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Image Classification Using Modified Anisotropic Diffusion Restoration

Sang-Hoon Lee
Department of Industrial Engineering, Kyungwon University

Abstract : This study proposed a modified anisotropic diffusion restoration for image classification.
The anisotropic diffusion restoration uses a probabilistic model based on Markov random field, which
represents geographical connectedness existing in many remotely sensed images, and restores them

through an iterative diffusion processing. In every iteration, the bonding-strength coefficient associated

with the spatial connectedness is adaptively estimated as a function of brightness gradient. The gradient
function involves a constant called “temperature”, which determines the amount of discontinuity and is
continuously decreased in the iterations. In this study, the proposed method has been extensively evaluated
using simulated images that were generated from various patterns. These patterns represent the types of
natural and artificial land-use. The simulated images were restored by the modified anisotropic diffusion
technique, and then classified by a multistage hierarchical clustering classification. The classification
results were compared to them of the non-restored simulation images. The restoration with an appropriate
temperature considerably reduces error in classification, especially for noisy images. This study made
experiments on the satellite images remotely sensed on the Korean peninsula. The experimental results

show that the proposed approach is also very effective on image classification in remote sensing.

Key Words : Image Restoration, Image Classification, Anisotropic Diffusion, Remote Sensing, Markov

random field.
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Pattem B

Fig. 1. Image Pattem representing natural land-use.
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Fig. 2. Classification error in percentage when using various
Kgs in MAID for single band images simulated from
Pattern A with different SNRs.
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Fig. 2. Classification etror in percentage when using various

Kos in MAID for single band images simulated from
Pattern A with different SNRs.

259 7% MAIDD A& &7/ 2/&S SNR
= 0204 259%¢ll4 387%2, SNR = 03304
114%9NA4 19%, SNR = 05914 3.64%0) 4]
094%= st ZAAnZ o, Hg BY Aee
SNR = 02914 336%0 4] 107%Z, SNR = 033
NA 183%NA 525%, SNR = 0594 762%9
A 291%2 He A AT Tables 29 30 A]

Image Classification Using Modified Anisotropic Diffusion Restoration

Table 1. Classification error in percentage when using
various Kps with {x in MAID for 3 band images
simulated from Pattemn A and B with different SNRs.

Error(%)
SNR Ko
Pattern A Pattern B
No Diffusion 259 336
2000 25.7 316
4000 10.3 197
6000 6.95 15.7
8000 577 14.1
0.2 10000 493 12.1
12000 428 11.5
14000 4.03 10.7
16000 3.87 115
18000 4.13 12.2
20000 4.80 112
No Diffusion 114 18.3
500 8.43 127
1000 5.19 9.00
1500 3.19 6.20
2000 2.49 6.04
0.33 2500 2.26 5.25
3000 1.90 543
3500 247 5.50
4000 2.13 6.17
4500 237 6.01
5000 251 6.40
No Diffusion 3.64 7.62
200 2.65 5.27
400 1.58 4.26
600 1.49 3.55
800 1.10 3.07
0.5 1000 0.99 3.05
1200 1.03 291
1400 0.94 3.62
1600 1.09 3.31
1800 1.16 3.62
2000 1.24 3.84
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MAID-recovered Image

Simulated Image

No Diffusion(Error: 25.9%) MAID(Error: 3.87%)
Fig. 4. Classification results of 3 band simulated images of Pattern A with SNR = 0.2 (K = 1000 and ¢k = 2.0 for MAID).

Sim

vﬁ’iw i A Gl
No Diffusion(Error: 25.9%) MAID(Error: 1.54%)
Fig. 5. Classification results of single band simulated images of Pattern B with SNR = 1.0 (Kp = 1000 and {x = 2.0 for MAID).
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Fig. 6. Classification results of single band images simulated from Pattern C(top), D(middie), and E(bottom) with SNR = 1.0 (Ko =
1000 and {k = 2.0 for MAID).

Table 2. Classification error in percentage when using various Table 3. Classification error in percentage when using various

Kos with {ie= 2.0 in MAID for single band images. Kos with (= 2.0 in MAID for 3 band images.
Ky| No Ko| No
Pattern SNR Diffusion 100 1000 10000 Pattern SNR Diffusion 100 1000 10000

A 2.0 043 0.10 0.36 291 A 1.0 0.44 0.36 0.79 2.67
B 20 1.20 0.39 1.06 8.18 B 1.0 1.29 1.02 271 7.21
C 05 383 36.7 579 7.35 c 0.2 332 29.8 304 8.26

1.0 232 2.88 191 6.02 0.5 5.87 441 2.61 7.16
b 0.5 514 474 16.7 152 D 02 49.0 510 44.6 23.1

1.0 35.6 8.57 3.86 103 05 16.7 15.0 571 13.6
B 0.5 234 19.7 5.99 6.08

1.0 13.1 142 0.48 447
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Fig. 7. Classification results of LANDSAT ETM+ (3 band: green, red, NIR) observed from Yongin/Knungpyung area with 4

classes (Kp = 2500 and {x = 2.0 for MAID).

No Diffusion
Fig. 8. Classification results of the rectangular area n the observation image of Fig. 7.
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brvtlon No Diffusion
Fig. 9. Classification resuits of IKONOS panchromatic image observed from Gangnam area with 4 classes (Ky = 50 and {x= 2.0
for MAID).
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