; conputer

code fg | b b QoRPbsit detshioh kemebpad at i on
on thecé%@ﬁg%nyddéq?ﬁg%@%gglggﬁosgrr_ounded‘ by the ﬁﬁrdﬁr omal
has nosspiter cwiesor apphying thesompositedatedsion kemgl 19re ¥ideo signal.

storing the conputer code. 12 1t el o
oibauc Lompulcs B prode s g ied a2, RRERLAR composite
dQLE LN dRE] Tnclifs RBFizeRMNataRs catangtitne ind veiticdlomriation

generating a conposite detection kernel; and 10
coatpaladonscode for appl yi ng the conposite detection

kernel ,to the.vi . ig@- : b Sfonfll EshPHRing:
p&%‘duct“sé@t%%olr égagﬁ}n% c !““n??%‘,%“’ e?gen t'he con%?é?%e
det ect k@ ntk@iceekrahpal todesiteghe zieo aignelaandit i on

cal cul ations and vertical ,variation,.c [ :

A syst 8PFICEFSOFr SOYRIF @tﬁﬁgﬁﬂ?%cs arapasd tggkg&it/?l gtg&ilon}&v

S11908hine GHIPder glf B®lock b? pBleld iftiedéd@andmagagad apply a mosquito
recerve the video si gnaP,

; and a processor upl ed to
t lneisk pédacfiar epaxaticmeretic regienid aregion ﬁ%lf?l&@?ﬁg g}i ﬁ‘eﬁlﬁ’féﬁ has
deternine .a border of a block of pixels included in an
i ALY %4ppl y a nosquito  noise reduction operation _
ofjst he A §@ieaad fecied @glaim 13y whereinitd poycestos dpigrraiaes tgdorder

mosqui t o "noi se. _ . ,
by%enerating a composite detection kernel, and applying the composite detection

kernel to the video signal.
16. A system as recited in claim 15, wherein the composite detection kernel

includes horizontal variation calculations and vertical variation calculations.

17. A system as recited in claim 16 wherein the processor also executes
instructions to inhibit mosquito noise reduction at a horizontal edge ED.
18. A system as recited in claim 17, wherein instructions for inhibiting mosquito
noisé reduction at the horizontal edge comprises:

| instructions for detecting the horizontal edge using £D = Ax; ; =P, =~ P,
where sub-index i runs from 0 to width of the image.
19. A system as recited in claim 18, wherein the instruction for detecting the
horizontal edge includes instructions that when executed by the processor determine
that if ED is greater than a ThresholdEdge value, then an edge is detected and the

‘processor sets ED=1, else no edge is detected and the processor sets ED=0.
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20 15. A systemas recited in claim114, wherein the
processor determ nes the border by generating a
c6HNE IO detection kernel, and applying the conposite
detection Kkernel to the video signal 16. A system as

rkéﬁlnt v % ﬁ{ﬂqlt%sl & l% %‘P%@e‘]wvar | a P@e%s%r ?ﬂ}lﬁ%ﬁﬂéﬁgﬁlto noise

V@éduchidh wha thatdde iscditetddaind ®I3= 1. 25 17. A system as
recited in claim 16 wherein the processor also

executes instructions to inhibit nosquito noise
reduction at a horizontal edge ED. 18. A system as
recited in claim17, wherein instructions for

i nhi biting nosquito noise reduction at the horizontal
edge conprises: instructions for detecting the

hori zontal edge using ED= Ax i =1 P j - R,,; 30
where sub-index i runs fromO to width of the inage. -
19. A systemas recited in claim18, wherein the
instruction for detecting the horizontal edge

i ncl udes. i nstructions that. when executed by the
processor determne that if EDis greater than a

Thr eshol dEdge val ue, ‘then an edge is detected and the
processor sets ED=1, else no edge is detected and the
processor sets ED=0O 14 GENSP192 20. A system as
recited in claim19, wherein the processor inhibits
nosquito noi se reduction when the edge is detected
and ED = 1. 15 : -
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