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ABSTRACT

Lossless image compression has long been recognised as an important need for several applications such
as medical imaging, storage of critical IR image sequences, and remote sensing. In this paper, a simple, fast
and easy to realisable-on-hardware lossless video compression algorithm is proposed that is well-suited for
IR imageries. Context-based median predictor is used for prediction of reference pixels. Three neighboring
pixels are used as context for prediction. Inter-frame coding is performed by encoding the redundant pixels
in an efficient way, using 1-bit code. Finally, the arithmetic coder is used as entropy coding. The proposed
algorithm is able to operate in image compression and video compression mode. The proposed Median Predictor
based Lossless Video Compression (MPLVC) algorithm is compared with Joint Pictures Experts Group-
Lossless (JPEG-LS) and Fast and Efficient Lossless Image Compression System (FELICS) for compression
performance. The results demonstrate that proposed algorithm is superior in encoding rate with added advantage

in simplicity and ease in realization on hardware.
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1. INTRODUCTION

Lossless image compression is becoming increasingly
important in many applications such as computerised axial
tomography (CAT), magnetic resonance imaging (MRI),
storage of IR video data for analysis of small targets,
digital cinema, and many more. Number of lossless image
compression algorithms have already been reported in
the literature such as LOCO-| (LOw COmplexity LOssless
COmpression for Images), JPEG-LS, CALIC (Context Adaptive
Lossless Image Compression), FELICS and SPIHT (Set
Partitioning In Hierarchical Tree). Context-based prediction
techniques are considered to be most efficient among'these
The standard algorithms in vogue are JPEG-LS, CALIC
and FELICS. The algorithms presentédre based on the
idea of predicting a pixel on the basis of adjacent pixels.

In this paper, a simple, fast, and easy to realisable-
on-hardware, lossless video compression algorithm, that
is well-suited for IR video storage applications, has been
proposed. The image frames are encoded and decoded in
raster scan order. Context-based median predictor is used
for prediction of reference pixels. Three neighbouring pixels
are used as context for prediction. Inter-frame coding is
performed by encoding the redundant pixels in a very
efficient way, using a single-bit code. Finally, the arithmetic
coder is used for coding prediction error. The first image
frame is encoded by removing the spatial redundancy only.
In subsequent image frames, the pixel redundancy is handled
using spatial as well as temporal information (temporal
information is gathered from the context of previous image
frame). This way, redundancy is reduced by a great deal.

Two basic components of the predictive compression algorithms It can be seen that the algorithm works in image compression

are prediction of current pixel from the information of the
previously encoded pixels and coding of prediction error
using entropy coding techniques such as Arithmetic coder,
Huffman coder, etc.

mode followed by video compression mode.

2. PROPOSED MPLVC ALGORITHM

In the proposed MPLVC algorithm, an image frame is

Lossy image and video compression schemes have encoded and decoded in raster scan order for real-time
achieved very high compression ratio and reached a quite applications. Immediate previous three neighbouring pixels
matured stage, but lossless compression schemes are stilbf current image frame were used as context for prediction

struggling for high performance. While several schemes

as shown irFig. 1. The first three pixels of first row and

have been reported for lossless image compression, losslesdirst column were encoded without compression in the

video compression has not received much attention so far.

absence of required neighbouring pixels. The context for

Lossless video compression is now a hot topic for research prediction used for other pixels of first row and first column

community.

are shown in Fig.1(a) and Fig.1(bgspectively and the
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Figure 1. (a) The pixels used for context of prediction for first
row only, and (b) the pixels used for context of
prediction for first column only. The pixels used for
context of prediction for all other pixels.

context for prediction for all other pixels is taken as shown
in Fig.1(c).Three neighbouring pixel intensities, p, and

c¢) of the current image frame as context for prediction have
been used. Thie m, andh are termed as minimum, median,
and maximum pixel intensities. The reference pixel is denoted
by X (p, ) , where symbail represents index of image frame,
(p, 9 denotes the position of the pixel, andenotes the
gray-scale intensity. Here, symbolskac, |, mandh are
referred to their gray-scale pixel intensities. If the intensity
of a reference pixel lies in betwekandh, it is called in-
range pixel; otherwise it is called out-of-range pixel. The
encoding scheme uses one bit to indicate whetlierd)

is in-range or out-of-range. If it is in-range, one more bit
is needed to indicate wheth&r(p, d) is less than median,

m or not, and next few bits are used to specify the exact
value. For out-of-range pixel, one bit is used to encode
below-range (logic ‘1’) or above-range (logic ‘0’) values
for out-of-range values.

Steps of the Algorithm

NO. 2, MARCH 2009

Step 6 If x(p, 0> h, code ‘0’ to indicate above-range
pixel, and then use arithmetic code to encode,
otherwise code ‘1’ to indicate below-range pixel,
and then use arithmetic code to encode; (p, Q) .

Step 7 Increment the counter to point to the next pixel
of the image frame, until all pixels have been encoded.

To compress the very first image frame of video, the
algorithm operates in image compression mode. As soon
as second frame is available, it switches to video compression
mode. The proposed algorithm works in image compression
mode by removing step 2 of the stated algorithm. The
decoding algorithm is just reverse process of encoding
algorithm and it can be derived easily.

The proposed algorithm performs better for smooth
changes in the neighbouring pixels and is obvious. In this
case, the pixel being encoded will be in-range and the
values of, mandh will be close, leading to lower difference
betweerx (p, @ andm and results in better coding rate.
3. CHOICE OF ENTROPY CODING SCHEME: AN
ARITHMETIC CODER
Entropy coder is used to encode the prediction errors
using entropy coders such as Huffman cédAarithmetic
codef and Golomb-Rice codePrediction error is commonly
modelled using a Laplacian distributforduffman coder
and Golomb-Rice coder are fast encoders with reduced
complexity. But, efficient entropy coding can be achieved
using an adaptive Arithmetic cod&rAn adaptive arithmetic
codering8is used for entropy coding. Entropy coding by
using an arithmetic codeis performed by dividing the
coding step in two parts: first, the determination of a probabilistic
model for the source, and second, the entropy coding that
uses the model. In a simple adaptive model, the data stream
is encoded symbol by symbol, by updating the probabilistic

Image frames of a video sequence are numbered asmodel after each encoding. Re-normalisation is done to
i=0, 1, 2, 3, and so on. Steps of the proposed algorithm avoid overflow and to provide a way of discounting the

for encoding video, operating in video compression mode
are:

Step 1 Encode pixelsx (p,0) ,p=0, 1, 2 anc (0,q), g=1,

2; without coding.

Foreachx (p,q);if x(p, 0 isequal tox,(p, 0,
encode the pixel by using one bit code ( code ‘0’is
used) and go to step 7, otherwise output ‘1’, as
one bit code and go to step 3.

Step 2

Step 3 For eachx (p,q) ; calculate,

I=min (@, b, 9,

m=median &, b, 9,

and,h=max (@, b, 9

If 1 <x(p,0)<h, one more bitis used to indicate
in-range pixel and code it ‘0’ and go to step 5,
otherwise code ‘1’ to indicate out-of-range pixel,
and go to step 6.

If X(p, g= m, use one more bit as ‘0’ otherwise

code ‘1'. Use arithmetic coder to encode to the
difference of x (p, ) andm and then go to step 7.

Step 4

Step 5
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past statistics. However, re-normalisation improves exploitation
of non-stationarities of the data source; this method is not
very effective for encoding the images. The performance
of the arithmetic coder usédan be further improved by
optimising the source code.

4. EXPERIMENTAL RESULTS

The proposed lossless video compression algorithm
is tested on a number of video clips, and some of the
results are listed here. Details of the video clips used for
simulation is givenr Table 1. Performance of the proposed
MPLVC algorithm on different types of video clips is compared
with JPEG-LS codéand FELICS executable cdélas listed

in Table 2. The results demonstrate that proposed algorithm
is superior in encodingate. Coding rate is calculated on
8-bit grey-scale values, because all image frames are 8-bit
resolution. Validation of lossless mode of image/video
compression is done using Linux cmp utility, which compares
original image frame and decompressed image frame. Itis
found that all image frames are decompressed without loss
of any pixel information.



SARAN et al. MEDIAN PREDICTOR-BASED LOSSLESS VIDEO COMPRESSION ALGORITHM FOR IR IMAGE SEQUENCES

Table 1. Description of the video clips

Video Clip No. Description Frame size No. of frames
1. Video clip containing birds flying in front of a hill (with positive polarity) 500x332 150
2. Video clip containing birds flying in front of a hill (with negative polarity) 500x332 100
3. Video clip containing airborne point target 352x288 30
4. Video clip containing dense cloud 320x244 90
5. Synthetic video clip containing fast moving cloud 928x264 158
6. Video clip of moving ground target (vehicle) 352x288 120

Table 2. Comparison of MPLVC algorithm with standard JPEG-LS and FELICS

JPEG-LS FELICS Proposed MPLVC Algorithm
Videoclip  compression Coding rate Compression Coding rate Compression Coding rate
ratio (bpp) ratio (bpp) ratio (bpp)

1. 2.97 2.67 2.92 2.74 3.65 2.19

2. 3.14 2.55 3.00 2.66 3.63 2.20

3. 2.73 2.93 2.31 3.47 8.00 1.00

4. 3.04 2.63 2.43 3.29 9.52 0.84

5. 6.15 1.30 5.01 1.59 10.39 0.77

6. 1.53 5.22 1.49 5.36 2.07 3.85

(a) (b)

Figure 2. (a) Sample original image frame of video clip 1 and (b) Sample decompressed image frame.

(a) (b)

Figure 3. (a) Sample original image frame of video clip 2 and (b) Sample decompressed image frame.
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(a) (b)

Figure 4. (a) Sample original image frame of video clip 3 and (b) Sample decompressed image frame.

(b)

Figure 5. (a) Sample original image frame of video clip 4 and (b) Sample decompressed image frame.

(a) (b)

Figure 6. (a) Sample original image frame of video clip 5 and (b) Sample decompressed image frame.

The compression ratio is expressed as original image Eqgns (1) and (2) respectively, and are used as figures of
size or video size divided by compressed size. The 8-bits merit for comparing the performance of compression algorithms.
gray scale images are used for experiments. Sample original image frames and their respective

Original image (or video) size decompressed image frames are showfkigs.2-7.

Compression ratio = Compressed size 5 CONCLUSIONS

A lossless compression algorithm, is presented which

() operates in image compression mode as well as video
compression mode. In video compression mode, temporal
Compression ratio and coding rate as given in redundancy is removed by simple and efficient way, encoding

Compressed size 8

Coding ratébits per pixely= Original size
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Figure 7. (a) Sample original image frame of video clip 6 and (b) Sample decompressed image frame.

the reference pixel by 1-bit code. Proposed lossless compression/.  Witten, |. H. ; Neal, R.& Cleary, J. G. Arithmetic coding
algorithm is simple, low complexity, minimal delay and easy for data compressionCommunication ACM1987,

to realisation on hardware. Results demonstrate that proposed 30, 520-40.

MPLVC algorithm out performs standard JPEG-LS and FELICS. 8. Rice, R.F. Some practical universal noiseless coding

techniquesin Jet Propulsion Laboratory, JPL Publication
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