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A Practical Postprocessing Technique for
Real-Time Block-Based Coding System
Yuk-Hee Chan, Sung-Wai Hong, and Wan-Chi Siu

Abstract—In this paper, a noniterative postprocessing method decompressed image and is fully compatible with the existing
is proposed to restore the images encoded with block-based com-JPEG standard.

pression standards such as Joint Photographic Experts Group However, though most of them were proven to be very

(JPEG). This method classifies small local boundary regions ac- Lo oo - .

cording to their intensity distribution and then selects appropriate ?ﬁ?Ct'_Ve In eI|m|.nat|ng the quckmg effect, there are still SPme
linear predictors to estimate the corresponding boundary pixels limitations. For instance, projection methods are not suitable

in the regions. This approach is easy to implement and we found for real-time application since they are basically iterative

in our simulations that its restoration performance was very algorithms which typically require exhaustive computation
respectable compared with the reported postprocessing methods.and take time for the estimate to converge to a desirable
Index Terms—Block-based coding, codec, deblocking, image solution [7]-[11]. On the other hand, some methods aim at the
restoration, JPEG, postprocessing technique, vector quantization. enhancement of the image quality instead of the restoration of
the image, and therefore the distortion may even be enlarged

|. INTRODUCTION after the process [6], [8].

In this paper, a noniterative postprocessing method is pro-

HE Joint Photographic Experts Group (JPEG) imag,seq to restore the JPEG-encoded images. This method
1 compression standard [1] has been widely used as @Qgsifies small local boundary regions according to their inten-
industrial standard for still image compression. In this staQyy gistribution and then selects appropriate linear predictors
dard, source images are first divided into nonoverlapped blogkSesiimate the corresponding boundary pixels in the regions.
of size 8 x '8 each. Each block is then transform.ed With his approach is easy to implement and we found in our
discrete cosine transform (DCT). Transform coefficients atgmjations that its restoration performance is very respectable

quantized and encoded with an arithmetic or Huffman codingmpared with the reported postprocessing methods [6]-[11].
technique. Since it is basically a block-based process, little of

the interblock correlation is exploited during the compression,
and therefore it causes visible discontinuities among adjacent ) o )
blocks. This blocking effect is generally considered to be the TO & certain extent, the elimination of the blocking effect can
most noticeable artifact in the reconstructed image. be viewed as a process of image restoration. This restoration
Two common strategies have been used to reduce f@C€SS involves the modification of the JPEG-encoded image.
blocking effect. One tries to retain some information of thé/hen there is no extra information about the original image,
interblock correlation in the transmitted message. This c&RY modification is solely based on assumptions. In other
be done by embedding interblock correlation in the transforferds, postprocessing could cause degradation instead of
coefficients [2]-[4] or by directly sending extra information tdmProvement in the image quaI!ty. Tp minimize the p033|b|l|ty
the receiver via additional channel bandwidth [5], [6]. Som@f the occurrence of degradation, it is reasonable to modify
of these methods can achieve a remarkable performance®nféw image pixels as possible during the postprocessing
eliminating the blocking effect. However, since these metho@§0cess. Since the blocking effect appears as the discontinuity
generally have to modify the basic transform coding structufénong adjacent blocks, it would be a good idea to smooth
of the existing JPEG standard, it is difficult or even impossibf@€ discontinuity by modifying the intensity of the boundary
to integrate them with the current industrial standard. pixels. However, as for the intrablock pixels, it is better
The other strategy is to restore or enhance the image quaifly€ave them without modification in order to minimize
by using postprocessing techniques. Typical examples inclUfi disturbance to the image pixels, especially when the
block-boundary filtering [6] and convex projection (POCS§OMpression rate is not too high. .
[7]-[11]. This strategy has appeal since it only requires the I_t is vyell knoyvn that the blockl_ng effe_ct is a consequence
of ignoring the interblock correlation during the compression.
Manuscript received November 3, 1995; revised May 10, 1997. This pap-Eherefore’ one of the best ways to restore the original image
was recommended by Associate Editor K.-H. Tzou. This work was supportisl t0 make use of the residue interblock correlation in the
by The Hong Kong Polytechnic University Grant A/C 350.255.A3.420.  JPEG-encoded image to recover the block boundary pixels. In
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the boundary pixels in the region concerned and then make , ok -
use of the statistics obtained to predict the original pixel “pixel * \, plock boundarx,_ /"2@2,{52;‘)“
intensity. Since there is typically a considerable amount of \ o vl

residue interblock correlation remaining in the JPEG-encoded ~ fleck [ ; Bis
images, a good prediction result can be obtained based on "~ ‘ -
the statistics even though only a simple linear prediction is T
performed. e
Consider an eight-pixel line segment which is perpendicular

to the block boundary as shown in Fig. 1. This segment is .
composed of two block boundary pixels and six neighboring | Vil

pixels in line with them, which forms a pixel vector. Without :{:f'

pixel vector
{Horizontal)

losing the generality, we assume that the pixel vector obtained
after JPEG encoding i = (vo, v1, V2, U3, U4, Us, Us, U7).

Our ObJeCtlve Is to predlct t.he orlg_mal boundary pl)_(@i§_ Fig. 1. Pixel vectors generated from images under JPEG coding.
andp, as accurately as possible. This can be done with linea
prediction by making use of the intensity correlation among
the original boundary pixels and their neighboring pixels in

the JPEG-encoded image. Assume that the predicted yalue Consider the case Fhat there is a codebook cor_wtaming
is given by codewordsC = {¢: i = 1,2,---, N}, where NV is the

number of classes into which we are going to classify the

. 7 , pixel vectors. For any given mean-removed input pixel vector,

b3 = Zaﬂ’j +m (1) classification is carried out by performing a VQ encoding
=0 procedure. That means one has to select a codeword which is
wherea;’s are scalar prediction filter coefficients, = v;—m, _closest to the givep _mean—remc_)ved pix_el vector. _Th_e selection
andm — 1 2]7:0 v;. The selection of the filter coefficients!S based on the minimum Euclidean distance criterion, where

8 . . . . 7
should be based on the least-squares minimization criterid}f Euclidean distance measure is defined as)_j_ (i, ;-

[12]. In other words, one has to minimize the prediction errd)” @nd ci,; is the jth element of codeword;. The index

J = E[e2] = E[(ps — p3)?] in an average least-squares sense€ {1,2,.--, N} of th_e cho§en code\_/vord is then equ[valent
whereE[] is the expectation operator. The minimization.of to the class number with which the pixel vector associates.
can be achieved by satisfying the critefld/da; = 0 for all The codewortjs have to pe carefully chosen such that they
a;, which results in the following formulation: are representatives of their corresponding classes of pixel
vectors. As usual, the codebook has to be designed with a set of
E(vovo) E(vivg) -+ E(v7vp)] [ao training vectors prior to its application. Typical JPEG-encoded
E(vhvr) E(vivy) - EQ@1) | | images can be used to generate training vectors. In particular,
: : : : all vertical and horizontal mean-removed pixel vectors of the
E(vivl) E(wvh) - E(hh) ] Lar image.s: except those containing block corner pixe!sZ are used
a0 "E[(ps — m)v)] as training vectors. Th(_a reversed vector of each training vector
ay E[(p3 — m)v!] is also used as a training vector to double the size of the
=Ryw| . | = ) . (2) training set. Then, the LBG algorithm [13] is used to generate
: : the optimal codebook with the set of training vectors. To assure
a7 LE[(ps — m)v7] the effectiveness of the postprocessing method, the training set
Prediction coefficients;;'s can then be determined providedshould be large enough and able to represent the statistics of
that R}, exists. the images to be coded.

The prediction filter forp4 can also be deve|oped in a The deSign of the codebook and the prediction filters could

similar way. However, to avoid doubling the number of filter§& computation-intensive, but their realization can be off-
required, pixelp, can be predicted by processing the reverséiie and no second realization is required once it is done
vector 7, = (vr, ve, Us, V4, U3, Va, U1, Vo) iNstead of with unless the nature of input images is greatly changed. In real-
the same prediction filter. time application, the proposed method consists of two stages.
To assure the robustness of the prediction, pixel vectors &rig. 2 shows the block diagram of the proposed postprocessing
classified into different classes such that a dedicated predictioethod. After a JPEG-encoded image is decoded, pixel vectors
filter can be designed based on the statistics of a particutdrthe decoded image are mean-removed and then classified
class of pixel vectors by making use of the above techniqueith a VQ encoder. Based on the output of the VQ encoder, an
As most of the interblock correlation can be reflected byppropriate prediction filter is selected for each mean-removed
the smoothness of the intensity distribution across the blopkel vector. This vector is then fed into the filter to get a
boundary, pixel vectors should be classified according to thgirediction value. The boundary pixel predicted will then be
intensity variation. One of the simplest but most effective wayassigned the rounded result of the prediction value if it is not
to achieve this objective is to make use of the concept of meamlock corner pixel. Note the reversed vector of the processing
removal vector quantization. pixel vector is also a pixel vector and it gives another boundary
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TABLE |
RESTORATION PERFORMANCE OF VARIOUS JPEG BSTPROCESSINGMIEETHODS IN TERMS OF SNR IMPROVEMENTS (UNIT: dB)
Iterative.method Non-iterative method
JPEG Modified NID, Proposed approach with various numbers of classes
Pﬁ::;;d bpp P?7?S (E;]q Fllltgilng dc[(fs(]]m (lef‘lnbr]im‘ 1 class | 8 classes 16 classes | 32 classes | 64 classes
t Lenna 0.26 0.356 0.136 -0.039 0.940 1.242 0.353 0.503 0.534 0.551 0.586
1 House 0.28 0.008 0.149 -0.138 0.632 L1177 0.327 0.477 0.506 0.539 0.566
t Peppers 0.27 0.063 0.121 -0.022 0.917 1.277 0.314 0.465 0.496 0.520 0.5414
t Airplane | 0.29 0.161 0.122 -0.361 1.758 1.801 0.245 0.337 0.362 0.397 0.430
t Sailboat 0.29 -0.023 0.101 -0.219 0.940 1.094 0.213 0.297 0.317 0.332 0.313
Couple 0.20 0.189 0.122 0.021 -0.777 0.209 (.336 0.497 0.521 0.532 0.549
Girl 0.20 0.526 0.149 0.300 -0.593 0.261 0.413 0.574 0.595 0.609 0.614
Hat 0.28 0.713 0.210 0.586 -0.756 -0.001 0.66+1 0.828 0.854 0.880 0.896
Ciermany 0.20 0.297 0.112 0.119 -0.461 0.203 0.276 0.394 0.416 0.422 0.423
Tiffany 0.19 0.233 0.098 0.180 -0.639 -0.142 0.251 0.335 0.338 0.346 0.359

t Images that were used for training in the simulation of methods [15]. [16] and the proposed method.

their corresponding classes by using the approach mentioned

' Codebook . A )
L } ' s in the previous section.
__ class . . }
»[ VO encoder e The performance is evaluated in terms of the improvement
mean- T l in signal-to-noise ratio which is defined as
pixel vector ,i Mean “{’T‘S‘J’Td r[?’rcdiution Sh
5y — emoval dicty % - D,
o ! (‘—)L[‘];‘jl\llu‘l filter .q—} PPy
tor me ‘ Iz — Fy|?
_vector mean, m | A(SNR): 10 loglo || B IH2 dB (3)
CLASSIFICATION . __ PREDICTION ___] ||F r—Fr ||
| STAGE STAGE !

Fig. 2. Block di f th i i thod.
9 ock diagram of the postprocessing metho whereFg, Fig, andFy are the restored, the JPEG-encoded, and

the original images, respectively. Some other postprocessing

el when it qoes throuah the same procedures mentio méithods [6]—[8] for blocking effect elimination are also eval-
P 9 9 P ed for comparison. The termination criterion for iterative

above. As for those block corner pixels, they are restored at &thods is chosen to bR 1 — Fr ki ||2/|| Fr a2 < 102

B e o Yl herery i h estored Image aaned s i fraton
P Table | and Fig. 3 show the restoration performance of vari-

Ri)éelro\/j:ézg’ rg]seuItue(():fo?r?gu;\j(ea(rjapiexf/la\lljéueNist;stEEtntehde toi Bﬁs methods. One can see the superior restoration performance
ectors used for restorin bIockgcorner " els are com (F))s(? the proposed method compared with other postprocessing
v u ng PIX P %dethods [6]-[8]. In general, methods using low-pass filtering

of the restored boundary pixels. : .
The robustness of the prediction filter is guaranteed by tﬁg’ [8] may reduce the SNR since they are concerned with

o : . . the enhancement of the subjective quality by smoothing the
classification of pixel vectors and the following correspondmglock boundary. The modified JPEG decoders proposed in [15]
action. In fact, the classification process introduces a nonlin .

ear - . )
. X and [16] are efficient and practical, but their performance was
nature into the system. Theoretically, the greater the num [16] P P

. . ch more sensitive than that of the proposed method to the
of classes, the better performance it can achieve. Naturally, the brop

lexity gets hiaher t0o. but the burd be sianifi oice of the training set. This can be seen from the fact that,
complexity gets higher 0o, but the burden can be signi ICan(/é’ith the same small number of training images, its restoration
reduced by using the technique proposed in [14].

performance fluctuated from training images to nontraining
images, while the proposed method could provide much more
stable performance in our simulation. As a final remark, we
Computer simulations have been carried out to evaluatete that a few iterative methods such as [11] can occasionally
the restoration performance of the proposed method. Thehieve a slightly higher SNR improvement than the proposed
simulations are based on a set of 256 level grayscale digiaéthod can. However, due to their iterative nature, they cannot
images of size 256« 256 pixels. The blocky versions of fivebe used for real-time applications.
standard images “Lenna,” “House,” “Peppers,” “Airplane,” Table | also shows the performance of the proposed method
and “Sailboat” were used to generate a training set to olith various numbers of classes. It was found that, though
tain codebooks of sizeV, where N = §,16,32, and 64. more classes resulted in better performance, the marginal
These blocky versions were generated by coding the originaprovement decreased as the number of classes increased.
images with the JPEG scheme at a compression rate aro&ndm our simulation result, 8 to 16 classes would be ap-
0.27 b/pixel. Training pixel vectors were then classified intpropriate since it made the design simpler while maintaining
N classes with the corresponding codebook. Prediction filteasreasonable restoration performance compared with other
of various classes were then designed with training vectorsreported methods [6]-[11].

I1l. SIMULATIONS
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(€Y (b) ©

(d) (e) ®

@) (h)

Fig. 3. Reconstructed images with various JPEG-compatible deblocking decoding methods: (a) original (b) JPEG (0.2 bpp), (c) CLS [4],[16], Né&)p
proposed approach with no classification, (f) proposed approach with eight classes, (g) filtering [6], and (h) POCS [7] (testing image: girl).

[VV. CONCLUSION improved subjectively by eliminating most of the blocking

Based on linear prediction and vector guantization concept ect. . . L
P q P In this paper, we have considered the application of the pro-

an effective postprocessing technique for transform codlng IS ced method in JPEG coding. However, the same technigue

proposed in this paper. This technique is fully compatible wi n be applied to block-based transform video coding such
the existing JPEG standard and enables real-time applicatigd. mipEG standard. Since video sequence typically contains
Computer simulations show that the proposed method coydseries of images with similar statistics, even few classes
achieve a better restoration performance in terms of SNR ian achieve a respectable and consistent improvement in
provement compared with some other existing postprocessingage quality when the proposed method is exploited. This
methods [6]-[9]. Moreover, the image quality could also bis especially true in videophone application.
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