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Abstract. The present paper describes testing the algorithm based on methods of cascade fragmenta-
tion and ordering pixels sequence. The test images were borrowed from the sample images database
available on University of Southern California site. All images were divided into 4 groups. Each
group featured images of certain class and size. Testing was done at the following algorithm parame-
ters: with variable sizes of image fragments (5x5, 6x6, 16x16); with variable number of ordering me-
thods (bypass methods) applied to fragment’s pixels (16, 32, 64, 128, 256). Test results were
represented as average, minimum, maximum and variance compression ratio. It was shown that aver-
age compression ratio can be increased by 4.7 % for some groups of images and compression algo-
rithm parameters. Moreover, cascade fragmentation was found to have other advantages over “snake”
image bypass.
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INTRODUCTION

All of image compression algorithms can be classified into two groups: 1) the bypass of
image pixels matrix and obtaining the ordered pixels sequence (array); 2) the transformation
of image matrix; transformation results are bypassed subsequently.

The methods of image bypass [1—4] generally come down to simple bypass methods; in
particular, “snake” bypass is applied to JPEG images. At this bypass, the value of each subse-
quent pixel is predicted from previous values. Regardless of complex predictors, a simple me-
thod of pixels matrix bypass is used. In most cases delta-coding (the first finite difference) is
applied as predictor. For transformation purposes, Fourier discrete transform [5] as well as
wavelet transform is commonly employed [6].

In the previous paper [7] the authors proposed cascade splitting of an image into multiple
fragments of fixed size. Then, finding optimal bypass trajectory was considered which was
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thought to result in greater compression ratio compared to traditional “snake” bypass. A more
detailed theoretical description of the tested algorithm can be found in papers [7-9].

ORDER AND RESULTS OF TESTING

The present research was aimed at developing a beta software version for image com-
pression and comparing the results of compression with and without the use of cascade frag-
mentation and bypass optimization. The following parameters are assumed variable at testing:
image fragment size; the number of ordering methods (bypasses) applied to fragment’s pixels.
Delta-coding is used as predictor. To compress the prediction error (modulo) Huffman’s me-
thod is applied [1].

The developed method was tested on sample test images [10] taken from the site of Uni-
versity of Southern California on their Signal and Image Processing Institute page. The fol-
lowing images were tested: 2.1.01...2.1.12, 2.2.01...2.2.24, 4.1.01...4.1.08, 4.2.01...4.2.07.

In order to understand the efficiency of this or that compression mode, the tested images
were divided into 4 groups based on the following criteria: size and class of an image. Thus,
the first «2.1.*.fiff» and the second «2.2.*.tiff» groups represent aerial photographs of
512x512 and 1024x1024 pixels size respectively. The third «4.1.*.tiff» and the fourth
«4.2.* tiff» groups are photographs of 256x256 and 512x512 size respectively. Additionally,
the general result for all images was provided. Each group was tested at the following bypass
parameters: without cascade fragmentation and optimization (“snake” bypass) and with cas-
cade fragmentation and bypass optimization [7]. The examples of free parameters of compres-
sion algorithm included fragment sizes at nxn splitting and the number of fragment bypasses
{k}: 5x5 {824}, 6x6 {22144}, 16x16 {16}, 16x16 {32}, 16x16 {64}, 16x16 {128}, 16x16
{256}. The 16x16 fragment was limited reagrding the number of its bypasses with the view of
saving on compression time and the expenses of coding the bypass number.

Test results are shown in tables 1...4 with average, minimum, maximum, and variance
compression ratio represented by groups of images and compression types respectively. Simi-
larly, the test results by compression time are given in tables 5...8.

Table 1. Average compression ratio of images

Average compression ratio

Groups of images “Snake” 5%5 6%6 16x16 | 16x16 | 16x16 | 16x16 | 16x16
bypass {824} {22144} {16} {32} {64} {128} {256}

2.1.*.1iff 512512 1.424 1.414 1.424 1.426 1.426 1.426 1.426 1.426
2.2.*.1iff 1024x1024 1.547 1.536 1.546 1.548 1.548 1.548 1.548 1.547
4.1.*.4iff 256x256 1.618 1.627 1.644 1.622 1.622 1.622 1.622 1.622
4.2.*.¢iff 512x512 1.549 1.556 1.569 1.553 1.553 1.553 1.552 1.552
All images 1.539 1.531 1.542 1.540 1.540 1.540 1.540 1.540

Table 2. Minimum compression ratio

Minimum compression ratio

Groups of images “Snake” 5%5 6x6 16x16 | 16x16 | 16x16 | 16x16 | 16x16
bypass {824} | {22144} {16} {32} {64} {128} | {256}

2.1.% 4ff 512x512 1.219 1.212 1.220 1.219 | 1.219 | 1.219 | 1.219 | 1.219
2.2.*.4ff 1024x1024 1.284 1.271 1.275 1.283 1.283 1.283 | 1.283 1.283
4.1.* tiff 256x256 1.222 1.197 1.203 1.218 | 1.218 | 1.218 | 1.218 | 1.217
4.2.*, 1iff 512x512 1.222 1.197 1.203 1.218 | 1.218 | 1.218 | 1.218 | 1.217
All images 1.219 1.197 1.203 1.218 | 1.218 | 1.218 | 1.218 | 1.217
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Table 3. Maximum compression ratio

Maximum compression ratio
Groups of images “Snake” | 5x5 66 16x16 | 16x16 | 16x16 | 16x16 | 16x16
bypass (824} | {22144} {16} 32} {64} (128} | {256}
2.1.*.4iff 512x512 1.618 1.613 1.624 1.621 1.621 1.621 1.621 1.621
2.2.%.1iff 10241024 2.054 1.980 2.017 2.042 | 2.042 | 2.042 | 2.043 | 2.042
4.1.%.4iff 256x256 2.108 2.120 2.167 2.107 | 2.107 | 2.107 | 2.106 | 2.107
4.2.* 1iff 512x512 1.883 1.915 1.938 1.887 | 1.887 | 1.887 | 1.887 | 1.886
All images 2.409 2.463 2.510 2423 | 2422 | 2422 | 2422 | 2421
Table 4. Variance image compression ratio
Variance compression ratio
Groups of images “Snake” 5x5 6x6 16x16 | 16x16 | 16x16 | 16x16 | 16x16
bypass 824} | {22144} | {16} {32} {64} | {128} | {256}
2.1.*.4ff 512x512 0.016 0.016 0.017 0.017 | 0.017 | 0.017 | 0.017 | 0.017
2.2.*.1iff 1024x1024 0.027 0.026 0.029 0.026 | 0.026 | 0.026 | 0.026 | 0.026
4.1.%.4iff 256x256 0.081 0.089 0.097 0.081 | 0.081 | 0.081 | 0.081 | 0.081
4.2.* 1iff 512x512 0.049 0.058 0.061 0.050 | 0.050 | 0.050 | 0.050 | 0.050
All images 0.049 0.053 0.057 0.050 | 0.050 | 0.050 | 0.050 | 0.050
Table 5. Average image compression time
Average compression time
Groups of images “Snake” |  5x5 6%6 16x16 | 16x16 | 16x16 | 16x16 | 16x16
bypass 824} | {22144} | {16} {32} {64} {128} {256}
2. 1.x1ff 512x512 0:01:36 | 0:02:30 | 0:18:41 | 0:01:30 | 0:01:30 | 0:01:31 | 0:01:36 | 0:01:41
2.2.*.1iff 1024x1024 0:05:56 | 0:09:31 | 1:20:36 | 0:05:59 | 0:05:55 | 0:06:04 | 0:06:15 | 0:06:44
4.1.*.1iff 256256 0:00:23 | 0:00:35 | 0:04:33 | 0:00:23 | 0:00:22 | 0:00:23 | 0:00:23 | 0:00:24
4.2.%.4iff 512x512 0:02:14 | 0:02:51 | 0:19:55 | 0:02:07 | 0:02:06 | 0:02:10 | 0:02:07 | 0:02:21
Table 6. Minimum compression time
Minimum compression time
Groups of images “Snake” 5x5 6x6 16x16 16x16 16x16 16x16 16x16
bypass 824} | {22144} {16} 32} {64} {128} {256}
2.1.*.4iff 512x512 0:00:56 | 0:01:56 | 0:18:11 | 0:00:52 | 0:00:52 | 0:00:53 | 0:00:59 | 0:01:02
2.2.*.1iff 1024x1024 0:03:46 | 0:07:52 | 1:17:03 | 0:04:13 | 0:04:10 | 0:04:15 | 0:04:26 | 0:04:42
4.1. % 4iff 256x256 0:00:18 | 0:00:31 | 0:04:29 | 0:00:20 | 0:00:19 | 0:00:20 | 0:00:20 | 0:00:22
4.2.%. tiff 512x512 0:01:36 | 0:02:35 | 0:19:32 | 0:01:47 | 0:01:44 | 0:01:47 | 0:01:46 | 0:01:58
Table 7. Maximum compression time
Maximum compression time
Groups of images “Snake” |  5x5 6x6 16x16 | 16x16 | 16x16 | 16x16 | 16x16
bypass | {824} | {22144} | {16} 32} (64} {128} {256}
2. 1% 512x512 0:02:33 | 0:03:04 | 0:19:07 | 0:02:19 | 0:02:17 | 0:02:17 | 0:02:26 | 0:02:28
2.2.%.£iff 1024x1024 0:08:19 | 0:12:33 | 1:23:32 | 0:08:21 | 0:08:14 | 0:08:26 | 0:08:48 | 0:09:07
4.1.* 1iff 256x256 0:00:30 | 0:00:42 | 0:04:43 | 0:00:29 | 0:00:29 | 0:00:30 | 0:00:29 | 0:00:31
4.2.* 1iff 512x512 0:02:49 | 0:03:02 | 0:20:14 | 0:02:25 | 0:02:24 | 0:02:26 | 0:02:24 | 0:02:37
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Table 8. Variance compression time

Variance compression time

Groups of images “Snake” 5x5 6x6 16x16 16x16 16x16 16x16 16x16
bypass {824} | {22144} | {16} {32} {64} {128} {256}

2.1.*.4iff 512x512 1.025E-07 | 6.9E-08 | 4E-08 | 8.57E-08 | 8.34E-08 | 8.39E-08 | 8.87E-08 | 8.89E-08

2.2.%.tiff 1024x1024 | 7.286E-07 | 7E-07 | 2E-06 |5.46E-07 | 5.21E-07 | 5.36E-07 | 6.01E-07 | 5.93E-07

4.1.%.4iff 256x256 2.134E-09 | 1.5E-09 | 3E-09 |1.01E-09 | 1.22E-09 | 1.24E-09 | 1.06E-09 | 1.26E-09

4.2.* 1iff 512x512 1.009E-07 | 1.3E-08 | 4E-08 | 2.45E-08 | 2.53E-08 | 2.51E-08 | 2.29E-08 | 2.55E-08
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CONCLUSIONS

1. Let us consider test results by groups of images. According to average com-
pression ratio the fragmentation and optimization method proves more efficient com-
pared to the “snake” method: 1) in group «2.1.*.4iff 512x512» by 0.2%; 2) in group
«2.2.*.tiff 1024x1024» the results do not differ considerably; 3) in group «4.1.*.tiff
256x256» by 4.7%; 4) in group «4.2.*.tiff 512x512» by 2%; 5) generally, throughout
all groups by 0.3%.

2. If the difference in compression ratio at variable fragment sizes is examined,
the larger the fragment, the higher the compression ratio. However, compression time
along with expenses of storing the bypass number in the code book increase parallel to
fragment size.

3. Provided the number of chosen bypasses is reduced and the size of fragments is
big enough, it is possible to obtain higher compression ratio at compression time
matching that of “snake” bypass. Hence, the proposed algorithm enables adjusting
compression efficiency.

4. Besides higher compression ratio the cascade fragmentation has the following
advantages: it enables displaying/downloading posterized images; display-
ing/downloading particular fragments with improved quality as required; editing pixels
of particular fragments without re-coding the whole image.
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