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The present invention relates generally to video coding, and nore
particularly _ to utilizing a spatially adaptive preprocessing filter
for use in vi Y8 ng. 10 PCT/US9BaIBgr ound
of the Invention Current standards, such as H 261, MPEGL,
and MPE& provi de conpression of a digital video sequence by

utilizing a block notion-conpensated Di screte Cosine 15 Transform DCT
approach. This video encodi ng techni que renoves the redundancy
present in a video sequence by utilizing a two-step process. In the first

step, a bl ock- mat ching, BM notion es}jimtion and conpensation
al gorithmestimates the notion t hat otcurs between two tenporally
adj acent franmes. The franmes are then conpensated for the estimted

noti on and conpared t SSRATMLLYJADABTH/E EILTERING FOR IDEO ENGODING e
difference between the two tenporally adjacent frames, all existing
tenporally redundancy is renoved. The information that remains i s new
I nformati on -

5 Field of the Invention

The present invention relates generally to video coding, and more particularly
to utilizing a spatially adaptive preprocessing filter for use in video coding,

10

Background of the lnvention

Current standards, such as H.261, MPEG!, and MPEG2 provide compression
of a digital video sequence by utilizing a block motion-compensated Discrete Cosine
15  Transform, DCT, approach. This video encoding technique removes the redundancy
present in a video sequence by utilizing a two-step process. In the first step, a block-
matching, BM, motion estimation and compensation algorithm estimates the motion
that occurs between two temporally adjacent frames. The frames are then
compensated for the estimated motion and compared to form a difference image. By |
20  raking the difference between the two temporally adjacent frames, all existing
temporally redundancy is removed. The information that remains is new information
. that was not compensated for in the motion estimation and compensation algorithm.

This difference image is referred to as the displaced frame difference, DFD.
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In, the secondwyi®jaesgh he DFD image is transforned into a fresteieycissmai n
usi ng the DCT. The DCT has the property of conpacting the energy of the DFD
image into a few | ow frequency conponents. Further conpression of the video
sequence is obtained by limting the amount of high frequency information

encoded. 5 . If noise is present in a video sequence, then
the DFD i mage will al so contain the difference of this noise. Since
the noise is uncorrelated in the tenporal direction, t he energy of

the noise present in the DPD image is actual By double the noi se energy

present in any single frane. After ap’gll:%i.ng t he DCT, the noise present in
the DFD 10 resul t dn the segond step.dbestaFD imigeds ansfogmedsintoadrequency damain; gh
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efficiency of any conpressi o ni que.
5

If noise is present in a video sequence, then the DFD image will also contain
the difference of this noise, Since the noise is uncorrelated in the temporal direction,
the energy of the noise present in the DFD image is actually double the noise energy
present in any single frame, After applying the DCT, the noise present in the DFD

10 results in an increase in the energy present in the high frequency components. The
net effect is the compression technique is forced 10 use a large number of bits, as
compared to the case when the noise is not present, to maintain a particular distortion
in the decoded video. In other words, noise present in a video seqt;ence prior to
encoding, results in a large decrease in the compression efficiency of any

15  compression technique.

Current approaches for removing noise from a video sequence are inadequate
for two reasons. The first reason is that these approaches attempt to remove the
noise from the intensity frames of the video sequence. Generally, this type of

20  approach introduces artifacts into the video sequence that are then transferred to the
DFD signal and interpreted by the video encoder as new information that must be
encoded. In other words, these approaches can also reduce the compression
efficiency of the video encoder. The second reason that current approaches are

inadequate is that they tend to operate only in the temporal direction. That is, they
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filter along a single direction between fragres. |If averaging is used, then
the parts of fHieng the_néiedeo sequence that are in notion will be
blurred. By bl urifiterglong 2 single directioh between frames. If aveR@; i'ﬂﬁ'@d e
general will be gasier to encode. However, it W\H‘h@ﬁ‘gé ﬁﬁ&ﬂﬁgﬁmo'}

subst antial |'y dégt Yiereauenes, bat dre insmotionwillde dhuzred: By bluwingne nﬁpﬁg%ﬁk{;ﬁs to
renovi ng 5 '\'r“iﬂ%oasreﬁueﬂgé‘ﬂl %ﬁd{gg uce .,the ampunt of information that
must be encoded by the o B LP engode dHaweyen ittwilliook! | v
degradi ng the desstmealy ¢ idHhid\vitwer. Therefore,

Brief Description of the Draw ngs the current approaches to removing
noise are unable to reduce the amount of information that must be encoded by the

video encoder without substantially degrading the decoded Video sequence,

Brief Description of the Drawings
10 |

FIG. 1 is a block diagram of a preferred embodiment of an apparatus for
spatially adaptive filtering for video encoding in accordance with the present
invention.

15 FIG. 2 is a flow diagram of a preferred embodiment of steps of a method for
spatially adaptive filtering for video encoding in accordance with the present

invention.

Detailed Description of Preferred Embodiments
20
The method and apparatus described below filter a video sequence prior the
. encoding process of a video sequence. Specifically, a method and apparatus are

described wherein a spatially adaptive filter is used to remove noise directly from the

Displaced Frame Difference, DFD, signal. This novel approach removes noise and
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5  without substantially degrading the decoded video sequence.

In order to describe the method and apparatus certain assumptions are made
conceming the input video sequence. Specifically, the video source is assumed to be
in a digital format where the number of pixels per row, the number of rows per frame,

10 andthe number of frames per second are known prior to processing. Each pixel
represents both the luminance and chrominance components using 8 bit integer
numbers which span from 0 to 255. As mentioned above, these assumptions are only
made to help facilitate the description of the method and apparatus and should not be
viewed as restrictions to applications where these assumptions do not hold.

15

FIG. 1, numeral 100 is a block diagram of a preferred embodiment of an
apparatus for spatially adaptive filtering for video encoding in accordance with the
present invention. The apparatus comprises a noise variance determiner (102), local
variance determiner (104), noise visibility function determiner (106), Gaussian kernel

20  determiner (108), and a convolver (110). Utilizing a DFD (120) signal; the noise
variance determiner (102) calcylates an estimate of the noise variance o2(r) (126).
Also utilizing the DFD (120) signal the local variance determiner determines an
estimate of the local signal variance o7(r) (128). Based on the local signat variance

o7(r) (128) and noise variance 67 (r) (126) estimates and a predetermined image



In order to describe the nmethod and apparatus certain assunptions are nade
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estimates ahd #110) ediserinite2cGausdROSiter ' / 04589
ror) Leoe 10190 Y "G teing kemel that Wil Biovide ¥ proper amount of
type paranet er lqcakfilieriag based on ke local SNRyi si bi l ity function determiner
determ nes a noi se visibility paraneter v([err]) (132) which
controls the anount of filtering provide by the

3

5

The apparatus may be embodied in computer software, a Digital Signal

Processor, a gate array, or an application specific integrated circuit.
10 o

Utilizing the DFD signal, the noise variance determiner (102) determines an
estimate of the noise variance o2 (126). This is accomplished by first dividing the

DFD signal into 16 x 16 blocks and calculating the energy contained in these blocks

It should be noted that if block matching, BM, is used in generating the DFD signal,

15  then these energy calculations already exist. The energy is calculated using the
following expression

0X(B,)=—— Y(DFD(, )
B MN (‘ng_() (lsj)) . (l)

20  where pixel location 7, j is a member of block B,, M and N are the number of pixels

contained in a row and column of block B, , and 03(B,) is the energy contained in

block B,. Once the energy , 03(B,,), is calculated for each block they are rank




spatially adaptive preprocessing filter at pixel location (r) = (i,]).

Specifically, the noi se visibility paraneter v([err]) (132) is
used by the Gaussi an kernel determ ner 5 (110) to determ ne a
Gaussian filtering kernel that will provide the proper anount of

l ocal filteriwponosesl on the | ocal SNR THOAUSPpEILI US Ay
be enbodied in conputer software, a Digital Signal Processor, a
gate array, or an application specific integrated circuit. 10

Utirlizing the DFD signal, the noise variance determ ner (102) determ nes an
estimate of the noise variance [err] (126). This is acconplished by first
dividing the DFD signal into 16 x 16 blocks and cal cul ating the
energy contained in these bl ocks. It should be noted that if block
matching, BM is used in generating the DFD €ignal, 15 then these energy
cal cul ations already exist. The energy is calculated using the .

fol | owi ng expr essi d from highest to lowest energy. The average of ghe/bottom 256 valugp dp this

pixels o Cont eiking R 8 s R pOi Ve B2 © g T

[err](B[err]) is the energy contained in bl ock B[err]. Once the
energy, [err](B[err]), is calculated for each bl ock they are rank WO
97/ 04589 The local signal variance is calculated utilizing the noise variance estimate o7

PCT/ US96/ 10139
5  (126) and a local variance @7 (r). It is known that the local DFD variance o7 (r) is

the total of the local signal variance a7(r) (128) plus the noise variance o7 (126).
Therefore, an estimate of the local signal variance is obtained by subtracting the noise

variance estimate from the local DFD signal variance. This is demonstrated below

10 == @

where

) =—— T (DFDG+kj+DY , ()
N i

15 Kand L define the local neighborhood that the local signal variance is calculated
over. Specifically, the local signal varianceof(r) (128) is calculated within a block

that extends K rows above and below pixel (r)= (i, /), as well as L columns to the

left and right.

20 The visibility parameter 1(8) (132) which controls the amount of filtering
provide by the spatially adaptive preprocessing filter at pixel location (r)= (3, j), is
calculated by the noise visibility function determiner. Based on the local signal
variance 67(r) (128) and noise variance 02(r) (126) estimates and a predetermined



6 - ordered from highest to | owest energy. The average of the bottom
25% values in this ranking is used as the estinmate of the noise
variance, [err](126). The | ocal signal variance is
calculated utilizing the noise variance estimate [err] 5 (126) and a

| ocal vari apee7448¢ 1 (r). It is known that the |ocal DFD variance [err](r)
S the total of the local signal variance [err](r)PCHYS1BBYs t he
noi se variance [rr](126). Therefore, an estimate of the | ocal
signal variance is obtained by subtracting the noise vari ance
estimate fromthe | ocal DFD signal variance. This is denonstrated bel ow
[err] 15 Kand L define the | ocal nei ghborhood that the |ocal
signal variance is cal cul ated over. Specifically, the local signal
variance [err](r) (128) is calculated withygn a bl ock t hat extends K
rows above and bel ow pixel (r)=(i,j), as well as L colums to the

| eft and right. imag parameter © kSt vk ikt v(.[er (132)

whi ch controls thegegyn%unt of fi gﬁ%’ﬂ?&ﬁwgﬁﬁ%%&g‘é e |y
adapt i ve prepr othedwise yisibility eparametaviusiap tHedoRdvifgedvatio | - i), | S

cal cul ated by the noise visibil i”ké)zfguncn i on determ ner. Based on the | ocal

si gnal variance [err](r) 3) FAd noi se vari@ce [err](r) (126)
estimates and a predeterm ned l+-o%6
S To reduce noise present in a DFD signal the predetermined image type

parameter © (130) is typically set at a value of 0.01. For different types of image

data the image type parameter © is adjusted to provide the visibility with a different

response. For example, due to their sensiti\_rity to over-smoothing as opposed to the

presence of noise, intensity images would require the image type parameter © to
10  increased when compared to the value used for 8 DFD signal.,

Based on the noise visibility parameter (@) (132) the Gaussian kemel
determiner (110) determines a Gaussian filtering kernel that will provide the proper
amount of local filtering based on the local SNR. The response of the Gaussian

15 kernel determiner (110) to the noise visibility parameter 1(8) (132) is shown below

m34n? ] :
i

1 u(8)o?
g(m,u)=2‘e[ ‘ )‘ ’ (5)

20  where g(m,n) is the Gaussian filtering, (m,z) is a location in the filters support, and
o, is the variance of the filter. The support of the filter is determined prior to

implementation. Typically, to reduce the number of operations required to be
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i rage type paraneter [err] (130), the noise visibility function determ ner
det er mi nes the noise visibility parameter using the follow ng
equation WO 97/04589 [err] 5 PCT/USSEOBgIUCE

noi se present in a DFD signal the predeterm ned i nage type
paranmeter [err] (130) is typically set at a value of 0.01. For different

types of image data the inmage type paraneter [err] is adjusted to
provide the visibility with a different response. For exanple, due
to their sensitivity to over-snoothing as opposed to the presence of

noi se, intensity imges would require the i mage type paraneter [err] to 1 O
i ncreased when conpared to the val ue used for®a DFD signhalL

ot or miner | (110)  dBHERTPA A cAR0RE G F0y h bipbok gt ke ke Bl s by Apise o

h | ocal f i ng b . | SNR T
e PToRert the cafulifths, “the'vafidios bt it BlitlEpIR AESerRingd Sng S55g.with e gotse
visibility paranet G{sibﬂft* ﬁ?&n&mﬁ i')@)(lﬁﬁ)iéfi@&’ﬂ) t%bgh&%e améufat ltsdhsénoplmri‘fggapgﬁe\mgr e

g(mn) is the Gaussian ering, (mn) 1s a location in
support, and the P by e fiktle vari ance of the filter. The support of the
filter is determned prior to i npl ementation. Typically, to reduce

the nunber of dperations required to be
The noise visibility parameter 1(8) (132) controls the amount of smoothing

applied to the DFD by the filter, in the following way. If the noise variance o>(r)
(126) is small compared to the local signal variance o7(#) (128), than the noise
visibility parameter v(8) (132) is also be small, This results in 2 Gaussian filter

10 g(m,n) with a narrow spatial response or a wide pass-band in the frequency domain,
In other words, the filter g(m,n) would provide very little smoothing. This is the
desired response, since the noise variance is small compared to the signal variance.
For the case when the local signal variance is much smaller than the noise variance,
&(m,n) will have a wide spatial response which would result in a narrow passband in

15  the frequenc_y domain. Again, this is the desired response, since the g(m,n) would
provide smoothing to a very noisy DFD.,

The convolver (110) actually carries out the filtering operation on the DFD
signal. That is, the convolver (110) applies the Gaussian filter g(m,n) (138) to the
20  DFD signal (120) through a convolution operation. The convolution operation is

characterized by the following equation.

m=5

n=s
DFD(, j)= Y g(m,n)DFD(i — m, j— n), (©)
m=0

=0
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performed in the convol ver (110), the support of the filter is 5 pixel rows °
by 5 pi xel colums. The variance of the filter is also i
pr edet er m w0 sogkggl ong with the noise visibility Fararreter v([err]) .
(132) is used to control the amount of snoothing applied POTUSI6M0139 { he DED
by the filter. 5 The noise visibility parameter [err]
(132) controls the anpbunt of snoot hing applied to the DFD by the
filter, in the following way. If the noise variance [err](r) (126)
is small conpared to the |ocal signal variance [err](r) (128), than the

noi se visibility paraneter v([err]) (132) is also be small. This
results in a Gaussian filter 10 g(m n) @ th a narrow spatial response or
a w de pass-band in the frequency donain. I n other words, the
filter -g(mn) Wwaitlett DFDVi190) ﬁﬁyﬁﬁﬁs&dﬁﬁfﬁi mg. This is the

desired response, since the noise variance'1s |1 conpared to the signal
vaei ance. For the case when the |ocal signal variance is nuch

smal | er than the noise variance, g(mn) wll have a w de spati al
response whi ch woul d%@uﬂWZ@MﬂW@r&Mé&em&dﬂ%ﬂibﬂlﬁgﬂw
dormai n. Agai n, h S i}@ t he .deﬁi red response, since the g(mn) wou

provi de smoot hi A SPALlY §dantive Bltering fprpse in video encoding. Theﬂi-ktetepdﬁlmﬁmmﬁ(llo)

P e el 8o 0 o S b et e 3
T e MRl BBt P
Utlhzmg me local signal variance, noise variance, and a predetermined image type
parameter, a noise visibility parameter is then calculated (206). A loca! Gaussian
filter is determined based on the noise visibility parameter and a predetermined
10  Gaussian filter variance parameter (208). Then, the local Gaussian filter is

convolved with the DFD signal to produce the filtered DFD signal (210).
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where DFD (140) is the preprocessed DFD signal. FIG 2,
nuneral 200 is a flow di agramef—a—preferred—enbodi nent of a net hod
for spatiall ywadoamisgsye filterin ' g0 encodi ng.pcihsodrionst Step
Is calculating 5 t he noi segimmlemﬁ“'kguﬂliﬂﬁn the DFD signal (202).

L

Next, a local signal variance is'* ¢ ned based on the cal cul at ed

norse vari ance and the DFD signal (204). Utilizing the |ocal signa
vari ance, noise variance, and a predeterm ned i mage type par anet er
a noise visibility paraneter is then calculated (206). A |local Gaussian
filter is determ ned based on the noise visipility paranmeter and a
predeterm ned 10 Gaussian filter variance raneter (208). Then, the

| ocal Gaussian filter is convol ved with the DFD signal to produce
the filtered DFD signal (210). WO 9f/kimsgg

PCT/ US96/ 10139

We claim:

5 L A method of spatially adaptive filtering a displaced frame difference, a DFD,
the DFD is a difference between a video frame and an estimated video frame, the
method comprising:

determining, using a noise variance determiner, a noise variance of the DFD

10  based on a predetermined signal-to-noise ratio;

determining, using a local variance determiner, a local variance of the DFD

based on the noise variance and the predetermined signal-to-noise ratio;

15 determining, using a noise visibility determiner, a noise visibility function
based on the noise variance, the local variance, and a predetermined image type;

determining, using a Gaussian kernel determiner, a Ganssian kerel for every
pixel in the DFD based on the noise visibility function, a predetermined normalizing
20  coefficient, and a predetermined base variance; and

convolving, using a convolver, the DFD with the Gaussian kemel to provide

an adaptively filtered DFD.



10 d ai ns W claim

5 1. A nethod of spatially adaptive filtering a displaced frane
di fference, a DFD, the DFD is a difference between a video frane
and an estimated video frame, the nmet hod conpri si ng:

det er m ni NO¥OWB0438 a NOi Se variance-determner,. a noi se variance of the DFD_._:
10 based on a predeterm nedrl CT/US96/10139

' N HoPWeTall atio; F
EIEB§| ,[lﬂlim!ﬁﬂl[l a local variance of the DFD
based on the noise variance an - ied signal-to-noise ratio; *

determ ning, using a |ocal va

15 determning, using a noise visibility determ ner, a noise
visibility function . based on the noise variance, the | ocal
vari ance, and a predeterm ned i mge type; det erm ni ng,

usi ng a Gaussi an kernel determi ner, a Gauqdi an kernel for every

pi xel in the DFD based on the noise visibility function, a predeterm ned
normal i zi ng 20 2 coeThe methed of claint 1awhereinl et leastomeast 202g®: vari ance; and
convol ving, using a n\[/)(ékfver, the DED with the Gaussian kernel to provide
an- adaptively fil ter%@ > noise variance is determined by calculating an energy contained in

each predefined block using the following equation;

1
03(B,)= WMZB -(,DFD(i, .

where M and N are the dimensions of the predefined block and i, j denotes a row and
column of a pixel in the predefined block: and '
2B)  the local variance of the DFD is determinied using the following
equation: ' '
10

o3 (r)= I}ﬁ S (DFD(i+k, j+ 1)y

-KSksK
LsisL

where M and N are the dimensions of the predefined block and i, j denotes a row and
column of a pixe} in the predefined block.
15

3. The method of claim 1 wherein at least one of 3A-3C:

3A) the noise visibility function is determined using the following
equation:

20 v(6)=—
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2. The nethod of claim1l wherein at I east one of 2A-2B:
2A) the noise variance is det cal cul ating an energy contained in

each predefi ngg obhagk using the follow n uatlon PCT/US96/10139
[err] 5 where M and Mmﬁ"mrﬁl&ﬂ lons of the predefined
bl ock and i, j denotes a row and c f a pixel in the

predefi ned bl ock; and 2B) “the I°ocAl variance of the DFD is

determ ned using the follow ng equation: 10

[err] where M and N are the dinensions of the predefined bl ock
and i, j denotes a row and colum of a pixel in the predefined

bl ock. 15 3. The nethod of claim 11&herein at | east one of 3A-3C
3A) the noise visibility function is determ ned using the foll ow ng

equation: 20  where o} is the local variance, o7 is the noise variadcednH © is the predetermined

image type;
3B) the Gaussian kemel is determined using the following equation:

5 g(m.n)= %e['%%;]

where o7 is the predetermined base variance, Z is the predetermined normalizing
coefficient, v(@) is the noise visibility function, and m.n denotes a row and column
of a pixel in the DFD; and

10 ' 3C) the DFD convolved with Gaussian kemel is determined using the

following equation:

m=3
#=S

DEDG,jy= Y ¢(m,n)DFD(i — m, j~n),

a
=0

15  where g(m,n) is the Gaussian kernel and m,2 denotes a row and column of a pixel in
the DED.

4, The method of claim 1 wherein at least one of 4A-4C:
4A)  the steps of the method are embodied in a tangible medium of/for a
20  Digital Signal Processor, DSP;
4B)  the steps of the method are embodied in an Application Specific
Integrated Circuit, ASIC; and
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where [err] is the local variance, [err] is the noise variance, and [err]
is the predeterm ned i mge type; - 3B) the Gaussian
kernel is determ ned using the follow ng equation: 5

[err] woorples e [err] i s—t+he—predeterni ned base variance, Z is the
predet ermi ned nornal i zi ng iecd v([err]) isPEHES%6E0132
visibility function, and mm der“"ﬂi%!mjmﬂm | unm of a pixel in
t heDFD; and 10 3C) the i th Gaussian kernel is
determ ned using the foll owi ng equati on:

[err] 15 where g(mn) is the Gaussian kernel and mn denotes a row
and colum of a pixel in t he DFD. 4, The nethod of claim1

wherein at | east one of 4A-4C 1% 4A) the steps of the nethod
are enbodied in a tangi ble nmediumof/for a 20 Digital Signal Processor,

DSP; 4C)  the steps of the method are embodied in a tangible medium of/for gate
. array,

5. The method of claim 1 wherein the steps of the method are embodied in a

5 tangible medium of/for a Computer, and where selected, wherein one of SA-5B:
SA) the tangible medium is a computer diskette;

5B) the tangible medium is a memory unit of the computer,




4B) the steps of the nethod are enbodied in an Application Specific

Integrated Circuit, ASIC, and WO 97/ 04589

PCT/ US96/ 10139 - 13

4C) the steps of the nethod are ﬂﬁml bl e medi um of /for gate
array. wo0937/4s89 The met hod o;m ﬂﬁ‘\“ﬂm\m t he st epscmalseédmsoet hod
are enbodied in a 5 t angi bl e /f"or Sa corrputer and where

sel ect ed, wherein one of 5A-5B: 5A) the tangible nmediumis a

comput er di skette;

5B) the tangible mediumis a nmenory unit

of the conputer. WO 97/ 04589
PCT/ US96/ 10139 14
6. An apparatus for spatially adaptive filtering a displaced frane

difference, a

10

15

20

6. An apparams for spatially adaptive filtering a displaced frame difference, a
DFD, the DFD is a difference between a video frame and an estimated video frame,
the apparatus comprising:

anoise vaxianée determiner, operably coupled to receive the DED and a
predetermined signal-to-noise ratio, for determining a noise variance of the DFD

based on the predetermined signal-to-noise ratio;

a local variance determiner, operably coupled to the noise variance determiner
and operably coupled to receive the DFD, for determining a Iocal variance of the
DFD based on the noise variance and the predetermined signal-to-noise ratio;

a noise visibility determiner, operably coupled to the noise variance
determiner and the local variance determiner and operably coupled to receive a
predetermined image type, for determining a noise visibility function based on the

noise variance, the local variance, and the predetermined image type;

a Gaussian kemel determiner, operably coupled to the noise visibility
determiner and operably coupled to receive a predetermined base variance, for
determining a Gaussian kernel for every pixel in the DFD based on the noise
visibility function, a predetermined normalizing coefficient, and a predetermined base

variance; and



DFD, the DFD is a difference between a video franme and an estinmated video
frame, t he apparatus conpri sing: a noi se vari ance
determ ner, operably coupled to receive the DFD and a pr edet er mi ned
signal -to-noise ratio, for determining a noise variance of the DFD

based on t hwopyses er m ned signal -to-noise rati o; - a local
vari ance determ ner, operabl - Fse vari anBET/HSAs401P ner 10

and operably coupled to receive erm ning a |l ocal variance
of the DFD based on the H"mmmg"mm"d the predeterm ned

signal -to-noi se ratio; * ¢ L amnoissex«visibility determ ner,
operably coupled to the noi se variance . . determner and the | ocal
vari ance determ ner and operably coupled to receive a 1 5 pr edet er mi ned
i mage type, for determning a noise visibiqsty function based on the

nokse variance, the |ocal variance, and the predeterm ned i mage type;

a CGaussi an kernel deteonvolver, opemablyzbipled ik ; J visibilit
determ ner and oglferabl y coupl ed tb]g re%ei ve aeglr%@’e%%?er%iﬁgagﬁﬁﬂg@d\?mg ce,
for 20  det er niPYRIRf 1q resgive $hedPFIR fonednvolvingaheDFD WithGhe Ghusse kER Hased on

t he noi se bSibility fupnction, a predeterm ned normal izl ng
coefficient, an&m\é’k‘%ﬁ‘g&%’é&ﬁﬁﬂ@rﬁ%@ vari ance; and WO
97/ 04589

PCT/ US96/ 10139




15 a convol ver, operably coupled to the Gaussi an kernel

determ ner and operably coupled to receive the DFD, for convol ving
the DFD with the Gaussian kernel to provi de an adaptively filtered
DFD. WD 97/ 04589

PCT/ US96/ 1013%v0 97/04589 pa1iUs96/10139 7.
The apparatus of claim6 wherein _at Ieast one of 7A- A

t he noise variance is determ ne{iﬂ Hman energy contained in

each predefined bl ock using the!'f8 [err] where M
and N are the dinensions of the predefined block and i, j denotes a row and
colum of a pixel in the predefined bl ock; and 7B) the | ocal
variance of the DFD is determ ned using the foll ow ng equation: 10
[err] where M and N are the di nensi o8 of the predefi ned bl ock and
I, ] denotes a row and colum of a pixel in the_predefined bl ock. 1
5 8. The appar'ét us 'BPaBP%W@MﬁéYWatII@é%Qm@ﬁ@R&B'SA-8C

gg\ﬁat ihgn:nOI se visibili t,’yA)f ur‘}‘ct Io%vﬁmggfs%eten&nd uysé ! %nrl]gGan gnlelrg%'vgontgmedm

each predefined block using the following equation:
03(B.)=7 Y (DFDG.))

MN 4.5e8.)
5
where M and N are the dimensions of the predefined block and i, j denotes a row and
column of a pixel in the predefined block; and
7B) the local variance of the DFD is determined using the following
equation:
10

o’(r)=rm— E(DFD(HI: i+

~Ksks
LSFSL

where M and N are the dimensions of the predefined block and i, j denotes a row and

column of a pixel in the predefined block.

15 8. -The apparatus of claim 6 wherein at least one of 8A-8C:
8A) the noise visibility function is determined using the following

equation:

20
where o7 is the local variance, o} is the noise variance, and @ is the predetermined

image type;

¥



20 where [err] is the local variance [err] is the noise variance, and

[err] is the predeterm ned | mge type; WO 97/ 04589
PCT/ US96/ 10139 17
8B) the Gaussian kernel is determned using the follow ng equation:
[err] Woonilpgse [err] is the predeternined base vari ance, Zis the
predeterm ned normalizing coefficient, v([err]) i 8CTH896A8138¢
visibility function, and mn gj’“ﬂﬁﬂ"ﬂ"ﬁﬂﬂjﬂ col um of a pixel in
t he DFD;, and 8 convol ved with Gaussi an :
kernel is determ ned using the oI I dwi ‘hg equation: 10
[err]

17

8B)  the Gaussian kemnel is determined using the following equation:
1 [ m°+n ]
glmn)= e w(8)o?

5 where ; is the predetermined base variance, Z is the predetermined normalizing
coefficient, (@) is the noise visibility function, and m,» denotes a row and column
of a pixel in the DFD; and

~ 8C)  the DFD signal convolved with Gaussian kernel is determined using

the followmg equation:
10 '

m=5
n=5

DFDG, j)= Y, g(m,n)DFD(i~m,j - ),

m=0
n=0

where g(m,n) is the Gaussian kemel and m,n denotes a row and column of a pixel in
the DFD.

15 o The apparatus of claim 6 wherein at least one of 9A-9C:
9A) the apparatus isin a Digital Signal Processor, DSP;
9B). the apparatus is in an Application Specific Integrated Circuit, ASIC;
and
9C) the apparatus is in a gate array.
20
10.  The apparatus of claim 6 wherein the apparatus is embodied in a tangible

medium of/for a computer, and where selected, one of 10A-10B:




where g(mm) is the Gaussian kernel and mn denotes a row and colum of a

pi xel in t he DFD. 15 9. The apparatus of claim®6 wherein at
| east one of 9A-9C: 9A) the apparatus is in a Digital
Si gnal Processor, DSP; 98) the _appar at us is in an

Appllcatlon S@g(‘,l,,&g, nt e grated Clrc C)'

PCTAIS96/10139
the apparatus is in a gate arra “ll"l g‘lw)l The apparatus 0 cIa m 6
wherein the apparatus is ertbodl medi um of /for a

o

comput er, and where sel ected, one 10A- 1OB WO 97/ 04589
PCT/ US96/ 10139 18

10A) wherein the tangible nmediumis a conputer diskette; and
10B) wherein the tangible nmediumis a nenory unit of the computer.

10A)  wherein the tangible medium is a computer diskette; and

10B) wherein the tangible medium is a memory unit of the computer.



