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Presentation Outline

• Background

– What is JPEG?

– JPEG-2000 - A new compression paradigm

– JPEG-2000 milestones

• Technical description

– Current DCT-based JPEG standard

– Emerging wavelet-based JPEG-2000

– JPEG 2000 features

• Future directions

– JPEG 2000 timetable
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What is JPEG?

• The JPEG (Joint Photographic Experts Group)
committee, formed in 1986,  has been  chartered with the

– “Digital compression and coding of continuous-tone still
images”

• Joint between ISO and ITU-T

• Has developed standards for the lossy, lossless, and nearly
lossless of still images in the past decade

• Website: www.jpeg.org
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JPEG Summary

• The JPEG committee has published the following standards:

– ISO/IEC 10918-1 | ITU-T  Rec. T.81 : Requirements and guidelines

– ISO/IEC 10918-2 | ITU-T  Rec. T.83 : Compliance testing

– ISO/IEC 10918-3 | ITU-T  Rec. T.84: Extensions

– ISO/IEC 10918-4 | ITU-T  Rec. T.86: Registration of JPEG
Parameters, Profiles, Tags, Color Spaces, APPn Markers
Compression Types, and Registration Authorities (REGAUT)

– DIS 14495-1 | ITU-T Draft Rec. T.87 : Lossless and Near-Lossless
Compression of Continuous-Tone Still Images - Baseline
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ISO Organizations

JTC 1IEC ISO
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Old Compression Paradigm (JPEG Baseline)

Encode

Encoder choices
color space
quantization
entropy coder
pre-processing

No decoder choices
only one image
post-processing
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New Compression Paradigm

Encode

Decode choices
 Image resolution
 Image fidelity
 Region-of-interest
 Fixed size
 Components
 Lossless/lossy

Encode choices
Contone or binary
Tiling
Lossy/lossless
+ Old paradigm choices
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JPEG 2000 Objectives

• Advanced standardized image coding system to serve
applications into the next millenium

• Address areas where current standards fail to produce the
best quality or performance

• Provide capabilities to markets that currently do not use
compression

• Provide an open system approach to imaging applications
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JPEG 2000: Requirements And Profiles

• Internet applications (World Wide Web imagery)

– Progressive in quality and  resolution, fast decode

• Mobile applications

– Error resilience, low power, progressive decoding

• Electronic commerce

– Image security, digital watermarking

• Digital photography

– Low complexity, compression efficiency
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JPEG 2000: Requirements And Profiles

• Hardcopy color facsimile, printing and scanning

– Compression efficiency, strip or tile processing

• Digital library/archive applications

– Metadata, content management

• Remote sensing

– Multiple components, fast encoding, region of interest

• Medical applications

– Region of interest coding, lossy to lossless
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JPEG 2000 Features

• Improved compression efficiency (estimated 30%
depending on the image size and bit rate)

• Lossy to lossless

• Multiple resolution

• Embedded bit stream (progressive decoding)

• Region of interest coding (ROI)

• Error resilience

• Bit stream syntax (proposed by DIG 2000)
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JPEG 2000 Milestones

• 7th WG1 Meeting - February 1996

– JPEG 2000 new work item proposed

• 8th WG1 Meeting - June 1996

– JPEG 2000 call for proposal (N390) issued

• 10th WG1 Meeting - March 1997

– JPEG 2000 call for contributions (N505) issued

• 11th WG1 Meeting - July 1997

– JPEG 2000 Requirements and Objectives (N573) issued

– Test plan for JPEG 2000 algorithm submissions (N557)



JPEG 2000 - Majid Rabbani, Eastman Kodak Company - December 1998 13

JPEG 2000 Milestones

• 12th WG1 Meeting - November 1997

– 104 delegates from 15 national bodies attended

– 24 complete algorithm, 5 partial algorithm, and  7
architecture proposals presented

– Ad hoc groups on “Requirements and Profiles”, “Core
Experiments” and “Features and Functionality” were formed

– First round of 37 core experiments were defined

• 13 WG1 Meeting - March 1998

– 100 delegates from 15 national bodies attended

– New ad hoc group on Verification Model (VM) was formed

– Second round of 27 core experiments were defined



JPEG 2000 - Majid Rabbani, Eastman Kodak Company - December 1998 14

JPEG 2000 Milestones

• 14th WG1 Meeting - July 1998

– 95 delegates from 14 national bodies attended

– JPEG 2000 VM version 0.1 published

– Third round of 42 core experiments were defined

• 15th WG1 Meeting - November 1998

– 100 delegates from 13 national bodies attended

– VM 2.1 was released

– Fourth round of 28 core experiments were defined

– DIG 2000 File Format proposal submitted
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Overview Of The Current DCT-Based JPEG
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Building Blocks Of A Compression  Algorithm

Transformation
or

Decomposition Quantization

Modeling &
Encoding

Lossless

Lossy

Original
Image Data

Compressed
Image Data

• In general, image compression schemes consist of:

– Transformation or decomposition

– Quantization

– Symbol modeling and encoding
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JPEG DCT Encoder Block Diagram

FDCT Quantizer Huffman Encoder

8x8 Blocks

Header

Compressed
Data

Quantization
Tables

Huffman Tables
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Example  Block  From  Lena  Image

8 14 23 37 52 68 73 82
6 14 24 37 46 67 74 81
3 11 28 35 48 62 72 82
4 13 22 28 44 61 69 86
5 11 18 30 40 59 72 86
5 9 16 29 39 58 74 83
-1 8 16 31 38 59 75 80
2 11 18 30 37 57 69 82

Following is an 8x8 block of the Lena image where each
pixel value has been level-shifted by a value of 128 to
place in the range (-128,127).
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DCT  Of   8x8  Image  Block

327.5 -215.8 16.1 -10.7 -3.7 -1.5 4.2 -6.7
18.1 3.4 -9.9 3.7 0.5 -3.2 3.5 2.2
2.5 1.3 -5.4 2.8 -1.0 2.3 -1.6 -2.6
0.6 -2.5 3.0 5.0 1.8 2.2 -2.6 -1.4
0.3 1.6 3.4 0.0 2.5 -5.1 1.6 -0.7
-0.6 -1.8 -2.4 0.5 -0.4 -1.6 -0.1 2.1
0.9 1.6 -0.6 -0.7 2.1 -0.5 0.9 2.8
0.6 -1.0 -2.9 -1.4 0.2 1.9 -0.6 0.7

The 8x8 discrete cosine transform (DCT) of the block
packs its energy into a small number of coefficients.
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DCT  Basis  Functions

DCT coefficients
can be viewed as
weighting functions
that, when applied
to the 64 cosine
basis functions of
various spatial
frequencies (8 x 8
templates), will
reconstruct the
original block.
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Quantization/Dequantization  Procedure

• Encoder quantization (example: input value = 18.1)

• Scale (normalize) by the step size:  18.1/12=1.51

• Round to the nearest integer to get quantizer index = 2

• Decoder dequantization (example: index=2, step size=12)

• Multiply quantizer index by the step size: 2 x 12 = 24

+30

12

-30
+12 +24-12-24 0

+18+6-6-18

-2 -1 0 +1 +2
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Quantized  DCT  Coefficients

20 -20 2 -1 0 0 0 0
2 0 -1 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

For typical blocks in an image, the process of
normalization followed by quantization results in many
zero-valued coefficients that can be coded efficiently.
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Variable-Length  Codes

Symbol Probability Code I Code II
A 0.60 00 0
B 0.30 01 10
C 0.05 10 110
D 0.05 11 111

• Average length of Code I   = 2.0 bits/symbol

• Average length of Code II  = 1.5 bits/symbol

• Code I is a fixed-length code, while code II is a variable-
length code (VLC). An example of VLC is Huffman coding.
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JPEG DCT Decoder Block Diagram

Huffman Decoder

Header

Compressed
Data

Dequantizer IDCT

Reconstructed
Image Data

Quantization
Tables

Huffman Tables
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Reconstructed  8x8  Image  Block

132 140 153 166 178 191 204 213
132 140 152 165 177 190 204 213
131 139 151 163 175 189 203 212
131 138 149 160 172 187 202 212
131 137 147 157 169 184 201 212
130 136 145 155 167 182 200 211
130 135 143 153 165 181 199 211
130 135 142 151 163 180 198 211

Due to the energy preserving nature of the DCT, the root-
mean-squared-error (RMSE) between the original image
block and the reconstructed block is the same in both the
image domain and the DCT domain.
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Difference  (Error)  Image

4 2 -2 -1 2 5 -3 -3
2 2 0 0 -3 5 -2 -4
0 0 5 0 1 1 -3 -2
1 3 1 -4 0 2 -5 2
2 2 -1 1 -1 3 -1 2
3 1 -1 2 0 4 2 0
-3 1 1 6 1 6 4 -3
0 4 4 7 2 5 -1 -1

The RMSE between the original image block and the
reconstructed block (standard deviation of the error) for this
example is 2.84 codevalues. The signal-to-noise-ratio (SNR)
is defined as 20 log10(255/RMSE) in db units.
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The JPEG 2000 Verification Model (VM)
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What Is The JPEG 2000 VM?

• The JPEG 2000 Verification Model (VM) is used by the
committee as a vehicle for performing core experiments.

• After each meeting, technology is added to or deleted from
the VM based on the results of the reported core
experiments.

• The VM provides both a textual description and a
software implementation of the encoder, the decoder, and
the bit stream syntax.

• Provides the current state-of-the-art technology that
addresses the diverse set of JPEG 2000 requirements.
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JPEG 2000 Encoder Block Diagram

Wavelet 
Transform

Scan
Algorithm

Quantizer
Entropy
Coder

Classifier
Rate

AllocationTransformation

Quantization

Coding
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The 1-D Discrete Wavelet Transform (WT)

H0 2 2 G0

H1 2 2 G1

x(n) y(n)

Analysis filter bank Synthesis filter bank

The wavelet filter banks provide zero distortion, i.e., x(n)=y(n).
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WT Complexity Issues

• The complexity of the WT depends on

– Filter sizes,

– Floating point vs. integer filters

• Except for a few special cases, e.g., the (5,3) integer filter,
the WT is generally more computationally complex (~2X
to 3X) than the block-based DCT.

• As a full-frame transform, the WT also requires
significantly more memory than the DCT. However, line-
based implementations can reduce the memory
requirements.
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WT Filters In JPEG 2000 VM

• Floating point filter: (9,7), (10,18)

• Integer filters: CRF(13,7), (5,3), (2,10), etc.

• Default integer filter for lossy coding: CRF (13,7)

•  Default integer filter for lossless coding: (5,3), i.,e.,

– H0: (-1  2  6  2  -1)

– H1: (-1  2  -1) / 2

• The current VM supports user-defined arbitrary size filters
in addition to arbitrary wavelet decomposition trees.
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Lossless Compression

• The use of integer wavelets allows for lossless compression.
As a simple example, consider the S-transform:
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Quantization

• The current VM supports three quantization options.

– Trellis coded quantization (TCQ)

* The performance does not justify the complexity

– Scalar quantization (SQ)

* Dead zone quantizer

* No dead-zone quantizer

– Implicit scalar quantization (ISQ)

* Similar to the truncation of an embedded code stream
where the transform coefficients are bit plane by bit plane
encoded in an embedded fashion.
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Symbol Modeling And Coding

• In the current VM, each symbol (e.g., the binary value at a
given location in a bit plane of a subband) is modeled by a
context formed from its neighbors.

X
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Binary Arithmetic Coder

• The binary symbol in each context (i.e., the bit plane
value) is coded using arithmetic coding.

• The choice of the specific binary arithmetic coder has not
been finalized.

• Depending on the modeler and the encoder, each bit plane
is coded into several coding units, e.g., in the current VM:

– Predicted significance (PS)

– Refinement (REF)

– Predicted non-significance (PN)
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Scalable Bit-Plane Coding

•  Resolution Scalability
   - Send quantized data in order 
     of increasing scale

Full Scale
Subbands

1/2 Scale
Subbands

20

2N-1

2N-2

2N-3

...
 0

 1

 1

0

•  SNR Scalability
   - Send bits in order that minimizes
     RMS Error

By the proper ordering & indexing of the encoded bitstream, both
resolution & SNR scalability can be achieved.
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Arbitrary Reordering Of Bit-Planes

• Progressive by quality (embedded bit stream)

– 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

• Progressive by resolution

– 1, 2, 3, 4, 6, 8, 10, 5, 7, 9, 11, 12

11   PN

3    REF

Bitplane 3

Bitplane 2

Bitplane 1

Subband 1 Subband 2 Subband 3

2    PS

4    PN 5    PN

1    PN

12    PN10    PN

6    PS 7    PS
8    REF 9    REF
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Embedded Bit Stream Application Example

Image 1

Image 2

Image 3

Image 4

Lossless

High quality
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Visual Frequency Weighting

• Two modes of visual weighting (VW) enable the system
designers to take advantage of HVS properties:

– Fixed VW: The weights are chosen according to the final
viewing condition. Is implemented by scaling the
quantization step size in a given subband.

– Visual progressive coding: Visual weights change during
the embedded encoding/decoding process. Is implemented
using arbitrary reordering of the bit planes.

• The resulting MSE is usually higher than without VW, but
the subjective quality is significantly improved.

• Design of the CSF weights is an encoder issue.
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Region Of Interest (ROI) Coding

• Allows selected parts of an image to be coded with higher
quality.

• ROI can have arbitrary shape. The location and the shape
of ROI is transmitted to the receiver.

• Due to the nature of the wavelet decomposition, the ROI
degradation is graceful.

• ROI can be specified either in the beginning or during the
encoding process (e.g., by the receiver who requests the
lossless transmission of a certain image region).

• The current VM supports two methods of ROI encoding.
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Modes Of ROI Encoding

• Sequence based mode:

– ROI mask coefficients are coded as independent sequences

– Allows random access to ROI without fully decoding

– Exact bit rate for ROI vs. background can be specified

• Scaling based mode:

– Scale up the ROI mask coefficients

– The ROI mask coefficients are found significant at earlier
stages of the encoding process, hence higher quality for ROI

– The rate for ROI vs. background can not be specified
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Reversible Color Coding

• Is used for lossless color coding

• Approximation to Y, Cr, Cb

offset

offset

4
2
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+−=
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GRU

BGR
Y

Offset = 2depth - 1
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JPEG 2000 Timetable

• JPEG 2000 Working Draft (WD) 1.0 Mar. 1999

• WD 2.0 Jul. 1999

• Committee Draft (CD) Nov. 1999

•  Final Committee Draft  (FCD) Mar. 2000

• Draft International Standard (DIS) Nov. 2000

•  International Standard (IS) ????


