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The use of digital images has increased at a rapid pace over the past decade. Computer generated (synthetic) images are
becoming an additional source of digital data, particularly for special effects in advertising and entertainments. Image
compression is the art/science of efficiently coding digital images to reduce the number of bits required in the representing
an image. The purpose of doing so is to reduce the storage and transmission costs while maintaining good quality. Image
compression is achieved by exploiting redundancies in the image. These redundancies could be spatial, spectral, or temporal
redundancy. The techniques for image compression are Huffman coding & Run length encoding.
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1. INTRODUCTION

Many recent imaging modalities in medicine, such as
magnetic resonance imaging (MRI) and computed
tomography (CT), also generate images directly in digital
form. Computer generated (synthetic) images are becoming
an additional source of digital data, particularly for special
effects in advertising and entertainments. The downside to
representing images in digital form is that a large number
of bits is required to represent even a single digital image,
and with a rapid advances in sensor technology and digital
electronics, this number grow larger with each new
generation of products. Further more the total number of
digital images produced each day increases as more
applications are found as a result, it becomes necessary to
find efficient representation for digital images in order to

• Reduce the memory required for storage;

• Improve the data access rate from storage device
and;

• Reduce the bandwidth and/or the time required for
transfer across communication channels. The
branch of digital image processing that deals with
the problem is called image compression.

Image compression is the art/science of efficiently
coding digital images to reduce the number of bits required
in the representing an image. The purpose of doing so is to
reduce the storage and transmission costs while maintaining
good quality.

Image compression is achieved by exploiting
redundancies in the image. These redundancies could be
spatial, spectral, or temporal redundancy.
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• Spatial redundancy is due to the correlation between
neighboring pixels.

• Spectral redundancy is due to correlation between
different color planes.

• Temporal redundancy is due to correlation between
different frames in a sequence of images such as in
videoconferencing applications in broadcast images
[1].

2. CLASSIFICATION OF IMAGE COMPRESSION TECHNIQUES

Classification of image compression, namely whether the
compression is lossless or lossy. In lossless compression (also
known as bit preserving or reversible compression), the
reconstructed image after compression is numerically
identical to the original image on the pixel-by-pixel basis [1].

In lossy compression (known as irreversible
compression), the reconstructed image contains degradations
relative to the original image. However under certain
conditions, this degradation may not be visually apparent
(sometimes called visually lossless compression) [1].

3. HISTOGRAM

The histogram of gray levels in an image is defined by Eq.
(1):

h (i) =
( )n i

n
Eq. (1)

Where n(i) = sum of gray levels in the image having
the value i and n = total number of gray levels in the image.
The distribution p (i) or n (i) can provide the appearance of
the mage [1].

4. SELECTING COMPRESSION TECHNIQUES

• Sensitivity to input image types.

• Operational bit rate.
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• Constant bit rate v/s constant quality.

• Implementation issues.

• Encoder/decoder asymmetry.

5. RUN-LENGTH CODING

Run-length coding (RLC) is scheme for image compression
that exploits spatial redundancies. For one-dimensional run
length coding, a run length is defined as the number of
successive pixel elements having the same values. The image
can be coded using the pair: (run-length, gray code) [Fig.1.]. A
program based on this basic definition would not necessarily
reduce the size of the image, particularly if there were not
that many successive pixels having same value. Such a
condition might occur in a crowded picture. Run-length
encoding is a data compression algorithm that is supported
by most bitmap file formats, such as TIFF, BMP, and PCX.
RLE is suited for compressing any type of data regardless
of its information content, but the content of the data will
affect the compression ratio achieved by RLE. [4].

5.1. Implementation of RLC

The basic definition of RLC can be utilized in a well-
designed algorithm that overcomes the problem arising from
that possibility as follows:

1. A run-length is identified by having all of its last
three most significant bits set to 1. Its lower 5 bits
provide a repeat count from 1 to 31 for the byte
that follows.

2. If a pixel value has zero run-length, then it can be
coded as follows:

a) If its last 3 bits are all set to 1, i.e., >=224, then
it is coded as (11100000, pixel value), i.e., zero
length followed by pixel value.

b) Otherwise, it is coded just as pixel value.

The above steps assume that in normal busy picture run-
lengths greater than 31 would be rare [1].

6. HUFFMAN CODING

The images we have dealt with so far have been coding and
saved in the “natural code.” That is, a gray level of value g
is coded with its 8-bit binary equivalent. A gray level of
value 6, for example, is coded as 00000110. An alternate
coding arrangement is to utilize the gray code. If we were
to develop a code such that fewer bits are assigned to code
words representing gray levels having higher probability of
occurrences and vice versa, such that the average code world
length is minimum, then that we have developed is basically
a minimum redundancy code. Such coding is known as
variable length coding or sometimes entropy coding. The
questions now that should be posed are:

• What is minimum average word length possible
that can be used that can be correctly decoded?

• How do we generate such a code?

The answer to the first question can be found in
information theory. Suppose a gray level g of probability of
occurrence p (g) is given the word length L (g) bits. Then
the average code word length, in an 8-bit gray level image,
is given by Eq. (2):

L=
255

0

( ) ( ) bit/pixel
g

P g L g
=

−∑ (2)

A reasonable assumption that can be made is that the
occurrence of a less probable event should provide more
information than the occurrence of a more probable event.
This assumption leads to the relationship Eq. (3):

L (g) =
1

Log 2 ( )p g (3)

The base 2 is used since L(g) is to be expressed in binary
units or bits. The minimum word length that can be used is
given by Eq. (4).

minL =
255

2
0

( ) log ( ) bit/pixel
g

p g p g
=

−∑ (4)

This lower bound is called the entropy of the signal.
Entropy is never negative since p(g) lies in the range [0,1].
Note that for a 256 gray-level image in which each level
has equal probability of occurrence we get, using above
equation, the following Eq. (5):

minL =
255

2
0

1/ 256 log (1/ 256) 8 bit/pixel
g =

− =∑  (5)

This would mean that an equal length code could be
used on an image that has a uniform probability density
function.

The answer to the second question regarding the
minimum redundancy code was answered by Huffman. This
coding scheme is known as Huffman (HC) and is widely
utilized in hardware as well as software coders for
commercial application. We shall now examine the Huffman
coding scheme[1].

7. ALGORITHMS FOR COMPRESSING DIGITAL IMAGES

7.1. Algorithms for Coding a Digital Image

1. A lookup table that relates a gray level value to the
Huffman code. This LUT can be developed using
the relationship:

table_code [gray[i]] = code[i].

Where code[i] is the Huffman code.
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2. A lookup table that relates gray level value to the
code length of the equivalent Huffman code. This
LUT can also be generated using the relationship:

table_length [gray[i]] = L[i].

Coding can than proceed as follow:

1) Open an output file to save coded image.

2) Set Len=0 and aux = 0.

aux is a 4 – byte register used for transferring
code.

Len contains the number of bits left in aux.

3) Read a pixel value.

4) Determine its Huffman code, code[i], and its

equivalent length L[i], using the to LUTs
generated initially.

5) Shift aux to left by L[i] bits.

6) Logically ‘OR ‘code[i] with aux.

7) Update Len = Len + L[i].

8) If Len >= 8 then move the last 8 bits to the output
file and decrement Len by 8.

9) If end-of-file has not been reached go to step 3.

10) Transmit the remaining bits in the aux register
to the output file.[1]

7.2. Algorithms for Decoding Digital Images

Fig.1: Flow Chart for RLC [4].

The decoding of a file code using the Huffman code can be
carried out using the following steps:

1. Set Len=0, flength=0, aux=0.

Len is a counter for the number of bits to be
decoded.

flength is a counter to compare against the true
length of the file.

aux is a 4-byte register that contains bits to be
decoded.
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Repeat the following steps until
flength>true_length

{

2. Move 1 byte from the file to register ch.

Repeat the following steps eight times:

{

3. Shift aux register to the left 1 bit.

4. Move the most significant bit of the least significant
bit position of aux.

5. Shift to the left by 1 bit ch.

6. Increment Len 1.

7. Increment flength by 1.

8. Check aux against all Huffman codes having length
= Len.

If a match is found:

a) Copy the equivalent gray level to the output file.

b) Set aux to zero.

c) Set Len to zero.

} (i.e., go to 3).

} (i.e., go to 2) [1].

Fig. 2.a: Image after Decoding using HC (Loss Less).

Fig.2.b: Image after Decoding using RLC (Loss Less)
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Fig.2c: Original Image

Fig.3: Analysis of Fig.2, 2.a, 2.b

Compression ratios for fig 2:

1) Using RLC is 10.76%

2) Using HC is 20.00%

8. CONCLUSION

Run-length coding is a scheme for image compression that
exploits special redundancies. It is very easy to implement,
but would not necessarily reduce the size of image [Fig.2.b & 3].
Greater compression ratio is achieved in crowded image
using RLC.

Huffman coding is widely utilized in hardware as well
as software coders for commercial application. This is

minimum redundancy and optimal code. Compression ratio
is higher than RLC [Fig.3]. Huffman coding can provide
optimal compression and error free decompression.
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