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An Overview of JPEG2000
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Outlines

• Standard Bodies:
¤ ,62� 6&��:*�� �-3(*� -%,*�

• JPEG2000:
¤ 7KH 6FRSH DQG *RDO RI -3(*����

¤ -3(*���� 6FKHGXOH

• Embedded Coding:
¤ (PEHGGHG %ORFN &RGLQJ ZLWK 2SWLPL]HG 7UXQFDWLRQ�(%&27�

• Region of Interest(ROI)
¤ 7KH )HDWXUH DQG ,VVXH RI 52,

¤ 'HULYH WKH 52, PDVN

¤ 7ZR ,PSOHPHQWDWLRQV RI 52, � 6HTXHQFH EDVHG PRG DQG 6FDOLQJ

EDVHG PRGH

¤ 0XOWLSOH 52,V
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The Scope and Goal of JPEG2000
• A new and unified coding scheme for all kinds of still images:

¤ &RORU� JUD\�OHYHO� DQG EL�OHYHO LPDJHV

¤ 1DWXUDO LPDJHV� VFLHQWLILF� PHGLFDO� DHULDO� UHPRWH VHQVLQJ LPDJHU\�

WH[W� DQG UHQGHUHG JUDSKLFV

• Low bit-rate compression performance
• Lossless and lossy compression
• Large images
• Single decompression architecture
• Computer generated imagery
• Compound document
• Transmission in noisy environments
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JPEG 2000 Features

• Not only better efficiency, but also more functionality
¤ 6XSHULRU ORZ ELW�UDWH SHUIRUPDQFH

¤ /RVVOHVV DQG ORVV\ FRPSUHVVLRQ

¤ 3URJUHVVLYH WUDQVPLVVLRQ E\ TXDOLW\� YLVXDO DQG UHVROXWLRQ

¤ )L[HG�UDWH� IL[HG�VL]H� OLPLWHG ZRUNVSDFH PHPRU\

¤ 5DQGRP FRGHVWUHDP DFFHVV DQG SURFHVVLQJ

¤ 5REXVWQHVV WR ELW HUURUV
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JPEG2000 Schedule

• Call for Contributions: 97/3
• Algorithm Evalution: 97/11
• Working Draft: 99/3 -- 99/7 (original:98/7 -- 98/11)
• Committee Draft: 99/7 -- 00/11? (orig: 98/11 -- 00/3)
• Draft Int’l Standard: 00/11 -- 01/3? (orig: 00/3 -- 00/7)
• International Standard: 01/3 -- 01/11? (orig: 00/7 -- 01/3)
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A Generic Image Codec

7UDQVIRUP 4XDQWL]HU

(QFRGHU

'HFRGHU

6WRUDJH

RU

&KDQQHO

2ULJLQDO

,PDJH

5HFRQVWUXFWHG

,PDJH

(QWURS\

&RGHU

,QYHUVH

7UDQVIRUP
'HTXDQWL]HU (QWURS\

'HFRGHU
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Wavelet Transform - A sample
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Wavelet Transform - 1D
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Symmetric Extension for Odd-tap Filters

D E F GG H G F E G F E D

([WHQGHG FRHIILFLHQWV

H

/� +� /� +�+� /� +� /� +� +� /� +� /�/�

6\PPHWULF GDWD 	 ILOWHU�

WKH WZR FRHIILFLHQWV DUH WKH VDPH�

+� /� +� /�/� +� /� +� /� /� +� /� +�+�

Phase 0

Phase 1

)LOWHU FRHIILFLHQWV
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Wavelet Transform - 2D
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Wavelet Packet Structure

PDOODW VSDFO SDFNHW
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Line based Transform

/LQH %XIIHU

/LQH %XIIHU

/LQH %XIIHU
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Recommended Wavelet Filter

L K� K�

� ������������������ �����������������

� ������������������ �������������������

� �������������������� ��������������������

� �������������������� �������������������

� �������������������

• Wavelet 9-7 filter for lossy compression
¤ %HVW SHUIRUPDQFH DW ORZ ELW UDWH

¤ 5HODWLYHO\ KLJK LPSOHPHQWDWLRQ FRPSOH[LW\� HVSHFLDOO\ IRU

KDUGZDUH
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Recommended Wavelet Filter (cont.)

• CRF 13-7 filter for lossy integer arithmetic mode
¤ ,QWHJHU DULWKPHWLF� ORZ LPSOHPHQWDWLRQ FRPSOH[LW\

L K� K�

� ������� �

� ������ �����

� ������� �

� ������� ����

� ������

� �

� ������
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Recommended Wavelet Filter (cont.)

• I 5-3 filter for lossless coding
¤ ,QWHJHU DULWKPHWLF� ORZ LPSOHPHQWDWLRQ FRPSOH[LW\

L K� K�

� ��� �

� ��� ����

� ���� �
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Quantizer

• Scalar quantizer with a dead-zone which the central dead-zone
is twice as large as the step size, ì
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Entropy Coding
• Embedded Coding: A major development of recent years
• Basic Idea: Bit plane approach

¤ 7KH PRVW VLJQLILFDQW ELWV DUH WUDQVPLWWHG ILUVW�

• Merits:
¤ 7KH DELOLW\ WR WHUPLQDWH HQFRGLQJ DQG GHFRGLQJ DW DQ\ SRLQW

¤ ,GHDO IRU SURJUHVVLYH LPDJH WUDQVPLVVLRQ

¤ (DV\ UDWH FRQWURO

• Drawback: Need to scan coefficients multiple times
• Embedding Coding Algorithm:

¤ (PEHGGHG %ORFN &RGLQJ ZLWK 2SWLPL]HG 7UXQFDWLRQ�(%&27�

DGRSWHG E\ 90�$
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Conventional Coding

4XDQWL]DWLRQ
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Embedded Coding -- Bit Plane
Approach
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Significance, Sign, Refinement
E
�
E
�
E
�
E
�
E
�
E
�
E
�

Z���

Z���

Z���

Z���

Z���

Z���

Z���

Z���

/

+

+

/

+

/
� �

�

� � �

� � � �

� � � � �

� � �

� � � � �

� � � � � � �

�

�

�

�

�

�

�

�

� � � � �
� � � �

� �
� � � �

� � � � � �
� � � �

� � � �
� � � �

� � �
� � � �

� �
� � � �

� � � �
� � � �

� �
� � � �

� � � �

� � � � � � �
� � � �

� � � � � � �
� � � �

�

� � � � � � �
� � � �

�

� � � � � � �
� � � �

�

� � � � � � �
� � � �

�

� � � � � � �
� � � �

�

� � � � � � �
� � � �

�

� � � � � � �
� � � �

�

� � � � � � �
� � � �

�

6LJQLILFDQFH 5HILQHPHQW 6LJQ



��

21
@NTUEE 
DSP/IC Lab

EBCOT (Embedded Block Coding
with Optimized Truncation)

• Proposed by David Taubman, HP, in JPEG Los Angeles meeting,
Nov. 1998.

• Key Ideas:
¤ 3DUWLWLRQ VXEEDQGV LQWR VPDOOHU EORFNV �H�J� ��[���

¤ )RUP LQGHSHQGHQW� HPEHGGHG ELW�VWUHDP IRU HDFK EORFN

• Key features of EBCOT:
¤ /RZ PHPRU\ UHTXLUHPHQW LQ FRGLQJ DQG GHFRGLQJ

¤ (DV\ UDWH FRQWURO

¤ +LJK FRPSUHVVLRQ SHUIRUPDQFH

¤ 5HJLRQ RI LQWHUHVW �52,� DFFHVV

¤ (UURU UHVLOLHQFH

¤ 6LPSOH TXDQWL]DWLRQ

¤ 0RGHVW FRPSOH[LW\

22
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Block structure in EBCOT

(QFRGH HDFK EORFN VHSDUDWHO\ 	

UHFRUG WKH ELWVWUHDP RI HDFK EORFN�

%ORFN VL]H LV ��[���
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Line buffering to form blocks

24
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Block Transposition of HL Subbands

&RHIILFLHQWV LQ +/

EDQG DUH WUDQVSRVHG

0DNH WKH HGJH VWUXFWXUH

VLPLODU WR /+ VXEEDQGV

�PDLQO\ KRUL]RQWDO HGJHV�
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EBCOT - Assemble the Bitstream

5HV�

5HV�

�

�

�
(QFRGH HDFK EORFN VHSDUDWHO\ 	

UHFRUG D ELWVWUHDP IRU HDFK EORFN

� � � � � �

$EVWUDFWLRQ /D\HU

%LWVWUHDP

5HDVVHPEOH WKH ELWVWUHDP� HQFRGHV DQ

DEVWUDFWLRQ OD\HU ZLWK WKH VWUXFWXUH RI WKH

ELWVWUHDP�

� 7KH ELWVWUHDP LV RUGHUHG ZLWK D SULPDU\

IXQFWLRQDOLW\� VXFK DV SURJUHVVLYH E\ TXDOLW\

RU SURJUHVVLYH E\ UHVROXWLRQ

� 7KH ELWVWUHDP PD\ EH SDUVHG WR DFKLHYH

DGGLWLRQDO IXQFWLRQDOLW\� VXFK DV SURJUHVVLYH

E\ UHVROXWLRQ� UHJLRQ RI LQWHUHVW DFFHVV� HWF��
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Block Embedded Coding

• Highlight
¤ IUDFWLRQDO ELWSODQH HPEHGGHG FRGLQJ� GLYLGH VXEEDQG ELWSODQH LQWR

JURXSV ZLWK VLPLODU VWDWLVWLFDO FKDUDFWHULVWLFV�

¤ 4XDGWUHH IURQW HQG WR UHGXFH FRPSXWDWLRQDO FRPSOH[LW\

¤ &RQWH[W DULWKPHWLF FRGLQJ

• Key Steps:

¤ :KHQ D EORFN LV ILUVW VHHQ� VHQG WKH PD[LPXP ELW SODQH LQ WKH ZKROH

EORFN

¤ 3DUWLWLRQ WKH EORFNV LQWR VXE�EORFNV ��[��

¤ 3URFHHG ZLWK ELW SODQH FRGLQJ

¤ $ TXDG�WUHH FRGH LV XVHG XS WR WKH VXE�EORFN OHYHO

¤ $IWHU UHDFKLQJ WKH VXE�EORFN OHYHO� VFDQ WKH ELW SODQHV IURP PRUH

VLJQLILFDQW WR OHVV VLJQLILFDQW



��

27
@NTUEE 
DSP/IC Lab

Subblock Division
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Quad-Tree Coding of Subblock
Significance
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Sub-block Scan Order
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Types of Coding Operations
• Zero Coding (ZC)

¤ 8VHG WR FRGH QHZ VLJQLILFDQFH

¤ �� FRQWH[WV DFFRUGLQJ WR WKH VLJQLILFDQFH RI LWV QHLJKERUV

• Run-Length Coding (RLC)
¤ *URXS � LQVLJQLILFDQW FRHIILFLHQWV ZKHQ WKH\ DUH YHU\ SUREDEOH

¤ 5HGXFH WKH DYHUDJH QXPEHU RI V\PEROV QHHGHG WR EH FRGHG

¤ 2QH FRQWH[W IRU ZKHWKHU DOO IRXU DUH LQVLJQLILFDQW

• Sign Coding (SC)
¤ 8VHG WR FRGH WKH VLJQ ULJKW DIWHU D FRHIILFLHQW LV LGHQWLILHG

VLJQLILFDQW�

¤ � FRQWH[WV EDVHG RQ WKH VLJQ RI IRXU QHLJKERUV

• Magnitude Refinement (MR)
¤ � FRQWH[WV GHSHQGLQJ RQ WKH VLJQLILFDQFH RI LWV QHLJKERUV DQG

ZKHWKHU LW LV WKH ILUVW WLPH IRU UHILQHPHQW
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Neighborhood in Zero Coding

Y
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&XUUHQW FRHIILFLHQW

K� QXPEHU RI VLJQLILFDQW

KRUL]RQWDO QHLJKERUV �����

Y� QXPEHU RI VLJQLILFDQW
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G� QXPEHU RI VLJQLILFDQW

GLDJRQDO QHLJKERUV �����
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Zero Coding Context
//� /+ DQG +/ VXEEDQGV ++ VXEEDQG

K Y G I FRQWH[W G K�Y I &RQWH[W

� [ [ ; � ≥� [ [ �

� ≥� [ ; � � ≥� [ �

� � ≥� ; � � � [ �

� � � ; � � ≥� [ �

� � [ ; � � � [ �

� � [ ; � � � [ �

� � ≥� ; � � ≥� [ �

� � � ; � � � [ �

� � � ≥� � � � ≥� �

� � � � � � � � �
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Run-Length Coding (RLC)

• Invoked in normalization if and only if
¤ � FRQVHFXWLYH KRUL]RQWDO V\PEROV DUH LQ WKH LQVLJQLILFDQW VWDWH�

¤ $OO � V\PEROV KDYH RQO\ ]HUR QHLJKERUKRRGV�

¤ $OO � V\PEROV DUH KRUL]RQWDOO\ DGMDFHQW DQG UHVLGH ZLWKLQ D VXE�

EORFN�

¤ $OLJQHG RQ D WZR�VDPSOH ERXQGDU\�

• Encoding:
¤ (QFRGHG D VSHFLDO V\PERO ZLWK D VLQJOH FRQWH[W� 7KH VSHFLDO

V\PERO LGHQWLILHV LI DOO � V\PEROV DUH LQVLJQLILFDQW ��� \HV� ��QR�

¤ LI DQ\ RI V\PEROV LV VLJQLILFDQW� D ��EDVHG LQGH[ RI WKH �VW

VLJQLILFDQW V\PERO LV VHQW DV D WZR�ELW TXDQWLW\ �DULWKPHWLF FRGLQJ

ZLWK EDODQFHG SUREDELOLW\ GLVWULEXWLRQ�
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Context in Sign Coding
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Magnitude Refinement

@�> QPσ� K�Y &RQWH[W

� [ �

� ≥� �

� � �

@�> QPσ� � :KHWKHU PDJQLWXGH UHILQHPHQW KDV EHHQ DSSOLHG

K� Y � 'HILQHG DV LQ ]HUR FRGLQJ

$Q\ RI LPPHGLDWH KRUL]RQWDO DQG YHUWLFDO QHLJKERUV

DUH VLJQLILFDQW�
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Context Statistics

• Each context
¤ 7� � ELW FRXQW RI WRWDO QXPEHU RI V\PEROV

¤ 1� � ELW FRXQW RI WRWDO QXPEHU RI V\PERO ¨�©

¤ %RWK FRXQW ILHOGV DUH LQLWLDOL]HG WR �

¤ :KHQHYHU HLWKHU FRXQWV RYHUIORZV� ERWK FRXQW ILHOGV DUH

QRUPDOL]HG ZLWK D ULJKW VKLIW

¤ $W HQG RI D ELWSODQH� ERWK FRXQW ILHOGV RI ]HUR FRGLQJ ��� FRQWH[WV�

DUH QRUPDOL]HG �ULJKW VKLIW� VR ORQJ DV� 7!�� 	 1!�

¤ 3UREDELOLW\ FDQ EH FDOFXODWHG E\ D ORRNXS WDEOH ZLWK �� ELWV ���N%�

¤ 1RWH�

� $GDSWHG WR WKH H[SHFWDWLRQ WKDW KLJKO\ VNHZHG FRQWH[W ZLOO EH VNHZHG

WRZDUG WKH � V\PERO

� $GDSWDWLRQ LV PXFK TXLFNHU WRZDUGV D OHVV VNHZHG GLVWULEXWLRQ
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Fractional Bitplane Block Coding
• Within each bitplane, there are 4 passes:

¤ )RUZDUG VLJQLILFDQFH SURSDJDWLRQ SDVV� 3� �=HUR &RGLQJ � 6LJQ

&RGLQJ�

� 2QO\ IRU VXEEORFNV ZKLFK DUH VLJQLILFDQW� DQG IRU DOO VDPSOHV ZKLFK DUH

LQVLJQLILFDQW DQG KDYH D SUHIHUUHG QHLJKERU �//� +/� /+� ZLWK DW OHDVW

RQH KRUL]RQWDO VLJQLILFDQW QHLJKERU� ++� DW OHDVW RQH VLJQLILFDQW GLDJRQDO

QHLJKERUV�

¤ %DFNZDUG VLJQLILFDQFH SURSDJDWLRQ SDVV� 3� �=HUR &RGLQJ � 6LJQ

&RGLQJ�

� 6LPLODU WR 3�� H[FHSW LQ UHYHUVH RUGHU DQG FRQVLGHU VDPSOHV ZLWK DW OHDVW

RQH VLJQLILFDQW QHLJKERU LQ WKH � LPPHGLDWH QHLJKERUV DQG QRW SURFHVVHG

LQ 3�

¤ 0DJQLWXGH UHILQHPHQW SDVV� 3� �0DJQLWXGH 5HILQHPHQW�

� 6LJQLILFDQW FRHIILFLHQWV QRW SURFHVVHG LQ 3� DQG 3�

¤ 1RUPDOL]DWLRQ SDVV� 3� �=HUR &RGLQJ � 5XQ�/HQJWK &RGLQJ � 6LJQ

&RGLQJ�

� $OO UHPDLQLQJ FRHIILFLHQWV H[FHSW WKRVH VXEEORFNV LGHQWLILHG E\ TXDGWUHH
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An Embedded Block Bit-Stream and
Its Possible Truncation Points
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An Example of Bitplane
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An Example of Bitplane (Continued)
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Pass 1: Forward Significance
Propagation
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Pass 2: Backward Significance
Propagation
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Pass 3: Magnitude Refinement
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Pass 4’: Quadtree Coding of Subblocks
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Pass 4: Normalization
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Post Compression  R-D Optimization

• Compress each block independently at a high enough rate
• Store rate distortion information for each coding pass
• After Compressing a number of blocks revisit the bit stream

¤ $OORFDWH ELWV DPRQJ GLIIHUHQW EORFNV

¤ 5HPRYH DOO H[WUD ELWV IURP EORFNV LQ DQ 5�' RSWLPDO ZD\

• The rate Distortion Optimization is only done at the encoder
• The decoder does not need to know about R-D information
• Post Rate Distortion Optimization is essential

¤ 5DWH FRQWURO

¤ +LJK FRPSUHVVLRQ SHUIRUPDQFH

¤ 2SWLPDO 'HFRGDEOH (PEHGGHG ELW VWUHDP
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Rate-Distortion Optimization
• For each block

¤ (PEHGGHG HQFRGH HDFK EORFN ZLWK WKH IUDFWLRQDO ELWSODQH FRGHU

¤ 7KH HQG RI HDFK FRGLQJ SDVV LV D YLDEOH WUXQFDWLRQ SRLQW� UHFRUG WKH

UDWH 5
L
N DQG GLVWRUWLRQ '

L
N� ZKHUH L LQGH[HV WKH EORFN� N LQGH[HV

WUXQFDWLRQ SRLQW

¤ 6HOHFW D VHW RI PRQRWRQLFDOO\ GHFUHDVLQJ WUXQFDWLRQ SRLQWV�

�� 6HW 1
L
 ^WKH VHW RI DOO WUXQFDWLRQ SRLQWV`� VHW 6L

�  ∞

�� 6HW S  ��

�� )RU N �����������

,I N EHORQJV WR 1
L
� 6HW ∆5L

N 5L
N � 5L

S DQG ∆'L
N 'L

S � 5L
N

6HW 6L
N  ∆'L

N � ∆5L
N� LI S≠� DQG 6L

N! 6L
3 WKHQ UHPRYH S IURP

1
L
DQG JR WR VWHS ���

2WKHUZLVH� VHW S  N
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Monotonically Decreasing R-D Slope
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Global R-D Optimization
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Visual Weighting

• Fixed visual weighting
¤ &RQWUDVW 6HQVLWLYLW\ )XQFWLRQ �&6)� ZHLJKWV

¤ ,PSOHPHQWDWLRQ

� 0XOWLSO\� GLYLGH WKH &6) ZHLJKWV

� $GMXVW TXDQWL]DWLRQ VWHS VL]H DFFRUGLQJ WR WKH ZHLJKWV

• Visual progressive coding
¤ (QDEOHV WKH FKDQJH RI YLHZLQJ FRQGLWLRQV �YLVXDO ZHLJKWLQJ IDFWRU�

GXULQJ WKH HPEHGGLQJ SURFHVV

¤ ,PSURYH WKH VXEMHFWLYH LPDJH TXDOLW\ RYHU WKH HQWLUH ELW UDWH UDQJH

¤ ,PSOHPHQWDWLRQ � XVH WKH ZHLJKWLQJ IDFWRU WR FKDQJH WKH RUGHU RI

FRGLQJ UDWKHU WKDQ WKH YDOXH RI FRGLQJ
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CSF Visual Weighting

:��/+

:��++:��+/

:��//

:��+/

:��/+

:��++

:��/+

:��+/ :��++

(QFRGHU�

'LYLGH

'HFRGHU�

0XOWLSOH

52
@NTUEE 
DSP/IC Lab

2D CSF Function
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VIP - Change of Weighting

Z�
���� Z�

��� � � � � � ZQ
���

Rate Visual Weight

U��� �� U ���

Z�
���� Z�

��� � � � � � ZQ
���U��� �� U ���

Z�
�P�� Z�

�P� � � � � � ZQ
�P�

U�P� ��

�

�

�

�

�

�

�

�

�

�

�

54
@NTUEE 
DSP/IC Lab

Image Viewing at Low Bitrate
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Image Viewing at High Bitrate
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Visual Weighting
Traditional vs Visual Progressive

• Traditional:
¤ 0XOWLSO\LQJ� GLYLGLQJ WKH FRHIILFLHQW E\ WKH ZHLJKWLQJ IDFWRU�

TXDQWL]H LI QHFHVVDU\

¤ 7KH ELQDU\ UHSUHVHQWDWLRQ RI WKH FRHIILFLHQW FKDQJHV ZLWK WKH

ZHLJKWLQJ IDFWRU

¤ &KDQJH RI WKH ZHLJKWLQJ IDFWRU FDXVH GLIILFXOWLHV LQ WKH HPEHGGHG

FRGLQJ

• Visual progressive coding (VIP)
¤ 8VH WKH ZHLJKWLQJ IDFWRU WR FKDQJH WR WKH FRGLQJ RUGHU� UDWKHU

WKDQ WKH FRGLQJ FRQWHQW
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Traditional Weighting
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Traditional: Weighting Changes
Z� ���� � � � �;�� ��
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KDV EHHQ FRGHG� DQG ZKDW WR GR QH[W"
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VIP Weighting
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VIP: Weighting Changes
Z� ���

7KH ELQDU\ UHSUHVHQWDWLRQ UHPDLQV WKH VDPH�
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*HW )UDFWLRQDO %LWSODQH 5�' VORSH 6
L
N

VIP Implementation - VM3a

,QLWLDO YLVXDO ZHLJKWLQJ Z

)RU OD\HU L� DGMXVW WKUHVKROG

6
L
N ! λ

L
� Z

N
(QFRGH

&KDQJH ZHLJKWLQJ Z
V

$GMXVW WKUHVKROG λ
L
WR PHHW %

L

6FDQ EORFNV

<

1

6FDQ )LQLVKHG

1RW )LQLVKHG

9,3

,PSOHPHQWDWLRQ
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Region of Interest Coding (ROI)

• Allows certain parts of image to be coded with better quality
• Idea:

¤ &DOFXODWH ZDYHOHW WUDQVIRUP RI ZKROH LPDJH�WLPH

¤ FDOFXODWH 52, PDVN� L�H�� VHW RI QHHGHG FRHIILFLHQWV

• The Feature and Issue of ROI
• Encoding in done in two ways

¤ 6HTXHQFH EDVHG PRGH

¤ 6FDOLQJ EDVHG PRGH
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The Feature and Issue of ROI

• Features
¤ 3URJUHVVLYH PRGH

¤ 5HFRQVWUXFWLRQ RI 5R, LV IDVWHU WKDQ WKH UHVW

¤ 52,V QHHG WR EH FRGHG ORVVOHVVO\ DQG WKH UHVW RI WKH LPDJH RQO\

YLVXDOO\ ORVVOHVVO\�

¤ 6DYLQJV LQ VWRUDJH VSDFH DQG WUDQVPLVVLRQ VSHHG

¤ $SSOLFDWLRQ � ,QWHUQHW� ,QWHUDFWLYH EURZVHU

• Issues
¤ 1R GLIIHUHQFH FRGLQJ

¤ 9LVXDOO\ DQQR\LQJ HGJHV GR QRW RFFXU DURXQG WKH 5R,

¤ 52, LV VSHFLILHG LQ WKH EHJLQQLQJ� RU LQ WKH PLGGOH RI HQFRGLQJ

¤ 6SHHG LV IOH[LEOH E\ WKH XVHU

¤ ,QGHSHQGHQW RI WKH TXDQWL]DWLRQ RU HQWURS\ FRGLQJ VFKHPH
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Derive the ROI mask

• Derive the mask

( ) ( )
( )




=
52,DIIHFWLQJZLWKRXWVDFULILFHGEHFDQ\[RQ$FFXUDF\

QHHGHGLV\[WFRHIILFLHQZDYHOHW7KH
\[0

�

�

�

�
�

7UDFH EDFNZDUG WR VHH LI WKH FRHIILFLHQWV FRUUHVSRQGLQJ WR WKH

PDVN

&DOFXODWH WKH ORVVOHVV PDVN
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Derive the Corresponding
Coefficients

• Example: S+P transform
¤ WKH LQYHUVH WUDQVIRUP

• Corresponding coefficients
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/RZ +LJK

Q�� Q Q��
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Two Implementations of ROI

• Sequence based code
¤ 52, FRHIILFLHQWV DUH FRGHG DV LQGHSHQGHQW VHTXHQFHV

¤ $OORZV UDQGRP DFFHVV WR 52, ZLWKRXW IXOO\ GHFRGLQJ

¤ &DQ VSHFLI\ H[DFW TXDOLW\�ELWUDWH IRU 52, DQG WKH %*

• Scaling based mode:
¤ 6FDOH 52, PDVN FRHIILFLHQWV XS �GHFRGHU VFDOHV GRZQ�

¤ 'XULQJ HQFRGLQJ� WKH 52, PDVN FRHIILFLHQWV DUH IRXQG VLJQLILFDQW

DW HDUO\ VWDJHV RI WKH FRGLQJ

¤ 52, DOZD\V FRGHG ZLWK EHWWHU TXDOLW\ WKDQ %*

¤ &DQ
W VSHFLI\ UDWH IRU %* DQG 52,
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Scaling Based Mode

• ROI can be specified in the beginning or in the middle of
encoding

52, FRGLQJ IURP

EHJLQQLQJ
52,ORVV OHV V

VXEEDQG � VXEEDQG � VXEEDQG �

ZKROH

ORV V OHV V

�
�

1 �

�
�

1�6

1��
1��

52, FRGLQJ IURP

PLGGOH 52,ORVV OHV V

VXEEDQG � VXEEDQG � VXEEDQG �

ZKROH

ORV V OHV V

52, VWDUW

�
�

1 �

�

�

1�6

1��
1��

1R 52, FRGLQJ

VXEEDQG � VXEEDQG � VXEEDQG �

ZKROH

ORV V OHV V

�
�

1 �

�
�
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Multiple ROIs

• Mask coefficient
¤ ,I WKH LWK ELW LV RQ WKHQ LW PHDQV WKDW WKH FRUUHVSRQGLQJ ZDYHOHW

FRHIILFLHQW EHORQJV WR WKH LWK 52,

¤ ,I D ZDYHOHW FRHIILFLHQW EHORQJV WR 52, � DQG �� LWV FRUUHVSRQGLQJ
52, PDVN FRHIILFLHQW KDV WKH ELQDU\ YDOXH ��������

• Overlapping ROIs
¤ 52,V PD\ RYHUODS LQ WKH ZDYHOHW GRPDLQ� HYHQ LI WKH\ GR QRW

RYHUODS LQ WKH LPDJH GRPDLQ

,PDJH GRPDLQ :DYHOHW GRPDLQ
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Encoding of Multiple ROIs

• Sequence Based Mode
¤ 7KH ZDYHOHW FRHIILFLHQWV WKDW EHORQJ WR PRUH WKDQ RQH 52, DUH

UHSHDWHG LQ DOO WKH VHTXHQFHV WR ZKLFK WKHLU 52,V FRUUHVSRQG�

• Scaling Based Mode
¤ ,I :7 FRHIILFLHQWV DVVRFLDWHG ZLWK VHYHUDO 52,V� WK\ DUH DVVXPHG

WR EHORQJ WR WKH 52, ZKRVH VFDOLQJ YDOXH LV WKH KLJKHVW

70
@NTUEE 
DSP/IC Lab

Conclusion

• JPEG 2000 will offer an still image compression scheme with not
only better efficiency, but also many useful functionalities

• It is still an on-going, open standard
• Try to keep the core part of the standard from slipping too long:

Three-parts are proposed:
¤ 3DUW �� &RUH WKDW LV UHTXLUHG RI HYHU\ GHFRGHU

¤ 3DUW �� 9DOXH�DGGHG WHFKQRORJLHV �RQH PHHWLQJ EHKLQG WKH 3DUW ��

¤ 3DUW �� $GYDQFHG WHFKQRORJ\ H[WHQVLRQV �PD\ QRW EH UHDOL]HG�


