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Brief Overview

« Compressed domain image processing algorithms —in
encoded JPEG image domain
» Provide a powerful computation alternative to classical
« This field is in its beginning
« The algorithms reported in the literature are mostly based on linear
arithmetic point operations (addition, substraction, multiplication)
e Addressed problem
« Implementing a nonlinear operator using compressed domain
processing — digital image enhancement using fuzzy theory
¢ Advantage:
* No need to decompress/ recompress the whole image prior to
enhance/ after enhance
» For the 8x8 size blocks processed in the compressed domain, the

enhancement algorithm implies a single comparison of the DC
coefficient with the threshold (instead of 64 - at pixel level)
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JPEG domain image enhancement
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¢ There are two ways to enhance the images compressed
with JPEG
« Compressed domain processing = no decompression
« Pixel level processing = enhance the image after decompression

Decompression Compression

¢ In our algorithm the enhancement unit is added to the
JPEG decoder just before the decompression
« Adaptive minimal decompression:
« full decompression no longer needed, but

« decompression used for blocks with many details for improved
accuracy

jap |

Contrast improvement with fuzzy theory

Analytical and graphical representation of the fuzzy
contrast enhanced function:

U ={u(i, j) e[0.1], wherei=0, 1.., H-1 j=0, 1., W—T

11 It

IntU(i,j):{ 2-[uGi, j)I?, if 0<u(i,j)<05
1-2-[-u(i, )i, if 05<u(i,j)<1 05
where i=0,1..,H-L j=01..,W-1
0 0.5 IU

* Uis original image and IntU is enhanced image

» For contrast enhancement with fuzzy functions -
the square of each pixels’ luminance is needed =>
a nonlinear operation
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Convolution of the image in the
compressed domain

- the square of each pixels’ luminance is needed — nonlinear operation;
implemented in the compressed domain using convolution:

Un6,K) =S EECX) %) )0 ) -

4-Qx%) T
Uy i) - DCT = B U (0 ¥a) Ui () W (Y., Y, W, W X, )
coefficients in the e Qv y)-Q, )
block where: W, (Y,, Y, W, W,, X, =V Vo) R )\ VW) W(X,, Y, W,
Do 1~ DT ) = ) YO8 W) WOk Yo )
hthe block with: W(x,y,w)=X.C(i.x)-C(i.y)-C(i.w)
matrix T
Ugq (i) =U(1.j) ) 1
= (i) —=, for x=0
C(i,x):A(x)oos(z i+1) x;r; A =172 for x
16
1 for x#0

Uy — is zero for most values
* Inthe Wq(yy1,YoW1,W5.X1,X5) funpt!on only about 4% (?f the terms are non-zero
=>we can efficiently compute this sum
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Fuzzy image enhancement in the
compressed domain

i s+ 2:Up 128, if DC<0
et =12.0,, U, . ~128 if DC>0

IntU,,, = the enhanced 8x8 image block in the compressed domain

dct

det,sq

* Is based on the contrast improvement method with fuzzy theory

¢ Theluminance values are scaled symmetrically towards 0 => the
threshold for the fuzzy algorithm in the compressed domain
should have the value 0

« The algorithm is applied on the DCT coefficients - only the DC
g?efEcient will be compared with the threshold for each 8x8
oc
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Image enhancement algorithm

» for each 8x8 pixels block of the JPEG image
» The average amount of A.C. energy E,. is computed

iJ
Epn =
AC 63
 If Epc <@y -then the block can be considered to have
quasi-uniform luminance and it will be processed in the
compressed domain

2
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« If Epc > - then the block has a significant content of
details and it will be decompressed, every pixel from
the block being processed separately (point-wise).

Note: the value e, represents the selection threshold
between the quasi-uniform blocks and the blocks with a
significant number of details
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The ey, threshold selection

Blacks piocemsed ot plast Dol [ ]
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The value ey, is chosen from the experiments, taking into account the image statistics

A very small ey, value will always lead to very good quality of the output images,
* but the number of processed blocks in the compressed domain will be quite
small,
« so the complexity of the computing algorithm is not significantly small compared
with the direct processing on the pixel level

An appropriate value will lead to the increase of the number of blocks processed in
the compressed domain
=>in this way we can obtain a fast fuzzy algorithm for image enhancement
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Original image: Image luminance: 1° Blocks processed af pinel level [} 17.50%

Driginal mage:

lap

Energy threshold [DETE [10] Number of blacks pracessed in the compressed domain: 931
Number of blocks processed ot pivel level. 69
Image luminance: |7 Blocks processed st pivel level [%]. B.90%

. Processed image

MSE =645 %

SSIP 2007

s

.

Piocessed image

SSIP 2007

Eresgy Brashokd [OCTE 10 Buber o blovks peocised i compoessed domars 1620
e Muambe of bocks paccatsed o pissl st 155
Tmx

MIEL22%

Dogrod e 0 ek

SSIP 2007

Ermgy tveshekd OCT) M usmbes of bhocks procetsed in he comgsested domar 1291

= umber of bocks processed of pvelevel 279 MEE=3TTX
- 15

Contrast
enhancement by -

Tang [5]

SSIP 2007




. Nunber of thocks pescensed f ped et 61 MEE 28 Y
el 4] 5083

SSIP 2007

SSIP 2007

Enengy theesheid [DCT) [ Musmbes o bdocks processsed o the cormpressed dosm: 805

'_. Musrbes of blocks processed o paedlevet 108 MSE =590 %
o

Blocks frocasnd ot prosl bl %] 11.29%

SSIP 2007

References

Brian Smith, Lawrence A. Rowe, “A New Family of AI%onthms for Manlpulaﬂng Compressed Images”,
IEEE Compuler Graphics and Applications, Sept. 1993, vol.13, (n0.5), p: 34-
Pal S. K., King R. A, “Image Enhancement Using Smoolhmg wuh Fuzzy Se(s’ IEEE Trans. Systems
Man ‘and'Cybernetics, Vol. SMC-11, No. 7, 1981, pp. 494-
ang, “A contrast based image fusion technique in |he DCT domain”, Digital Signal Processing,
2004 volume 14(3), p. 218226

mpr d domain based on multi-scale
a\pha rooting algunlhm" PRL (27) o 10, 15 July 2006 p 1054-1066
J. Tang, E. Peli, S. Acton -, Image enhancement using a contrast measure in the compressed domain”
~signal Processing Letters, IEEE, Volume: 10, Issue: 10, Oct. 2003, p. 289 — 292
Kebin An, Qiang Ni, Jun Sun, A contrast
Electronic Express 1(18): 582-587 (2004)
Sung Hak Lee, In-Ho Song, Soo-Wook Jang, Eun-Su Kim, Kyu-lk chhn%v Enhancement of Color
Cnnlrasl Using Modified DCT Coefficients in High Chroma images”, IPCV, 2006, Nevada, USA, p. 321-

method for p images”, IEICE

Q ang — “A new contrast measure based image enhancement algorithm in the DCT domain”,
IEEE Sys&ems Man and Cybernetics, Oct. 2003, vol IIl, p. 2055-2058;
J. Kim, E. Peli, “MPEG based image enhancement for people with low vision”, Soc for Information
Dlsplay, Dlgest of Technical Papers, 2003, p. 1156-1159
V. Mezaris, |. Kompatsiaris, M. G. Strintzis, "Compressed-domain object detection for video
unders(andlng Proc. Workshop on Image Analysis For Multimedia Interactive Services (WIAMIS),
April 2004, Llsbon Portugal.
V. Mezaris, |. Kompatsiaris, E. Kokkinou and M. G. Strintzis, "Real-time compressed-domain
spallolemgcral video segmentation”, Proc. Third international Workshop on Content-Based Multimedia
Indexing, France, 2003, p. 373-380
Pedro Miguel Fonseca and Jan Nesvadba — , Face Tracking in the Compressed Domaln" EURASIP
Juumal on Applied Signal Processing, vol. 2006, articol ID 59451, 11 pagini, 2006

Gunturk, Yucel Methods for Compressed
\/Iden" leee Slgna] Processing Leners Vol. 9, No. 6, June 2002
GA Tnanta(yll\dls 'M Varnuska D Sampson D. Tzovaras, M.G. Strintzis, “An _ efficient algornhm(or

o mages”, C

and Graphics, Volume 27(4), August 2003, p
Loy

529 534 Publisher: Elsevier

SSIP 2007

Conclusion

e The experimental performance results

show that:

» the computational complexity of the
enhancement can be significantly reduced:

» at most 25% blocks (for complex images) are
processed at pixel level

e preserving the qualitative performance of

classical algorithm
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