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This paper describes the novel application of using linear fractal interpolation
functions (FIFs) to model video signals represented as single-valued
discrete-time sequences to compress video images. The problem is data
compression of full-motion broadband television signals. The viability of
using FIFs to model video signals is shown by modelling test static image
frames. Compression ratios, SNRs and compression-decompression times are
reported. Extension of this work to compress motion video is described.
Finally the images are analysed by calculating and plotting the fractal

dimensions of each line in the frame against the line for that image.
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1. LINEAR FRACTAL INTERPOLATION FUNCTIONS

(SELF-AFFINE FRACTAL MODEL)

In linear fractal interpolation, a set of points is interpolated with a continuous, single
valued function that passes through the given interpolation pdifitse interpolation

function is constructed witm affine maps of the form:
Oa; 0 UOx O
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whered is constrained to lie in the interval (-1, Bach affine map is constrained to
map the endpoints of the set of interpolation points to two consecutive interpolation

points, that is:
Oxo O DOxig Ox; U
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Controlling the vertical scaling factad, independentlythe four parametersy(c, e

andf,) are given by:

a = fx (3)
6 =2 -afes @
g = Lot (5)
f= e - g, O ©

The fractal function is decompressed using the deterministic FIF generation routine.

1.1 Contraction Factor, d , Calculation by the Analytic M ethod

As explained in Fig. 1, the determinationdpfs simply:
d; = Jm (7

Hmax

If the functionH, lies below the straight line for eitheror p then that term has a

negative value.
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y=H(X)

Fig.1 Determination of the affine parametefor a functionH(x) to be modelled by

fractal interpolation functions.

1.2 Summary of an Inverse Algorithm (Parameter |dentification Algorithm)
1. Choose the initial point on the functibhas the first interpolation point and the

left endpoint of the first section

2. Choose the next point on the function as the next interpolation point and the right

endpoint for that section.

3. Compute the contraction factat, associated with the section defined by the pair

of interpolation points, using Eqg. (7).

4. If Od>1 go to step two, otherwise go to step five.

5. Compute the affine map parametagss, ¢ andf, using Egs. (3)-(6) and form the
affine mapw, associated with the pair of interpolation points. Apply the map to

each point of the function to yielg(H).

6. Compute and temporarily store the distance between the original function located
between the pair of interpolation points, sdy and w,(H). The Euclidean

distance measure is a convenient measure to program.
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7. Repeat steps two to six until the end of the functigns reached.

8. Store the pair of interpolation points and contraction factor which yield the
minimum value oh(H,, w,(H)) from steps five and six'his step may be speeded
up by satisfying some tolerance limib’ ‘is the Euclidean distance measure in

our case.

9. Let the right endpoint of the stored pair of interpolation points be the left

endpoint of the next pair of interpolation points

10.Go to step two and continue until the entire function has been searched.

If the function is self-affine, the algorithm will find a set of maps to represent the
function, if the map is not self-affine then the IFS maps found will approximate the

function.

2. COMPRESSION OF STATIC AND MOTION IMAGES

By representing a whole frame (25656 pixels, 256 grey levels), as a single video
line, the FIFs were successfully able to model the images, the results are shown in
Fig. 2.

For motion video compression, the changes in the waveform from one frame to the
next may be coded using FIFs or the error difference sent if the changes are within

some tolerance limit.
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Original Test Images Decompressed Fractal Images

Claire Image
“cl_d”

0

Right = 20th Pixel

= Left = 10th Pixel

Total Samples = 64,680 No. of Blocks = 2560. of samples in each block = 256
a=0 Time'=4min Total No. of Maps = 5,164No. of Tests = 101,186
Compression Ratio®=4.18 SNR =19.7dB

Hospitalimage

“psemr256”

Left = 10th Pixel
Right = 20th Pixel

Total Samples = 65,738 No. of Blocks =256 No. of samples in each block = 256
a=0 Time’=9min Total No. of Maps = 5,181 No. of Tests = 101,434

Compression Ratio? =4.17 SNR =18.0dB

1. Programs executed on 66MHz 486DX PC. Times are for one compression and

decompression cycle.

2. Compression Ratio = (Total Sample8 kits/sample)/(Total No. of Maps24
bits/map).

3. Programs executed on 33MHz 486DX PC. Times are for one compression and

decompression cycle.

Fig. 2 Image Compression Using Fractal I nterpolation Functions
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3. FRACTAL DIMENSION CALCULATION AND ITSUSE

The box dimensiorf is used to calculate the fractal dimension of our discrete image
data. The details of the algorithm is given in Peitg&mgure 3 shows the plot of
fractal dimension per line of the video waveform for the two test images. The plot
shows that the video waveforms had similar fractal dimensions and that the data were

similar. The average fractal dimension was found to lie within a narrow range of 1.07

Plot of horizontal line against the fractal dimension for that linefor the Claireimage Plot of horizontal line against fractal dimension for that line for the hospital image
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Fig. 3 Rot of Fractal Dimension/Line of the Video Waveform for the Two Test
Imageswhere the average fractal dimension is 1.07 for Claire and 1.17 for the

Hospital image.

4. CONCLUSIONS

The use of FIFs to represent video signals was shown to be viable. The initial
compression ratio of ~4.2:1 can be improved by optimisation of the algorithm and
entropy coding of the fractal code. Self-similarity if it does not exist for one line of

data, then it surely exists for multiple adjacent lines, and hence video data is suitable
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for fractal coding. The main advantage with fractal coding is the resolution
independence of the code - images may be decoded to higher resolutions and be
suitable for high definitiortelevisions. The average fractal dimension of the video
data for the whole frame lay within a narrow range of 1.07 to 1.17, this shows the

similar nature of image data.
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