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Unsupervised Image Classification Using Spatial Region Growing
Segmentation and Hierarchical Clustering

Sang-Hoon Lee

Dept. of Industrial Engineering, Kyungwon University

Abstract : This study proposes a image processing system of unsupervised analysis. This system
integrates low-level segmentation and high-level classification. The segmentation and classification are
conducted respectively with and without spatial constraints on merging by a hierarchical clustering
procedure. The clustering utihzes the local motually closest neighbors and multi-window operation of a
pyramid-like structure. The proposed system has been evaluated using simulated images and applied for
the LANDSAT ETM+ image collected from Youngin-Nungpyung area on the Korean Peninsula,

Key Words : image segmentalion, image classification, unsupervised analysis, hierarchical clustering,

multi-window operation
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Fig. 1. Multi-stage image classification
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Fig. 2. Image patterns for evaluation of image segmentation.
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Table 1. Results of MSE grror 0f Image Segmentation for Simulated Noisy Images
Pattern A Pattem B

SNR 1 Band 3 Bands 5 Bands 10 Bands SNR 1 Band

0.5 074 034 0.26 0.19 1.0 0.50

1.0 0.38 015 0.11 0.08 20 0.18

1.5 0.21 0.08 0.06 0.04 30 0.09

2.0 0.13 0.06 0.04 0.03 40 0.05
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(a)

SNR =05 T MSE, =034

"MSEor = 0. 06

Fig. 3. 3band simulated noisy images (enlarged sub-images) (a) and segmented intensity images {b) of Paftem A
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AR 71FoR 48 e #lov g 4 oA Hejzs AXF GAETS A4 CPU A
el BEB70l A 4L ASE UEN FADS ¥4 9 A/MBE 57 E71e
AR WosT Had AANEE ddME kel dEHOET wdse ZokstT Aok oleld
o] Zol Fotof ditks A F IS AUtk A3 G Azl wet AL o] e R
Tahle 2% 512X512 379 GUMT JAA T Frheke AZHEAA 7IEE o AAA
= sk FAAGBA AR oEd AA Y2 ot 745 GAEHE Hdd 283
Aol M ok Fxe o i W CPU OB AME F UdeS HoFy vk
AMEA|7h} MSEep,r 3HE i&hu_ At F7HA Uel22 YoM AMEE RORFYY} ARE
AP GULEABAN 2Alde BERE NG LT F VL GRE LAAT
A A5 CPU AMRAIE 838 Z4d MHCCo| th3 4§ & kv o dgelMe +
Y QRSES U 72 W S0l F oldl 2o g4E FuY HEel AT Yk 2
of YA AT thF FIY A9 dae] 9 QAHES FHE F F % o
oA 2x32:2719) F& Atdsted 944 49 g 2 BERE skd oy v EEH EREA
79 IE 2o tie) AL ST Tabke 3 OFE EHERT Tabie 40 HojA= 2749
Table 2. Comparisons of Computational Time for Segmentation of Single-band 512 x 512 Imagery with
Different Levels of Hierarchicat Structure in Multi-window Operation.
Level Base-window Size CPU Time(sec) MSEerror
3 1616 12.85 0.20
4 32x32 12.28 0.20
3 04 X 64 13.88 0.19
2 128 %128 2494 0.20
l 250X 256 76.70 (.20
0 512x512 365.72 (.20
Table 3. Comparisons of Compuiational Time of Image Segmentation with Base-windows of 32 x 32 in Bottom
Level of Higrarchical Structure.
1 Band Image 1024 X 1024 Image
Size CPU Time(sec) Number of Band CPU Time(sec)
S512%512 12.28 3 67.96
1024 x 1024 56.32 5 83.14
2048 x 2048 25547 10 169.05
Table 4. Comparisons of Classification Error in Parcent (The estimated number of classes is shown in
parenthesis when it is not equal to the true ong}.
Pattern A Pawemn B
SNR | Band 3 Bands 5 Bands 10 Bands SNR | Band
0.5 52.80(2) 747 369 2.04 1.0 20,63
1.0 13.73 1.66 0.77 0.31 20 2.65
20 1.30 0.19 0.07 0.01 30 0.64
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Segménted Image

Bands 14243

- Barids 4+5

Barids 6+7

Fig. 4. Gray-scaled LANDSAT ETM+ 7 band image of Yongin-Nungpyung area observed at September 4, 2000 and its
segmentation results, remotely-sensed (upper) and segmented (lower) images of sub-region with histogram equalization.
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Fig. 6. Classified images with 3 classes using MHCC and 1ISODATA classifier.
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Fig. 7. Estimated mean intensities of 3 classes using MHCC and ISODATA classifier.
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