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PRE- SUPPRESSI NG NO SE OF | MA “WWEW he Technol ogy The prese ?ﬁﬁ? copy)
invention relates generally t I'a conmuni cati on flel , nor e

particularly to a method for pre-sStPptess noise of an i mage at transnlttlng
end. Background of the Invention In general, a video inage includes

Video i mage dM EatICEEQR %’?@?Séﬁﬁﬁﬁﬁiﬁmﬁmﬁmﬁ%ﬁﬁt e
vi deoconf erences, video tel ephones and renote teaching, etc. Exanples of

storing video | ti medi a dat abases, VCD and DVD, etc. In a video
servi ce systlgif Q&

X 1UYe: HPBEYat a, there are also audio data, T.120 data
and control |nfornat|on etc. At the sane tine, it is highly required that
‘a video servi cehesRrsieaminvEntion zlates generglht @r‘ﬁé‘(ti”%ﬁé‘ma?fdnﬁ‘&wcﬁ@%@é@ Bhhge
quality. . TQ?JrgE)QrElgulaﬁ % Xh@%ﬁ)d‘fﬁp -4 él%ss §g|9é%pa,nt]ﬁlagggp{r§1§s 1 g‘ #Q a hi gh
conpression ra resent, the I nternational® stan r& or video

i mge conpression. H 261 and H. 263 are standardi zed by ITU-T, and MPEQ,
MPER and WhErraumdofinhaeddiveadidiy | SO In these standards, sone present

i nportant conpression techniques are involved, and they have nmany comron

i ssues, such ds deiewl,al Vidys emEpaimmdes neisEReiagtiodnsasMddta. (IEL £l ifedshay 1@l | use
hybrid node of Mtion-Conpensated Prediction_and D screte Cosine Transform
(DCT), et ccommugicaieqd toyiare Vidappmeage sireet i xai Exprimes aberremgnigang véeoit is
unavoi dabl t V, 0 S exanpl e,
R e A R T

| um nance cwrpgMadts angks mhrmnhnmmhmchmbmaaeNKK)ahdaD&Wnlacrhgmowdaf an

i mge, and random noi se, generated . by A/ D con ersl o uanti zati on
during si gﬁgwmg%tplé]d ex Y Liqﬁapﬁp s’ilrfhals? H}g\c{ ata ”r??g data and controP

information, etc. At the same time, it is highly required that a video service system is

real time, interactive and having good image quality. Therefore, the video image data
should be compressed with a high compression rate. At present, there are international
standards for video image compression. H.261 and H.263 are standardized by ITU-T,
and MPEGI, MPEG2 and MPEG4 are standardized by ISO. In these standards, some
present important compression techniques are involved, and they have many common
issues, such as they all use Common Intermediate Format (CIF), they all use hybrid

mode of Motion-Compensated Prediction and Discrete Cosine Transform (DCT), etc.

In a video system, implemented with the above standards, it is unavoidable that
an acquired video image involves some noise. For example, there are high-frequency
impulse noise, caused by the large changes in luminance components and
chrominance components at a small region of an image, and random noise, generated
by A/D conversion and quantization during signél sampled. Without suppressing the
noise before compression, the compression efficiency will be greatly decreased.
Therefore, in order to have a better compression efficiency and a good image quality,
it is necessary to have a pre- and post-processing to reduce or eliminate the noise in an

lmage.

There are many existing methods for suppressing noise. In general, each one of

them uses an adequate filtering method in the spatial domain or frequency domain.
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noi se before conpression, the conpression efficiency will be greatly

. decreased. Therefore, in order to have a better conpression efficiency and
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filtering, myeheas. median filtering, threshold filtering, etc. Reference
to the US 57872%3 patent, titled "Method and systemfor filtering

conpressed video inmages", which discloses a nethod for filtering in the
spatial domailkefergnefott theeRP $79726% imatpnhettivdd Nethed agd fsyptemheordilfdrogences
of inmages 4400~ nsat: redicti J fore DCT. There are
two {1 nes aPPPIilr FIaS0 FRRRET SAhAE IRERSHh AR Spp TR frae R

el i m nat es doanthom neindecart fileming Crhsd-is hapédomedi differdnickd ef ithpgés agguces or

elimnates high frequency inpulse noise. They reduce the overal
conpr essi of"®j rcaf@%wt mw%%f%é?rér%ﬁef’ hege %rﬁé“@g@sgﬁitsn%tfgﬁt ,

titled "I ntorrefKAMBIES ihhefedfiQS ofleHRPat&AIRICES 56198 (5S4 6/88s-shapRil Gleaginscl oses
a nethod with linear filtering directly before conpression. The nethod

appl i es a tier tiahesdséasrealelifnays High frequeney frnpulserncaset Theytedute dguoncy
conponent s and hi.gh, freqgue i | se noise in the image diagonal
direction.CPng?ﬁg?ngﬁggﬁﬁgét%?Bglininate noi se effectively, in the
present suppressing noise nethods, a one-dinension or two-dinension
filtering prodegerehs added US 585125 @hreal, tifddCassiMgnpr fraddse . video
Neverthel ess, in general, a filtering calculation takes tinme and
compression systems", which discloses a method with linear filtering directly before
compression. The method applies a two dimensional (2-D) filter to filter out high
frequency components and high frequency impulse noise in the image diagonal

direction.

In order to reduce or eliminate noise effectively, in the present suppressing noise
methods, a one-dimension or two-dimension filtering process is added in the original
processing procedure. Nevertheless, in general, a filtering calculation takes time and
is a heavy load for a system. So, for the video conference system, which highly
requires real time and interactive, it is necessary to have an suppressing noise method
which does not take time and keeps the 6n'ginal image as much as possible. In the
present ﬁltering technology, the threshold filtering is a method with less amount of
calculation. The basic principle of this method is:.at a transmitting end, quantizing
DCT coefficients of a CIF image blocks is in preset sequence; when a DCT
coefficient is equal or less than a predetermined threshold, the DCT coefficient is set
to zero; and when a DCT coefficient is greater than the predetemiinéd threshold, the
DCT coefficient 1s unchanged. In essence, the method of pre-suppressing noise is a
constant threshold filtering method. The disadvantage of these pre-suppressing noise
methods is that selection of a threshold is conflict. If a smaller threshold is éelected, a
higher image quality can be obtained; but with too small number of DCT coefficient

zero value, the compression efficiency is not satisfied. If a larger threshold is selected,
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invention is to provide a nmethod with an adaptive threshold filtering to
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coefficient processing. If the increased threshold is greater than a predetermined upper

limit of a threshold, then the increased threshold is substituted with the predetermined
upper limit of a threshold. If the currently processed DCT coefficient value is greater
than the corresponding threshold, used for this time processing, the threshold is
recovered to a predetermined initial threshold, which will be used as the next time

threshold for the next processing of DCT coefficient.

The method for pre-suppressing noise of an image further includes the
followings. At transmitting end, transforming a video image from the CCIR 601
format to the CIF applies a low-pass FIR filter, in which the cut-off frequency is less
than 0.5m. Wherein the CCIR stands for Consultative Committee on International
Radio, and CCIR 601 is the 601 standard proposed by CCIR, which defines a digital
video standard for broadcasting corresponding to 525 lines to 625 lines television
system. The luminance component and chrominance component are filtered by the

low-pass FIR filter at vertical and horizontal direction, respectively.
Said low-pass FIR filter is one-dimensional FIR filter.

The cut-off frequency of said low-pass FIR filter is between 0.257 to 0.47.
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The method for pre-suppressing noise in an image can be understood as a
filtering method with an adaptive threshold. Comparing with the constant threshold
filtering method, the noise can be more efficiency suppressed without decreasing the
image quality, and the image compression efficiency is increase further. Of course,
when an image is filtered with a nonlinear threshold, along with noise to be reduced
or eliminated, part of boundary information of the image will be lost. Nevertheless,
the human eyé is highly sensitive at low-frequency component in an image, whereas
the sensibility is gréatly reduced at high-frequency component. Therefore, under an
allowable range of human vision perception, the method can be used to obtain a better
image quality. Another advantage of the adaptive threshold ﬁlteﬁng is small amount

of calculation, which is suitable for a video service system with high requirement of

real time and interactive.

Brief Description of the Drawings

Fig.1 shows a DCT coefficient distribution of 8x8 image blocks with H.26X (1.e..
H261, H263, etc.) format.

Fig.2 shows a framework of an embodiment of the pre-suppressing noise method

for an image according to the present invention.
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. equal's 1.5kQ \Werein Qis the quantized 1evel and k is a constant between
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PCT: ' CNO2! 0Qdyvehfolkti 9- 3 shows a processing flowhart of adaptive threshol d
flnLtgl’l ng in the Fig.2 enbodinent. Fig.4 shows a framework of anot her
enbodi nent of the pre-suppressing noise _nethod for an i mage accordi to
the present i nviEaissavs Bfiauvask o8 apempeimeptdiihe Bis-SPRRICHH %H?‘F%Hleﬂ?gg
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in Fig.2, in this embodiment there are two filters: a one-dimensional FIR filter and an
adaptive threshold filter. The one-dimensional FIR filter is a linear high-frequency
impulse noise filter, and the adaptive threshold filter is a nonlinear random noise filter.
These two filters work at spatial domain and frequency domain, respectively. In the
following, the one-dimensional low-pass FIR filter and the adaptive threshold filter

are described, respectively.

As shown in Fig.2, during a video image is being transformed from CCIR 601
format to CIF format, an one-dimensional FIR filter processes luminance component
and chrominance component at horizontal and vertical direction, respectively; and the
high-frequency impulse noise included in an image is suppressed. Naturally, a
corresponding high-frequency part of the image is also filtered. Nevertheless, the
human eye is highly sensitive at low-frequency component in an image, whereas the
sensibility is greatly reduced at high-frequency component. By applying a low-pass
filter with appropriate cut-off frequency, a better image quality can be obtained within

the allowable range of human vision perception.

For cut-off frequency selection of one-dimensional FIR low-pass filter in this
embodiment, a spectrum analysis will be taken by taking an image as one-dimensional
signal. Comparing fitting curves of an image spectrum before H.26X compression and
the image spectrum after reconstruction, differences between these two fitting curves

are larger. After filtering with a smaller cut-off frequency (< 0.5m) filter, differences



shoul-d be noted that this is a description of the invention but not a

.limtation of the invention. Fig.2 shows a framework of an enbodi ment of
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can be obtained within the all owabl e ran uman, vi si on perception. For
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embodi ment 1eac1%nﬁ<5terdespe%altyﬁg@th\emnla gdgudidken by taking an inmage as
one- di mensi onal signal . Conparing flttlng curves of an inage spectrum

before H 26X conpression and the inmage spectrum after reconstruction,
di fferences beFigelshowefCT weckicaaiingissiruies ofapd Imasggeblocks vath Hi26Ker i ng
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di fference ettt iroage dlockt aref distribuequendye nppegeletaparhearde highefilequency
general, it is between 0.257t to 0.4;t. gqug,ﬁ
~ components are distributed at the lower right pa 1e low-frequency components
correspond to the image detail, and the high-frequency components correspond to the
boundary part information of the image and noise, such as random noise and high-
frequency impulse noise. Since most part of the high-frequency impulse noise has

been filtered after filtering, so the main noise to be filtered is random noise, here.

In this embodiment, the édaptive threshold filter scans a DCT coefficient table in
a zigzag pattern, and 64 DCT coefficients are processed in sequence. The processing
flowchart is shown in Fig.3 in detail. In Fig. 3, *DCT_Coeff is a pointer of DCT
coefficients. The threshold of a DCT coefficient Thresh is correlated with the
quantized level Q. Comparing with a constant threshold, a varied threshold is more
suitable to the change of image content and has advantage for protection the image
important content. Thresh_Max is the upper limit of the threshold, and takes 1.54Q.
The initial threshold takes kQ, wherein k is ranged between 0.0 to 1.0 and selected
depending on the channel bandwidth. When the channel bandwidth i-s smaller, a larger
k value will be selected; for example, when the channel bandwidth is less than
384kbps, k will take 1.0. When the channel bandwidth is larger, a smaller & will be
selected; for example, when the channel bandwidth is 2Mbps, £ will take 0.4. This
treatment has advantage for obtaining as many as possible continuous zero. If a DCT

coefficient is equal or less than threshold Thresh, the DCT coefficient will take value
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Thresh-Max is the upper limt of the threshold, and takes 1.5kQ The
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bandwidth is larger, a snal selected; for exanpl e, when the

channel bamesiiadt Apilies XMspEneak filidr| andages Oodlineghifdter. Therefore, with smaller

amount of calculation, high-frequency impulse noise and random noise in a video
image can be reduced or eliminated. In the first time filtering, a filter with lower cut-
off frequency is applied to transform the format without increasing any amount of
calculation. In the second time filtering, when quantizing a DCT coefficient, an
adaptive threshold filter is applied. It can be seen from Fig.3 that there is only
increased a very small amount of calculation. By using the embodiment method to
reduce or eliminate noise, the compression bitrate will be reduced by 10% to 30%, so

the video compression efficiency and image quality will be risen.

Fig.4 shows a framework of another embodiment of the invention, another
embodiment framework of a pre-suppressing noise method for an image. This
embodiment is based on the previous embodiment and added a 3x3 two-dimensional
median filer set at the position before the image transformed to the CIF format. Since
the amount of calculation is larger, the median filter is better implemented by
hardware or DSP software. The median filter has characteristics which 1s better to
reduce or eliminate impulse noise and is also better to keep image boundary
information. So combining with the later processing'by adaptive threshold filtering, a

better reducing or eliminating noise effect of an image can be obtained.



treat-nent has advantage for obtaining as many as possible continuous zero.

. If a ' DCT coefficient is equal or less than threshold Thresh, the DCT
coefficient will take value 6 PCT' CN02/00l 10 zero and thepgpggﬁnalg
Thresh will be added by one. When threshold Thresh is greater than't

upper limt Thresh-Max, the threshold Thresh will take the Thresh- th. If a
DCT coefficient is greater than threshold Thresh, then the threshold Thresh
will be recoverel be dpbfciafd iHat ﬁéﬁg&%é}qhqvé&@onTbhﬁ id %F/Wﬁmtechi?& the
advantage for protecting inportant boundary information Of an inmage.

cour se, whetmbpdimepgangniiongd pavedTht prifeared smbpaiensntstane eslyolsed faraidsemili || be
reduced or el t t the_ bou Ly part information
of the |nﬁﬁééa% ﬁ(ﬁgh?ost k%lpgyﬁﬁ$§ pp?ﬂ“t ﬁ%ﬁ%spgﬁdlg 8%??“@5hsitive
at | ow f r equeditipn capsponeiified or ejuivaiags, remﬁfdaaﬁhddﬂ@eﬁzﬁﬂﬁdr lﬂlohi th¢ sespegreatly
reduced at hi gh-frequency conponent. Therefore, under an all owabl e range
of human vi¥doP Eerdefii genit Arearind! e atic dailis @8 eW sbeaiion albswaher

i mage qual i dihodihént€ H0 AbniE MithirS 1R Qéc%'@ @ffmecmeay d H 5 1R9 @m%t

reduce or elimnate video inmage noi The net d I nes ear
filtering aheewonlinear filtering, and conblnes spatlal domain filtering
and frequency donmain filtering together. The nethod applies one |inear
filter and one nonlinear filter. Therefore, with smaller anmount of

cal cul ati on, high-frequency inpulse noise and random noi se in a video

i mage can be reduced or elimnated. In the first tine filtering, a filter
with [ower cut- off frequency is applied to transformthe format w thout

i ncreasi ng any anount of calculation. In the second tine filtering, when
gquanti zing a DCT coefficient, an adaptive threshold filter is applied. It
can be seen fromFig.3 that there is only increased a very small anount of
cal cul ation. By using the enbodi nent nmethod to reduce or elimnate noise,
the conpression bitrate will be reduced by 10%to 30% so the video
conpression efficiency and imge quality will be risen. Fig.4 shows a
framewor k of another enbodi nent of the invention, another



enbodi nent framework of a pre-suppressing noise nethod for an image. This

. enbodi nrent is based on the previous enbodi nent and added a 3x3

twe-di mensional median filer set at the position before the {8880
transforned to the CIF format. Since the anount of calculation is Iarger,
the nedian filter is better inplenented by hardware or DSP software. The
medi an filter has characteristics mhieﬁaﬁﬁsbetter to reduce or elimnate

i mpul se noise and is also better to keep 1hage boundary information. So
conbining with the later processing by adaptive threshold filtering, a
better reduci ng. ok nedthed foaptrergippoissieg @bise of aroimage, proageingarDGE (Dbtaitned. 7
PCT" CNO_"i0Ql .10 1t wll be pg;eci ted that the Ptesent anenéio .S Inh no
way |im t ed- P9 HE2NLHFOHICRBAEENT RS dRetFI4Fl e AU TR PRBEEPE e eeﬁ%ﬁﬁinents
are only usgfefQéntavalgt akh ClEeEGHMb BRerffedfaREFdiABNHIa@B biddks Stvpyrdede
apparent to those skilled in the art that the invention can be nodified or

equi val ent | hepiep$ alced wi t hout departing fromthe scope and spirit of the

i nvention. Accqrdi.ngly | ai in 4 all ) i ts as
come wi £hi n' ¢ na-seopev bt F e By Abbeeieay L 88 Bt iend bl (SERBETELGS 5
PCT' CNO2; 00itsslthanG @brsspbndibgnibidsaoldl aded ploe-thiy pixnes i ngs,nedtseg afe ACT nmage,
processing a DCT (Discrete Cosine Transfornm) coefficient value in seguence
duri ng quantdeHi Gt REICCOTZErS 0Ot itreritng hallieshord af @ik ottt st 8rivedi at e
Format) | ”atgn?esp$18C§§ {HECHBE @%éessihbeofsmpls_ceémc%a e§thbRdsdhElRelind ik
currently processe coefficient value is equal to or less than a

cor r espondi thegshdidesthlid tivseth borusedias at thmesholidf for tthe siexis ptocessgugt bie DOJT

coefficient value to zero, then.i.ncreasing the threshold of this tine to be
used as a f% é%ﬂﬁﬁ%aPﬁﬁeFﬂﬂ”ﬁngﬂﬂﬁggﬁgggng of DCT coefficient, otherw se

recovering thegetecting whether the increased threshold is greater than a predetermined upper
limit of a threshold, if it is, substituting the increased threshold with the predetermined

upper limit.

2. The method of the Claim1, further comprising the step of:

respectively filtering luminance components and chrominance components at
vertical and horizontal direction with a Jow-pass FIR filter which cut-off frequency
being less than 0.57 during transforming a video image from the CCIR 601 format to

the CIF format.

3. The method of the Claim2, wherein the low-pass FIR (Finite Impulse

Response) filter is one-dimensional FIR filter.

4. The method of the Claim2, wherein the cut-off frequency of the low-pass
FIR filter can be between 0.257 to 0.4w.

5. The method of the Claim?2, further comprising the step of:

further filtering the image by a two-dimensional median filter.

6. The method of the Claiml, wherein increasing the threshold of this time to

be used as a threshold for the next processing of DCT coefficient by one.



threshold of this tinme to be used as a threshold for the next processing of
. DCT coefficient to a predetermned initial threshold; detecting whether
the increased threshold is greater than a predeterm ned uppgf CL%g&ﬁoof a
‘threshold, if it is, substituting the increased threshold mﬁtﬁ t he
predeterm ned wupper limt. 2. The nmethod of the Caim1l, further
conprising the, s : tA (N I l-um . and
chr o nance. cofmonernena STHEE GG ¥ b EIDS o JFRIEE nERTRRREILR:
| ow pass FhRukiid startingttrah tieutippef teff caqeresfoyD Chiaioe(fidias sattiiand Ordeningus i ng
transformng a video image fromthe CCOR 601 format to the CIF format. 3.
The net hod aGG#8Z4PRE§™Ei n2, wherein the | owpass FIR (Finite |npul se
Response) filter is one-dinensional FIRfilter. 4. The nethod of the
G ain2, whereig) tig wathoPbf tHer@AHENGYhREnthe idi@V-tRRSSKold RhR the Lpsdr 1IB@R be
between 0.257t to 0.4-a. 5. The nethod of the O ainR, further conprising
the step ofof thriesholdhean ¢ predetergnedaviihnthatethpynitial sl deayals hak Onvdi tha

filter. 6. The neth h [ el hE j h l.d -of
this time oyl S0 hok fuflsd o, YRhFUD ORGIETRLNG L IRt AR

coef fi ci enta ddystomeetBeddOltoANDRéB0AdLy the cThmehitddeddidf the C ainl, -the
sequence of processing DCT coefficients value is starting fromthe upper

| eft corner of a DCT coefficient table and ordering in a zigzag pattern.

. 8. The method of the Clainm, wherein the initial threshold and the upper
limt of threshold can be predetermined wth that the initial threshold
equals to kO and the wupper Iimt of threshold equals 1.5kQ wherein the Q
is the quantized level and the k is a constant between 0 to 1 determ ned
by the channel bandw dth. 10 '



