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II 

 

ABSTRACT 
                                                          

 

The demand for images, video sequences and computer animations 

has increased during the last years. The image compression is 

becoming an important issue in reducing the cost of data storage and 

transmission. JPEG-2000 is a new international standard for still 

image compression. The codec of JPEG-2000 standard is based on 

wavelet coding techniques. The JPEG-2000 specification specifies 

two different formats: JP2 and code stream JPC. JP2 represents a 

visual image quite specifically, whereas JPC is a more or less arbitrary 

array of codes. 

 

The aim of this Thesis is to analyze and measure the performance of 

the JPEG-2000 compressed images .jp2 by using a Jasper simulation 

program. Jasper measures the peak to noise ration PSNR, mean square 

error MSE, and peak absolute error PAE. Proposed one modification 

of Jasper library by adding a Correlation measure that gives a better 

view to the relation between the original and compressed image. 

 

The used simulation program is a modified version of the so-called 

Jasper. This simulation program can measure the Peak signal to noise 

ratio, Mean square error of the JP2 compressed images (color & 

grayscale) at high and low bit rates. The simulation program gives 

better results than the other techniques.  

 

Jasper library was used with a basic interface to allow the selection of 

operations (compression ration, code block, and number of resolution 

levels) and present the result numerically and graphically. 



III 

ملخص الرسالة 
 

اصداد انؽهب عهٍ انصىس و يقاؼع انفُذَى و انشعىو انًخحشكت 

 انصىس ين غظغ حبعا نزنك صادث اهًُت فٍ انغنىاث الاخُشة و

 .حُث خفط حكهفت نقم و حخضَن انبُاناث

JPEG-2000  فٍانخشيُض .  انجذَذ نعغػ انصىسنعانًٍهى انًعُاس ا 

قغًج . َغخنذ إنً حقنُاث انخشيُض انًىجُت JPEG-2000  يعُاس

صىسة  ال JP2ًَثم  .JPC و  JP2: شكهُن انٍ JPEG-2000 يىاصفاث

  . يصفىفت شفشاث عشىائُتJPCححذَذا بُنًا ًَثم يشئُت ال

وانصىس JPEG- 2000 حقُُى و قُاط اداء حقنُاث حهذف انشعانت إنً 
قىو  وانزي ٌ"جاعبش"  انًحاكاةبإعخخذاو بشنايج  JP2انًعغىؼت 

يقخشح فٍ هزه انشعانت اظافت حعذَم . PAE و MSE و PNSRبقُاط 
عؽٍ ٌ رٌالعهٍ جاعبش باظافت يقُاط جذَذ َقُظ الاسحباغ 

. يعغىؼتال وَتصمالأصىسة السؤَت أفعم نهعلاقت بُن 

 

هزا . هى نغخت يعذنت ين جاعبشانًغخخذو بشنايج انًحاكاة 
  JP2 ةيعغىغالنصىس ل MSE و  PNSRقُاط ين انبشنايج ًَكن 

بشنايج َعؽٍ ال. بًعذلاث يشحفعت وينخفعت (ةانشيادٌانًهىنت و)
 .نخائج أفعم ين الأعانُب الأخشي

 
حى اعخخذاو يكخبت جاعبش يع اظافت واجهت حؽبُقُت حًكن ين 

و عذد , يعذل انخشفُش, يعذل انعغػ)اخخُاس انعًهُاث 
 عذدَا وبُانُاائج نجال , وعشض (يغخىَاث انىظىحُت

 

 
 



IV 

Contents 

Acknowledgement  I 

Abstract  II 

Contents IV 

List of Tables VI 

List of Figures VII 

List of Abbreviations and Acronyms IX 

Chapter 1. General Introduction 1 

1.1 Introduction 1 

1.2 Image Compression Overview 1 

1.3 Problem Statement 2 

1.4 Thesis Objectives 2 

1.5 Thesis Methodology 2 

1.6 Thesis Layout 2 

Chapter 2. Image Compression Techniques 4 

2.1 Principles Behind Compression 4 

2.1 Lossless and Lossy Compression 5 

2.3 JPEG: DCT-Based Image Coding 5 

2.4 JPEG-2000 Still Image Compression 8 

Chapter 3. An Overview of Wavelet Transform 10 

3.1 Wavelet Transform (WT) 10 

3.1.1 Continuous Wavelet Transform (CWT) 11 

3.1.2 Discrete Wavelet Transform (DWT) 12 

3.1.2.1 Subband Coding and the Multiresolution Analysis 12 

3.2 Advance Wavelet Coding Schemes 13 

3.3 Advantages of Wavelet Transform 14 

3.4 JPEG-2000 Codec 14 



V 

3.4.1 Source Image Model 15 

3.4.2 Reference Grid 16 

3.4.3 Tiling 17 

3.4.4 Codec Structure 19 

Chapter 4. Software Program (Jasper)  20 

4.1 Introduction 20 

4.2 Jasper Definition 20 

4.3 Origin of the Name 21 

4.4 Software Structure 21 

4.4.1 Jasper Library 22 

4.4.1.1 Core Code 22 

4.4.1.2 Codec Drivers 23 

4.4.2 Application Programs 24 

4.5 analyzing and Modifying Jasper 24 

4.5.1 Building the Flow Chart 25 

4.5.2 Modifying the Program 31 

4.5.3 Adding Visual Interface to the Program 32 

Chapter 5. Simulation Results 36 

5.1 Introduction 36 

5.2 The application of the Simulation 36 

5.2.1 Changing the Compression Ratios 36 

5.2.2 Changing the Distribution of RGB Components  77 

Chapter 6. Conclusions and Future Work 79 

6.1 Conclusions 79 

6.2 Future Work 80 

References 81 

 



VI 

List of Tables 

Table No Title Page No 

1.1 Multimedia data types and uncompressed storage space 1 

4.1 The file format 26 

4.2 The specified metrics  31 

5.1 Relation between PSNR, MSE, CORR and the compression ratio 42 

5.2 Relation between PSNR, MSE, CORR and the compression ratio 50 

5.3 Relation between PSNR, MSE, CORR and the compression ratio 55 

5.4 Relation between code block, no. of resolution level and PSNR, MSE, 

CORR 

63 

5.5 Relation between code block, no. of resolution level PSNR, MSE, 

CORR 

73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VII 

List of Figures 

Figure No Title Page No 

2.1 JPEG Block Diagram 6 

2.2 Zig-Zag sequence 7 

2.3 JPEG Compression 8 

3.1 A wavelet waveform 10 

3.2 The subband coding algorithm 15 

3.3 Zero tree of wavelet coefficients 16 

3.4 Tiling on the reference grid 18 

3.5 Tile component coordinate system 18 

3.6 Codec structure 19 

4.1 Software structure 21 

4.2 The structure of Image library path 25 

4.3 The structure of coding path (JP2-Box) 28 

4.4 The structure of coding path 28 

4.5 The structure of image comparison program path 30 

4.6 The calculation of the Correlation from the source and compressed  31 

4.7 The main screen of the Jasper visual interface 32 

4.8 The screen while processing the CAT.BMP  33 

4.9 The result chart of displaying the PSNR 33 

4.10 The form demonstrates how to choose code block and resolution  34 

4.11 The picture show the display of the resulted charts 34 

4.12 The picture shows the display of all results “Show Values” 35 

5.1 CAT.JP2 (lossless compression) (3.73 MB) 37 

5.2 CAT1.jp2 (61.63 KB) at 0.01 38 

5.3 CAT2.jp2 (30.76 KB) at 0.005 38 

5.4 CAT3.jp2 (24.61 KB) at 0.004 39 

5.5 CAT4.jp2 (18.47 KB) at 0.003 39 

5.6 CAT5.jp2 (12.26 KB) at 0.002 40 

5.7 CAT6.jp2 (6.08 KB) at 0.001 40 

5.8 CAT7.jpg (45 KB) 41 

5.9 Relation between compression ratio and (PSNR, MSE, CORR) 43 

5.10 BOY1.jp2 (16 KB) at 0.005 44 

5.11 BOY2.jp2 (12.8 KB) at 0.004 44 

5.12 BOY3.jp2 (9.49 KB) at 0.003 45 

5.13 BOY4.jp2 (6.37 KB) at 0.002 45 

5.14 BOY5.jp2 (3.2 KB) at 0.001 46 

5.15 BOY6.jpeg (15.43 KB) 47 

5.16 BOY1.jp2 (16 KB) in full page 48 

5.17 BOY6.jpeg (15.34 KB) in full page 49 

5.18 Relation between compression ratio and (PSNR, MSE, CORR) 51 

5.19 LENA1.jp2 (1.28 KB) at 0.005 52 

5.20 LENA2.jp2 (0.98 KB) at 0.004 52 

5.21 LENA3.jp2 (0.76 KB) at 0.003 53 

5.22 LENA4.jp2 (0.50 KB) 0.002 53 

5.23 LENA5.jp2 (0.25 KB) 0.001 54 

5.24 LENA6.jpeg (3.01 KB) 54 

5.25 Relation between compression ratio and (PSNR, MSE, CORR) 56 

5.26 MAMOUN1.jp2 (6.66 KB), resolution level: 4 57 

5.27 MAMOUN2.jp2 (6.65 KB), resolution level: 6 57 

5.28 MAMOUN3.jp2 (6.65 KB), resolution level: 8 58 



VIII 

5.29 MAMOUN4.jp2 (6.57 KB), resolution level: 10 58 

5.30 MAMOUN5.jp2 (6.65 KB), resolution level: 4 59 

5.31 MAMOUN6.jp2 (6.66 KB), resolution level: 6 59 

5.32 MAMOUN7.jp2 (6.66 KB), resolution level: 8 60 

5.33 MAMOUN8.jp2 (6.66 KB), resolution level: 10 60 

5.34 MAMOUN9.jp2 (6.66 KB), resolution level: 4 61 

5.35 MAMOUN10.jp2 (6.65 KB), resolution level: 6 61 

5.36 MAMOUN11.jp2 (6.66 KB), resolution level: 8 62 

5.37 MAMOUN12.jp2 (6.64 KB), resolution level: 10 62 

5.38 Relation between no. of resolution level, code block and PSNR 64 

5.39 Relation between no. of resolution level, code block, and MSE 65 

5.40 Relation between no. of resolution level, code block, and CORR 66 

5.41 BUTTERFLY1.jp2 (10.5 KB), resolution level: 4 67 

5.42 BUTTERFLY2.jp2 (10.5 KB), resolution level: 6 67 

5.43 BUTTERFLY3.jp2 (10.5 KB), resolution level: 8 68 

5.44 BUTTERFLY4.jp2 (10.5 KB), resolution level: 10 68 

5.45 BUTTERFLY5.jp2 (10.5 KB), resolution level: 4 69 

5.46 BUTTERFLY6.jp2 (10.5 KB), resolution level: 6 69 

5.47 BUTTERFLY7.jp2 (10.5 KB), resolution level: 8 70 

5.48 BUTTERFLY8.jp2 (10.5 KB), resolution level: 10 70 

5.49 BUTTERFLY9.jp2 (10.5 KB), resolution level: 4 71 

5.50 BUTTERFLY10.jp2 (10.5 KB), resolution level: 6 71 

5.51 BUTTERFLY11.jp2 (10.5 KB), resolution level: 8 72 

5.52 BUTTERFLY12.jp2 (10.5 KB), resolution level: 10 72 

5.53 Relation between no. of resolution level, code block, and PSNR 74 

5.54 Relation between no. of resolution level, code block, MSE 75 

5.55 Relation between no. of resolution level, code block, CORRELATION 76 

5.56 RGB Bars 78 

 

 

 

 

 

 

 

 

 

 

 



IX 

List of Abbreviations, Acronyms and Symbols 

BMP Windows bit map format 

BPC Bit per component 

CORR Correlation 

CMY Cyan, Magenta, Yellow 

CWT Continuous Wavelet transform 

DCT Discrete cosine transform 

DFT Discrete Fourier transform 

DPI Dots per inch 

DWT Discrete wavelet transform 

EBCOT Embedded block coding with optimized truncation 

EC Entropy coding 

EZW Embedded zerotree wavelet 

FB Filter bank 

FDCT Forward Discrete Transform 

FFT Fast Fourier transform 

FT Fourier transform 

GIF Graphics Interchange Format 

HVS Human visual system 

IDCT Inverse Discrete Cosine Transform 

ICC International color consortium 

ICT Irreversible color transform 

Imgcmp Explicit Congestion Notification 

Imginfo Explicit Link Failure Notification 

JBIG Joint – Bi level image experts group 

JFIF JPEG File Interchange Format 

JIV Jasper image viewer 

JPEG Joint photographic experts group 

JPEG-2000 A new standard for improved lossy still image compression 

LZC Layered zero coding 

LZW Lampel, Ziv and Welch 

MR Magnitude refinement 

MSE Mean square error 

NTSC National television system committee 

PAE Peak absolute error 

PAL Phase alternative line 

PIFS Partitioned iterated function system 

PNG Portable network graphics 

PPI Pixel per inch 

PR Perfect reconstruction 

PSNR Peak signal to noise ratio 

QMF Quadrature mirror filter 

QT Quantization table 

RCT Reversible color transform 

RGB Red, Green, and Blue 

RLC Run length coding 

RLE Run length encoding 

ROI Region of interest 

SC Sign coding 

SNR Signal to noise ratio 

SPI Sample per inch 



X 

SPIHT Set partitioned hierarchical trees 

SRGB Standard RGB (Red Green Blue) color space, created for  use on monitors, 

printers, and the Internet 

STFT Short term Fourier  transform 

SQ Scalar quantization 

TFR Time frequency representation 

TIFF Tagged Image File Format 

UMBFD Uniformly maximally-decimated filter bank 

WT Wavelet transform 

YCbCr The color space used in CCIR-601 digital video specification 

YIQ The color space used in the NTSC analog television standard 

YUV The color space used in the PAL analog television standard 

ZC Zero Coding 

 

 

 


