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Abstract: Image compression plays a major role in modern 

multimedia communications and internet traffic. Image 

data compression comes under the category of Digital 

Image Processing which is a method of effectively coding 

digital images to reduce the number of bits required in 

representing an image. The purpose of doing so is to reduce 

the storage and transmission costs while maintaining good 

quality. The objective of this paper is to discuss a 

compression algorithm which satisfies JPEG standard and 

is carried out using the Code Composer Studio v3.1. Joint 

Photographic Expert Group (JPEG) is one of the image 

data compression standard developed by a working group 

belonging to CCITT, ISO and IEC. This algorithm is being 

applied on Gray level images; with few additions it will be 

applicable for RGB images also. A useful property of JPEG 

is that the compression ratio can be varied by varying 

quality factor. 
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I. INTRODUCTION 

Images include Document images, Facsimile systems, 

Bitmaps, Metafiles and Still pictures. Visible images include 

Drawings (Blue prints, Engineering drawings, Town layouts 

and so on), Documents (scanned as images), Paintings 

(scanned, computer based paint applications), Photographs 

(scanned or entered directly by electronic camera) and still 

frames captured from video camera. In all these cases, the 

images include every pixel captured by the input device. 
Non visible images are those that are not stored as images 

but are displayed as images. Examples include Pressure 

gauges, Temperature gauges and other metering displays. 

Abstract images are really not images that ever existed as 

realworld objects or representations. Rather they are 

computergenerated images based on some arithmetic 

calculations. The discrete functions result in still images and 

continuous functions are used to show animated images.  

 

When Multimedia objects like binary document images, gray 

scale images, color images, photographic or video images, 

audio data or video data and full motion video are digitized, 
large amounts of digital data are generated. There has been 

considerable debate on whether compression and 

decompression should be performed in specialized hardware 

or in software. The two driving parameters for this discussion 

are performance and cost. Higher the performance more will 

be the cost. Therefore a tradeoff is necessary between  

 

performance and the cost. Now a day, it is possible to use 

CPU for most applications, very high resolution imaging 

applications and documents using JPEG or MPEG standard 

components will continue to require Digital Signal 

Processors to provide acceptable performance. 

 

II. LITERATURE SURVEY 

Since, the work belongs to the area of Image Processing and 
Compression, it is necessary to understand the concept of 

compression techniques and Image processing. Hence, an 

extensive reference has been made to various textbooks and 

IEEE papers. The basics of image processing are better 

understood by referring to R C Gonzalez and Woods [7]. 

Various transforms are used in image processing. Some of 

the image transforms are used in the area of image 

compression. They are DCT, Hadamard, Haar, Walsh, KLT 

and Wavelet transform. Anil K Jain [1], Weidong kou [8] 

gives performance comparison of different image transforms. 

They also discuss the best image transform for a particular 

application.  
 

Image compression is based on the removal of any redundant 

data present in the image. The fundamentals of image 

compression techniques are described with special reference 

to multimedia applications by Anil K Jain [1] and Gonzalez 

[7]. The theoretical and practical aspects of image 

compression are excellently described by ZeNian Li and 

Mark S Drew [9]. They also explained the compression 

formats and standards for data, images, audio and video. 

They also considered both loss and lossless compression. If 

the image is a medical image and satellite image then we 
prefer error free compression technique. However, for other 

applications we prefer lossy compression. In modern day 

computing data compression is one of the important fields. 

David Salomon [3] provides necessary consideration for 

image compression. An image compression method is 

specified for a specific type of images. New data 

compression methods that are developed and implemented 

have to be tested. Testing different methods on the same data 

makes it possible to compare their performance both in 

compression efficiency and speed. Hence, we have standard 

test data namely, ‘Lena’, ‘Mandril’ and ‘Peppers’. They are 

continuous tone images although ‘Lena’ image is mostly 
pure continuous tone, especially the wall and the bare skin 

areas. The hat is good continuous tone, where the hair and 

the plume on the hat are bad continuous tone. The straight 

lines on the wall and curved parts are features of discrete 

tone image. 
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Table 1: Comparisons of Requirements of Different Multimedia Data 

Multimedia 
Size/ 

Duration 

Bits/pixel 

Bits/sample 

Un-compressed 

size (B=Bytes) 

Transmission 

Bandwidth 

(b-Bits) 

Tx time using 

28.8kbps modem 

A page of Text* 11”x 8.5” Varying resolution 4 – 8KB 32 – 64kb/page 1.1-2.2sec 

Telephone Speech* 10sec 8bps 80KB 64Kb/sec 22.2sec 

Gray scale Image 512x 512 8bpp 262KB 2.1Mb/image 1min13sec 

Color   Image 512x512 24bpp 876kB 6.29Mb/image 3min39sec 

Medical Image* 2048x1680 12bpp 5.16MB 41.3Mb/image 23min54sec 

Full Motion Video* 
640x480 1min 
(30 frames/sec) 

24bpp 1.66GB 221Mb/sec 5days8hrs 

 

There are various approaches to compress the image.  
Various authors have discussed the different approaches with 

their relative advantage and disadvantage [1], [3], [4], [7], 

[9].  The implementation work is carried out on a TMS 

processor.  For this Code Composer Studio (CCS) and C 

language is used.  

 

III. IMAGE COMPRESSION 

Every day, an enormous amount of information is stored, 

processed and transmitted digitally.  Because much is 

online/offline information is graphical or pictorial in nature, 

the storage and communication requirements are immense. 
The Table 1 indicates, the bandwidth required and time 

required for transmission on a particular mode.   Since the 

size of the images being different and the transmission time 

required also varies.   It is necessary to select proper 

compression ratio so that bandwidth can be utilized 

effectively.   In this paper we explore these quantities and 

considered Gray level images for compression along with 

RGB colour images and a medical image.  Based on the 

results obtained, a comparative study has been made. 

 

A. Image Compression Model 

 
Fig 1: A General Compression System Model 

A compression system consists of two distinct structural 

blocks: an encoder and a decoder.  An input image f(x, y) is 

fed into the encoder, which creates a set of symbols from the 

input data.  After transmission over the channel, the encoded 
representation is fed to the decoder, where a reconstructed 

output image f1(x, y) is generated.  In general f1(x, y) may or 

may not be an exact replica of f(x, y).  If it is, the system is 

error free or information preserving; if not some level of 

distortion is present in the reconstructed image. Both the 

encoder and decoder shown in Fig. 1 consist of two relatively 

independent functions or sub blocks.  The encoder is made up 

of a source encoder, which removes input redundancies, and  

 

a channel encoder, which increases the noise immunity of the 
source encoder’s output.  As would be expected the decoder 

includes a channel decoder followed by a source decoder.  If 

the channel between the encoder and the decoder is noise 

free, the channel encoder and decoder are omitted. 

Two types of models are available for image compression: 

 The Source Encoder and Decoder 

 The Channel Encoder and Decoder 

Basically there are three types of redundancies.  Data 

compression is achieved when one or more of these are 

reduced or eliminated. 

 Coding Redundancy 

 Interpixel Redundancy 

 Psychovisual Redundancy 

Based on the requirements of reconstruction, data 

compression schemes can be broadly classified into: 

 Lossless compression 

 Lossy compression 

 

B.  Lossless Compression 

Lossless compression techniques as the name implies, 

involve no loss of information.  If data have been losslessly 

compressed, the original data can be recovered exactly from 
the compressed data.  Lossless compression is generally used 

for applications that cannot tolerate any difference between 

original and reconstructed data. 

 

C.  Lossy Compression 

Lossy compression has algorithm based on compromising 

the accuracy of reconstructed image in exchange for 

increased compression.  If the resulting distortion can be 

tolerated, the increase in compression can be significant.  

The term lossy compression and irreversible information loss 

might sound horrible at first.  But the amount of information 
lost in most lossy compression techniques is nothing 

compared to the information lost in the original scanning of 

the image, due to the hardware limitation. Lossy coding is 

based on Discrete Cosine Transform (DCT). It allows 

substantial compression to be achieved in reconstructed 

image with respect to original image. The simplest DCT 

based coding process is Baseline sequential process. It 

provides a capability, which is sufficient for different kinds 

of applications. 

The primary purpose of lossy image compression is: 

 Reduce the memory required for their storage 

 Reduce the effective data access time when reading 

F (x,y) 

F1 (x,y) 



International Journal For Technological Research In Engineering 

Volume 2, Issue 8, April-2015                                                ISSN (Online): 2347 - 4718 

 
 

www.ijtre.com                        Copyright 2015.All rights reserved.                                                                          1674 
 

the storage devices 

 Reduce the bandwidth 

 

D.  Image Fidelity Criteria 
The fidelity of an image after compression is an important 

aspect of image compression.  Compression methods that are 

lossless produce images that are an exact replica of the 

original uncompressed image.  Lossy compression methods 

that remove visual redundancies produce uncompressed 

images that have lost visual information during the 

compression process.  An image fidelity criterion is useful 

for measuring image quality and for rating the performance 

of a processing technique or a vision system.  There are two 

types of criteria that are used for evaluation of image quality, 

subjective and quantitative.  The subjective criteria use rating 
scales such as goodness scales and impairment scales.  A 

goodness scale may be a global scale or a group scale.  The 

overall goodness criterion rates image quality on a scale 

ranging from excellent to unsatisfactory.   

 

E. JPEG Compression Standard 

JPEG is the acronym for Joint Photographers Experts Group.  

JPEG is compression method for color and grayscale still 

images.  It is not applicable for bi-level images very well.  

JPEG is designed as a compression method for continuous 

tone images.  Its main goals are; 

 High compression ratios, especially in cases where 
quality is judged as very good to excellent. 

 The use of many parameters, allowing sophisticated 

users to experiment and achieve the desired 

compression/quality trade-off. 

 Obtaining good results with continuous tone image, 

regardless of image features (size, colour space etc). 

 A sophisticated but not a complex compression 

method, allowing software and hardware 

implementations on many platforms. 

JPEG has four distinct modes of operations.  Namely,   

Sequential DCT based process 

 Decoder scans with above1, 2, 3 and 4. 

 DCT based process. 

 Source image: 8-Bit samples with in each 

component. 

 Sequential. 

 Huffman coding: 2AC and 2DC tables. 

Progressive DCT based process 

 Decoder scans with above 1, 2, 3 and 4. 

 DCT based process. 

 Source image: 8-Bit/ 12-Bit. 

 Sequential/progressive. 

 Huffman/Arithmetic coding: 4AC and 4DC tables. 

Lossless process 

 Decoder scans with above 1, 2, 3 and 4. 

 Predictive process, not DCT based. 

 Source image: p-Bits (8≤p≤16). 

 Sequential. 

 Huffman/Arithmetic coding: 4DC tables. 

Hierarchical process 

 Decoders scans with above 1 and 2  

 Multiple frames. 

 Uses extended DCT based or lossless process 

Advantages:  

 Applicable for both gray level (8 bit) as well as 

Color images (24 bit). 

 Customizable Quantization tables and Huffman 

tables provide flexibility to users for developing the 

algorithm. 

 The resultant image is capable of representing 8 bit 

as well as 24 bit images. This provides a plus point 

for resultant image over GIF images. 

 JPEG files are supported by all imaging softwares. 

Dis-advantages: 

 JPEG is a lossy compression. Therefore a trade-off 
between quality of image and quality factor is 

necessary. 

 Not well applicable for Binary images. 

Since it is lossy compression, it is not very well suitable for 

Medical and Satellite images. 

 

F. Run Length Coding  

RLE is a natural candidate for compressing graphical data.  

A digital image is made up of small dots called pixels.  Each 

pixel can be either one bit indicating a black or a white dot, 

or several bits, indicating shades of gray.  We assume that 
the pixels are stored in an array called a bitmap in memory, 

so the bitmap is the input stream for the image.  Pixels are 

normally arranged in the bitmap in scan lines, so the first 

bitmap pixel is the dot at the top left corner of the image, and 

the last pixel is the one at the bottom right corner. 

Each run of pixels of the same intensity (gray-level) is 

encoded as a pair (run length, pixel value). The run length 

usually occupies one byte following for runs upto 255 pixels. 

The pixel value occupies several bits, depending on the 

number of gray levels (typically between 4 and 8 bits).  

Example: an 8 bit deep gray scale bitmap that starts with 
12,12,12,12,12,12,12,12,12,35,76,112,67,87,87,87,5,5,5,5,5,

5,1….. is compressed into 9, 12, 35, 76, 112, 67, 3, 87, 6, 5, 

1….Where underlined numbers indicates counts.  The 

problem is to distinguish between a byte containing a 

grayscale value (such as 12) and one containing a count 

(such as 9). Here are some solutions: 

 If the image is limited to just 128 gray scales, we 

can devote one bit in each byte to indicate whether 

the byte contains a gray scale value or a count. 

 If the number of gray scale is 256, bit can be 

reduced to 255 with one value reserved as a flag to 

precede every byte with a count.  If the flag is, say, 
255, then the sequence above becomes 

255,9,12,35,76,112,67,255,3,87,255,6,5,1…. 

In this type of coding there is always a danger of actually 

increasing the size of data, instead of decreasing, so usually 

some other pre-filtering methods are employed to ensure that 

the data to be compressed contains large sequences of the 

same values.  One such method used in lossy compression is 

the utilization of colour quantization. 
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IV. SOFTWARE IMPLEMENTATION 

The basic JPEG implementation involves the following steps, 

 Color space conversion 

 Zero padding & Depadding 

 Level shifting & Inverse level shifting 

 Forward DCT & Inverse DCT 

 Quantization & Dequantization 

 Zig zag Coding & Inverse zig zag coding 

 DC difference coding & Inverse DC difference 

coding 

 Runlength coding & Runlength decoding 

 Entropy encoding & Entropy decoding 
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Fig 2: Flowchart for Start of Coding 
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Fig 3: Flowchart for Padding 
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Fig 4: Flowchart Level Shifting, DCT & Quantization 

 
Fig 5: Flowchart for DC Level Shifting, Zig-Zag and Run 

Length Encoding 

 

 

The methodology involves design and implementation of 

both compression and decompression systems using JPEG 

algorithms.  The compression algorithm is explained through 

flow charts as shown in Fig 2, Fig 3, Fig 4 and Fig 5.  The 
input to the encoder is an image in the BMP format.  Initially 

the image is stored in the buffer and passed to encoder block.  

The simulation is done by using Code Composer Studio.  

The encoded data is the input for the decoder.  The decoder 

decodes and the image is reconstructed.  The compression 

performance achieved is dependent on quality factor. The 

algorithm for decompression can be obtained by the inverse 

of the compression part i.e., just the reverse of the procedure 

followed for compression. 

 

V. RESULTS & DISCUSSION 

The input images are of Windows BMP and TIFF format.  
The output images are of JPG format.  The Error image 

presented here are the actual error multiplied by 8; this is 

done to get a proper view of the amount of error present.  

Table 2: Tabulated results for various images 
 

Image 

Original 

Image Size 

(Kilo Bytes) 

Compressed 

Image Size 

(Kilo Bytes) 

 

Compression 

Ratio 

Compression 

Performance 

(%) 

 

Moon 

64 x 96 

 

18.0 

 

2.56 

 

0.1422 

 

85.78 

 

Lena 

128 x 128 

 

48.0 

 

6.63 

 

0.1382 

 

86.18 

 

Veg 

160 x 148 

 

69.4 

 

 

12.8 

 

0.1845 

 

81.55 

 

Bird 

256x256 

 

192 

 

33.7 

 

0.1755 

 

82.45 

 

MRI 

242 x 236 

 

167.0 

 

11.6 

 

0.0695 

 

93.04 

 

IC 

128x128 

 

48.0 

 

6.85 

 

0.1427 

 

85.72 

 

Cameraman 

296 x 326 

 

282.0 

 

31.1 

 

0.1103 

 

88.97 

 

Saturn 

512 x 383 

 

574.0 

 

29.1 

 

0.0506 

 

94.94 

 

Cute 

576 x 432 

 

729.0 

 

171.0 

 

0.2345 

 

76.55 

 

Sun 

512x512 

 

768.0 

 

144.0 

 

0.1875 

 

81.25 

 

Minirose 

256x256 

 

192.0 

 

43.6 

 

0.2271 

 

77.29 

 

Thus, much of the compression takes place in the 

quantization stage.  Hence, we call quantization as the heart 

of the lossy scheme.  From the above results it can be 

determined that, amount of redundancy varies from image to 

image. As a result, the images of same input size may have 

different output size. 
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VI. CONCLUSIONS 

JPEG algorithm provides a better solution in reducing the 

volume of an image by keeping same number of rows and 

columns as that of original image.  JPEG provides an 
opportunity for the user to customize the quality factor.   

DCT provides an easier computational method by selecting 

spatial data.  By partitioning the importance of visual quality, 

compressions can be considered early. 

For graphical format DCT based compression method is most 

preferred. The reason is, it doesn’t perform pre-definition on 

the type & number of graylevels used by the image. 

The compression ratio achieved by RLC is in the range of 20 

to 40 %.  However, there are other compression algorithms 

that are recently developed which provide still further better 

compression ratios.  

JPEG algorithm provides a better solution in reducing the 
volume of an image by keeping same number of rows and 

columns as that of original image.   

JPEG provides an opportunity for the user to customize the 

quality factor.  Higher the quality factor more will be the 

compression but less will be the quality of output image and 

vice versa.  Hence a trade-off is necessary between image 

quality and compression. 

The concept of adaptive quantization may be applied to JPEG 

lossy compression scheme also.  

JPEG can be enhanced to MJPEG by adding Motion 

Estimation to the same algorithm. 
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