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Abstract: 　　 In this paper , we illustr ate tha t the zero tree quantizer developed o rig inally fo r wavelet compression

can be effectiv ely applied to Disc rete Co sine T ransform ( DC T ) in a hie rar chica l way. In this Hiera rchica l DC T

( HDC T) , th e input image is pa rtitio ned into a number of 8× 8 blocks and a first lev el DC T is used to each of

these blocks individually. As DC coefficients of DCT neigh bo ring blocks a re highly cor related and par ticula rly

pronounced to obtain the compression results at low bit rates, another lev el DCT is applied to only DC coeffi-

cients re-o rg anized as 8× 8 blocks. This procedure is repea ted until the last step is reached. All the HDCT coeffi-

cients within a DCT blo ck are then rear ranged into a sub-band structur e in w hich the ze ro tree quantizer can be

employed. The propo sed a lg orithm yields a fully embedded, low -com plexity coder with competitiv e PSN R per-

formance. Fo r example, wh en compared with the baseline JPEG on th e 512× 512 standa rd image “ Lena” , it

gains 0. 8 dB～ 1. 7 dB. In o rder to r emove the blocking effec ts in the r econstructed images, especially at low bit

ra tes, a simple and efficient m ethod based on Sobel opera tor s is also developed. Experimenta l results show that

the propo sed deblocking me thod w o rks w ell and enhances decoding fo r decompressed images bo th objectiv ely and

subjectiv ely.

Key words:　 disc rete co sine t ransform ( DCT ); image compression; embedded zer ot ree coding; da ta compres-

sion; data o rg ani zation

T ransform coding has been widely used in many practical image /video com pression systems because its quan-

tized coefficients after linea r tr ansfo rm can yield be tter compression results than direct coding o f image intensity in

the spatia l domain. KL transfo rm can be found to be optimal under cer tain conditions, how ever , signal-

independent sub-optimal approxima tions like DC T are often used fo r computa tional efficiency.
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In r ecent y ears, most o f the research activities in image coding have shifted fr om DCT to wavele t transforms,

especia lly after Shapir o introduced his famous embedded zero tr ee wavelet coder ( EZW ) [1] and Said and Pear lman

developed an alg o rithm by se t par titio n in hiera rchical t rees ( SP IHT ) [2] . Their methods provide very high com-

pression efficiency in term s of Peak Signal-to-Noise Ratio ( PSNR) ver sus required bits-per-pix el ( bpp) . But, it

should be no ted tha t th e high compression efficiency in the rate /distor tion sense quantitativ ely does no t co r respond

to the same deg r ee of compression efficiency in terms of visua l quality v ersus bit r ate. This has been pointed out in

Ref. [3 ] by compa ring v isual results based on wavelet and DCT.

Although wavelets ar e capable of prov iding mo re flex ible space-fr equency r esolution tradeo ffs than DCT , DC T

still can produce ve ry high compression efficiency wh en coupled with a zero tree quantizer instead of the tr aditiona l

methods used in JPEG. Some bet ter r esults using such techniques have been repo rted in Refs. [ 4, 5] , wher e EZD-

C T ( Embedded Zero tr ee DCT coding ) with arithmetic coding outper fo rms any o ther DCT-based coder published in

the liter ature[4 ] and STQ ( Significance T ree Quantization) w ithout using arithmetic coding is superio r to a ve rsion

o f EZDCT which a lso doesn 't use a rith metic coder [5 ]. We obse rve that DC coefficients in EZDCT are still highly

cor related and par ticula rly pronounced to obtain th e com pression results at low bit r ates. We also notice that a

maximum abso lute coefficient is outputted fir st fo r all DC T coefficients in EZDCT and STQ , actually th e maximum

absolute coefficients in each blo ck maybe gr eatly differ from each o ther , so it is not r easonable to output only one

n fo r all blocks. We present here an embedded zero tree image coder based on HDCT ( EZHDCT ) with improve-

ments on using DCT in a hie rarchical way and an additional step o f output ting the magnitude o f each block. EZHD-

C T achieves competitiv e PSN R perfo rmance w hen compa ring to other DC T-based coders, such as the ba seline

JPEG[6 ] , EZDCT and STQ. Another component of the wo rk presented h ere relates to deblo cking of DC T a r tifacts.

As blo ck-ba sed image coding schemes alw ays cause annoying blocking effects in the decoded images especia lly at

low bit ra tes, a simple and efficient deblocking method is propo sed to deal w ith this pr oblem. The param eter of

propo sed deblocking method can be adaptiv ely adjusted acco rding to th e complexity of the input image and the spec-

ified bit rate.

1　 Embedded Image Coding Method

1. 1　 HDCT structure

An input image (M× N ) is fir st div ided into n×n blo cks, w here n= 2L , L> 0. Each blo ck is then tr ansfo rmed

by a first lev el DC T. Each n× n DCT block can be treated as a L -scale tree o f co efficients labeled from 0 to

n×n- 1. Figur e 1( a ) is an example o f 8× 8 DCT (n= 8, L= 3) coefficients labeled f rom 0 to 63. The tr ee struc-

ture fo r 8× 8 DCT coefficients in Fig. 1( a) can be view ed as a 64-subband decomposition. Because DC coefficients

o f neighboring blocks a re highly co rr elated and pa rticular ly pronounced at low bit rates, a second level DCT trans-

fo rm is applied. This procedure is repea ted on a ll the DC coefficients ( (M /n)× (N /n ) ) with DCT blo ck size of m

×m until th e last step is r eached. This scheme is called HDC T ( Hiera rchical DCT ) .

All DCT coefficients with each block can be reo rg anized wh en an image is taken as a sing le entity. In order to

obtain th e dyadic decomposition such a s in EZW and S PIHT. Fo r example, we can take each 8× 8 DCT blo ck a s a

10-subband decomposition as wa s show n in Fig . 1( b) . In Fig. 1( b) , the ten subbands ar e composed of {0} , { 1} ,

{ 2} , { 3} , { 4-7} , { 8-11} , { 12-15} , { 16-31} , { 32-47} and { 48-63} coef ficients respectiv ely. One impo r tant step of

HDC T involv es the g rouping of the same subbands fo r all DCT blo cks. We call this g rouping of DCT coefficients

into a single DCT clust ering entity. This impo r tant step is illustra ted as in Fig. 2. In Fig. 2, Go0 means Group of

subband 0, . . . , Go9 means Group o f subband 9. Figure 3 is th e diag rammatic illust ration of the propo sed o rg ani-

za tion st rateg y. This pr ocedure is r epeated on all the DC coefficients ( (M /n )× (N /n ) ) with DCT block size of
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m×m until th e last step is r each ed. Figure 4 is an illustra tion of tw o-level r eor ganized DCT coefficients on the

512× 512 Lena image , wher em= n= 8. The g ray values in Fig. 4 ar e obtained by 255- 4* AB S (Coef ficient ) with

the exception of DC 's fo r bette r visual presentation.

It can be seen tha t ( 1) signa l energ y is com pacted mostly into DC coefficients and small number of AC coeffi-

cients related to th e edges in spatial domain; ( 2) cro ss-subband similarity and decay of magnitude acro ss subband;

and ( 3) w ithin subband cluste ring of significant co efficients. These DCT characteristics can be further utilized to

DCT-based coder s in o rder to ge t bet ter compression per formance and w ill w iden DC T applications, such as appli-

ca tions on image compression, image ret riev al, image r ecognition and so on.
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Fig. 4　 Two-Level r eorg anized DC T coefficients on Lena image

1. 2　Magnitude output def inition

For all co efficients, ci , j , in EZDCT , STQ , EZW and SPIHT , a va lue, n , can be obtained and outputted in

their initializa tion step,

n= [lo g2 ( max
( i , j )

{|ci , j|} ) ]. ( 1)

We obse rv ed tha t the maximum abso lute coefficients in each block maybe g rea tly differ f rom each o ther , so it is no t

r ea sonable to only use one n fo r all blocks. In EZHDCT , w e define nk fo r each Block k ,

nk= [lo g2 ( max
(m,n)

{|bm ,n|} ) ], ( 2)

wh ere bm,n is the coefficients in Blo ck k .

As there is much redundancy existed between nk and nk- 1 , a simple DPCM ( dk = nk - nk- 1 ) is used to deco r re-

la te them. In o rder to obtain dk dir ectly , such a mapping function is described as follow s:

Wi=
2|di|- 1,

2d i ,
　
if di < 0

o th erwise
. ( 3)

The binary output o fWi is 0. . . 01
Wi

. All its outputs become th e header info rma tion o f EZHDCT. At the cur rent

quantiza tion step nc , if nk <nc then no output; else output its zero tr ee information as was done in Ref. [2 ].

1. 3　 Embedded zerotree quantization

We identify the par ent-childr en rela tionships between DCT coefficients as in Ref. [4 ]. An embedded ze ro tree

quantizer is then applied to the tree-structure DCT coefficients. During zero tree quantiza tion, DCT coefficients in

the higher lev el a re quantized and outputted deno ting its significance /insignificance info rmation. The coefficients

with the same subband from all DCT blocks are g rouped together and scanned, star ting f rom the DC coefficients.

Zer o tree quanti zation w o rks by efficiently predicting th e childr en nodes based on significance o r insignificance of

their pa rents. An embedded zero tr ee quantizer r efines each input coefficient sequentially using a bitmap type of

coding scheme, and stops when the size of the encoded bitstream reaches th e exact ta rg et bit r ate.

1. 4　 Arithmetic coding

As with any o th er coding method, the efficiency o f our coder can be improved by entr opy-coding its output at

the expense of coding /decoding tim e. Prac tica l experiments have show n tha t no rmally th ere is lit tle to be gained by

entropy-coding the coefficient signs o r the bits put out during the refinement pa ss. On the o ther hand, the signifi-

cant v alues a re not equa lly pr obable , and th ere is a sta tistical dependence betw een a node and its descendents and

also betw een the significance of adjacent blo cks. In o rder to improve the compression per fo rmance and maintain the

low computational complexity o f our image coder , a binar y adaptiv e a rithmetic code r is designed as it is w ell know n
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that g o od implementations o f arithmetic coding produced bitstr eams o f leng th a lmost equa l to the ent ropy bound[7 ].

The probability models o f our a rithme tic coder ar e r ela ted to the positio ns o f th e encoded coefficients within the

blo ck. U sually 0. 3 to 0. 7 dB PSN R improvement can be obtained using our a rithmetic coder.

2　 Postprocessing on Block Boundary

One o f the majo r disadvantages of blo ck-based image coding tech niques is“ blocking eff ect” , especia lly at low -

er bit ra tes. Ther e a re tw o gener al approaches to reduce blo cking effects. One is to use overlapping schemes in the

encoding stag e[8] , a nd the o ther uses some po stpr ocessing tech niques in th e decoding stag e[9～ 12] . The above tw o

approaches can effec tiv ely r educe the JPEG image compression blocking effects. We want to point out tha t blo cking

effects in the r econstructed images of JPEG and the embedded DCT image code rs a re different because of their

quantiza tion stra tegies. In this paper, a po stpr ocessing technique ba sed on Sobel opera to r s and smoo thing con-

straints is pr oposed. Sobel opera to rs a re used to detect th e edges tha t should be w ell pr eserv ed ac ro ss block bound-

aries. Smoothing is only car ried out on the backg round along block bounda ries. Th e thr esho ld o f Sobel opera tor s is

r elat ed to a giv en quantization matrix ( Q fa ctor ) in the contex t of JPEG, but in our ca se, the threshold o f the So-

bel ope rato rs is related to the la st step of the zero tr ee quantiza tion and th erefo re is dependent on the input image 's

complexity and the specified bit rate.

2. 1　 Edge detection

Sobel opera tor s can be defined by tw o kernels: Hh ( i , j ) for th e ho rizonta l dir ection and Hv ( i , j ) for th e ver ti-

ca l direction. The ho rizonta l and ver tica l g radient images, Gh ( i, j ) a nd Gv (i , j) , ar e obtained by linear convolution

with Sobel kernels:

Gh ( i, j )= S (i , j )* Hh (i , j ) , ( 4)

Gv ( i, j )= S (i , j )* Hv (i , j ) , ( 5)

wh ere S ( i , j ) is th e decompressed image of our embedded DCT coder and * is the linear convolution opera tor.

The absolute, M (i , j ) , is defined by

M ( i, j )= |Gh (i , j )|+ |Gv (i , j )|. ( 6)

2. 2　 Smoothing constraint

Our smoo thing is only car ried out on the backg round along block boundaries. This is show n by the conditions

in the smoo thing opera tion:

S (i , j ) =

aS (i , j )+ bS ( i- 1, j ) ,

aS (i , j )+ bS ( i+ 1, j ) ,

aS (i , j )+ bS ( i , j - 1) ,

aS (i , j )+ bS ( i , j+ 1) ,

S( i , j ) ,

　

if E (i , j ) = 0 and i= 0 ( mod 8)

if E (i , j ) = 0 and i+ 1= 0 ( mod 8)

if E (i , j ) = 0 and j= 0 ( mod 8)

if E (i , j ) = 0 and j+ 1= 0 ( mod 8)

o th erwise

, ( 7)

wh ere a+ b= 1, and

E (i , j ) =
1,　 if M ( i , j ) > T

0,　 otherwise
. ( 8)

In Eq. ( 8) , E( i, j )= 1 means S (i , j ) is an edge pix el, while E( i , j )= 0 means S ( i, j ) belong s to a backgr ound re-

gion.

The per fo rmance o f our deblocking alg o rith m depends on the thresho ld T in Eq. ( 7) , which is expe rimentally

determined in considera tion o f the last step o f zer ot ree quantiza tion nL o f the input image, i. e. ,

T= 40(nL+ 1) - 150. ( 9)

It should be pointed out tha t ev en at the same bpp requirement, v arious images may have differ ent threshold, T ,
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since their nL .

3　 Experimental Results and Conclusions

Our EZHDCT image coder has been tested on many standa rd images. As an example, “ Lena” image ( 512×

512) is illustrated in this paper wh ere the lev el of DCT is set to 2. The coding r esults fo r“ Lena” a t diffe rent rates

compared w ith th e baseline JPEG[6 ] and the improved JPEG[13] a re listed in Table 1. From Table 1, w e can see that

after arithmetic coding , EZHDCT consistently outperfo rms the baseline JPEG by a lar ge marg in ( 0. 8 dB～

1. 7 dB) , 0. 3 dB - 0. 8 dB bet ter than the im proved JPEG in which JPEG 's quantiza tion table is optimized. Com-

pa risons with the o ther two embedded DC T coder s ( EZDCT [4] and STQ[5 ] ) a re tabulated in Table 2 ( all without

arithmetic coding ) . Table 2 show s that w hen a rithm etic coding is no t used, EZHDCT can pe rfo rm best compared

with EZDCT and STQ ( a t an aver age 0. 7 dB be tter than EZDC T, 0. 1 dB better than STQ) . Th e results of our

deblocking alg o rith m are show n in Table 3 and Fig. 5. From these r esults, we see that our deblo cking alg orithm

improves the objectiv e qua lity o f the decoded image in term o f PSN R from 0. 4 dB to 0. 8 dB. In the mean time,

most of the blocking effec t is removed, and visually improves the decompressed images. Fr om Fig . 5, we can see

that the improvement after deblocking is obv ious a lthough the deblocking scheme is sim ple.

Table 1　 Per formance compa risons o f EZHDC T with JPEG

PSNR ( dB)

b pp JPEG Im prov ed JPEG
EZHDCT

No ari thmetic coding Arithmetic coding

0. 25 31. 6 31. 9 31. 7 32. 4

0. 50 34. 9 35. 5 35. 5 36. 0

0. 75 36. 6 37. 5 37. 5 37. 8

1. 00 37. 9 38. 8 39. 2 39. 6

Table 2　 Perfo rmance comparisons of EZHDCT with embedded DCT code rs: EZDCT and STQ

PSNR ( dB)

bpp
No ari thmetic coding

EZDCT STQ EZHDCT

0. 25 30. 7 31. 2 31. 7

0. 50 34. 8 35. 4 35. 5

0. 75 37. 1 37. 0 37. 5

1. 00 38. 7 38. 8 39. 2

Table 3　 Deblocking results o f the 512× 512 “ Lena” image

PSN R ( dB)

b pp Decod ed imag e Postprocess ed imag e

0. 15 29. 4 30. 2

0. 20 30. 9 31. 6

0. 25 32. 4 32. 9

0. 30 33. 2 33. 6
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( a) and (b ) both decoded at 0. 15 bpp, w h ere ( a) th e d ecompres sed image, PSNR= 29. 4 dB, and ( b) the

deblocking image f rom ( a) , PSN R= 30. 2 dB; ( c) and (d ) both decod ed at 0. 25 b pp, w h ere ( c) the

decomp ress ed image, PSN R= 32. 4 dB, and ( d ) the deblocking imag e f rom ( c) , PSN R= 32. 9 dB

Fig. 5　 Deblocking results fo r center pa rt o f “ Lena” image

References:

[1 ]　 Shapiro, J. Embedded image coding using zerot ree of w avelet coef fi cients. IEEE Transactions on Sig nal Processing, 1993,

41( 12): 3445～ 3463.

[ 2 ]　 Said , A. , Pearlman, W . A new , fast , and ef ficien t imag e codec based on set parti ti oning in hierarchical t rees. IEEE

Transaction s on Ci rcuit s Sys tem Video Tech nology, 1996, 6( 3): 243～ 250.

[3 ]　 Xiong , Z. , Ramchand ran, K. , Orchard, M. Space-Frequency quan ti zat ion fo r w av elet image coding. IEEE Transaction s

on Image Processing, 1997, 6( 5): 677～ 693.

[4 ]　 Xiong, Z. , Guleryuz, O. , Orchard, M . A DCT-based embedd ed image coder. IEEE Signal Processing Letters , 1996, 3

( 11): 289～ 290.

[5 ]　 Davis, G. , Chaw la, S. Signifi cance tree quanti zation of the dis crete cosin e t rans fo rm. In: Proceedings of the IC IP. San ta

Barbara, Calif ornia, 1997, 1: 600～ 603.

[6 ]　 Pennebaker, W. , M i tchel l, J. JPEG Stil l Imag e Data Compression Standard. New York: Van Nos trand Teinhold , 1993.

[7 ]　 Bell , T. , Cleary, J. G. , W rit ten, I. Tex t Comp ression. Englewood Clif f s, N J: Pren tice-Hall, 1990.

[8 ]　 Reeve, H. , Lim, J. Reduction of blocking arti fact s in image coding. Optical Engieering , 1984, 23( 1): 34～ 37.

[9 ]　 Zakh or. Iterative procedures for red uction of blocking ef fect s in t ransform image coding. IEEE Transactions on Circui t s

Sys ten V edio Tech nology, 1992, 2: 91～ 95.

[10 ]　 Yang, Y. , Galats anos , N. , Kats agg elos , A. Regularized recon st ruction to reduce blocking artif act s of block discrete co-

sine transform comp ress ed images. IEEE Transact ions on Ci rcui ts System Vedio Technolog y, 1993, 3: 421～ 432.

[ 11 ]　 Xiong, Z. , Orchard, M . , Zh ang , Y. A d eblocking algo ri thm for JPEG comp ress ed images u sing overcomplete w avelet

rep resentations. IEEE Transact ions on Ci rcui ts System Vedio Technolog y, 1997, 7( 2): 433～ 437.

[12 ]　 Wang, Z. , Zh ang , D. A Nov el app roach for red uction of b locking effect s in low -bit-rate image com pres sion. IEEE Trans-

actions on Comm unication, 1998, 46( 6): 732～ 734.

[13 ]　 Wu, S. , Gersho, A. Rate-cons trained picture adaptiv e quan ti zat ion for JPEG baselin e coders. In: Proceedings of th e

ICASSP, 1993, 5: 389～ 392.

基于层次 DCT变换的嵌入式图像编码方法
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摘要: 提出了基于层次 DCT变换的嵌入式零树编码方法 .尽管嵌入式零树编码方法首先使用于小波变换 ,但结合

层次 DCT结构 ,基于 DC T的嵌入式零树编码方法依然可以取得很好的压缩效果 .层次 DCT首先将输入图像划分
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为 8× 8的图像块 ,然后对这些图像块进行第 1层的 DCT变换 .因为相邻的 DC系数高度相关 ,并且特别影响低比

特率时的压缩效果 ,因此第 2层的 DCT变换被应用于这些 DC系数上 .这一过程重复进行 ,直到最后一步为止 .因

为 DCT图像块通过重新组织 ,可以看做是类似于小波变换的子带结构 ,因此可以使用嵌入式零树编码方法 .实验

结果表明 ,所提出的基于层次 DCT变换的嵌入式零树编码方法具有较低的计算复杂性和很好的压缩效果 .例如 ,

与 JPEG相比较 ,对标准的 512× 512 Lena图像的而言 ,此方法可获得 0. 8dB～ 1. 7dB的提高 .为了去除低比特率压

缩所引起的图像块效应 ,提出了基于 Sobel算子的后处理算法 .实验结果显示 ,所提出的后处理算法对解码后的图

像不论是主观效果还是客观效果均有提高 .

关键词: 离散余玄变换 ;图像压缩 ;嵌入式零树编码方法 ;数据压缩 ;块效应 ;图像后处理

中图法分类号: TP391　　　文献标识码: A

第 4届中国计算机图形学大会 ( Chinag raph '2002)

征 文 通 知

由国家自然科学基金委员会 ,中国计算机学会、中国自动化学会、中国工程图学学会、中国电子学会、中国图象图形学会、中国

系统仿真学会、香港多媒体及图象计算学会联合主办的第 3届中国计算机图形学大会 ( Chinag raph '2002)将于 2002年 9月 23～ 26

日在北京举行。中国计算机图形学大会已成为华语学者计算机图形学的重要论坛。大会内容包括大会学术图形学热点问题专题研

讨 ,图形学最新成果和应用软件演示 ,并邀请国内外著名图形学专家到会作特邀报告。

该系列会议从第 3届 ( Chinag raph '2000)起 ,已设立中国计算机图形学贡献奖和中国计算机图形学杰出奖 ,每届会议各奖一

名。 此外 ,大会还将设立最佳论文奖。

本届计算机图形学盛会将面向海内外所有华语学者。会议由中科院软件研究所和微软中国研究院联合承办。热诚欢迎一切从

事计算机图形学研究、应用及软件开发的华语专家、学者和专业技术人员踊跃投稿。

一、征文内容

征文内容主要涉及计算机辅助几何设计、图形学基础理论与算法、科学计算可视化、基于图像的图形技术、工程图形及应用、

遥感及其相关技术、多媒体技术、真实感图形、计算机仿真、计算机动画、虚拟现实、交互技术、几何造型。

二、投稿要求

· 所投寄论文应在国内外未曾公开发表过 ,在理论或应用研究方面有创见。

· 论文应包括提要、关键词、作者姓名、单位、通讯地址、邮编、电话及 E-mail地址 ,并附作者简介。

三、投寄地址

· 论文以 E-mail方式投稿至 Chinag raph 2002@ ios. ac. cn

· 如电子投稿有困难 ,请将论文一式三份寄至:

100080　北京 8718信箱中科软件所计算机科学开放实验室　王文成、刘学慧同志

电话: 010-62522028　　　传真: 010-62563894

四、重要日期

截稿日期: 2002年 3月 1日　　录用通知日期: 2002年 4月 10日　　正式激光打印文稿提交日期: 2002年 4月 30日

五、评　奖

从 Chinagraph '2000起已设立中国计算机图形学贡献奖和中国计算机图形学杰出奖 ,每届会议各奖一名。 获奖候选人由国内

广泛提名 ,由程序委员会讨论和投票确认获奖者。 其中贡献将主要表彰和奖励长期从事计算机图形学研究 ( 10年以上 ) ,对中国计

算机图形学的发展作出重大贡献的学者。 杰出奖主要表彰和奖励在计算机图形学理论、算法的研究和应用成绩卓著的学者。

获奖候选人可由个人提名 ,也可集体提名 ,提名时请填写 “中国计算机图形学贡献奖、杰出奖候选人推荐表 ” (从 China-

g raph 2002网址可下载 ) ,于 2002年 3月 1日前寄程序委员会主席收。

六、 Chinagraph '2002网址: h ttp: / /w ww. ios. ac. cn /Chinag raph 2002
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