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Parallel Processing of K-means Clustering Algorithm for Unsupervised
Classification of Large Satellite Imagery

st4-3|"

Han, Soohee

Abstract

The present study introduces a method to parallelize k-means clustering algorithm for fast unsupervised
classification of large satellite imagery. Known as a representative algorithm for unsupervised classification,
k-means clustering is usually applied to a preprocessing step before supervised classification, but can show the
evident advantages of parallel processing due to its high computational intensity and less human intervention.
Parallel processing codes are developed by using multi-threading based on OpenMP. In experiments, a PC of
8 multi-core integrated CPU is involved. A 7 band and 30m resolution image from LANDSAT 8 OLI and a 8
band and 10m resolution image from Sentinel-2A are tested. Parallel processing has shown 6 time faster speed
than sequential processing when using 10 classes. To check the consistency of parallel and sequential processing,
centers, numbers of classified pixels of classes, classified images are mutually compared, resulting in the same
results. The present study is meaningful because it has proved that performance of large satellite processing
can be significantly improved by using parallel processing. And it is also revealed that it easy to implement
parallel processing by using multi-threading based on OpenMP but it should be carefully designed to control the
occurrence of false sharing.
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Qlom, I A for loop &Foll #pragma omp parallel for -3

for (iter = 0 to nMaxIter) //iteration

for (j =
for (k =

for (i = 0 to nRow * nColumn) //for all pixels

0 to nClass) //for all classes

0 to nBand) //for all bands

¢ = EuclideanDist(p_Imageljllil, p_Centers[j][k])
p_Class[i] = argmin;(c) //classifying pixel i to class j to minimize ¢
if (isChanged(p_Classli])) nChanged++ //updating # of reclassified pixels
p_Members[p_Class[i]]++ //updating # of pixels in class j
update p_Centers[p_Class[il] //updating center of class j

if (nChanged < nThreshold) break //terminating condition

Fig. 1. Pseudo code of k-means clustering

for (iter = 0 to nMaxIter) //iteration

multi—thread

#pragma omp parallel for private(i, j, k, c) reduction(+:nChanged) //implementation of
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for (i

p_Class[i]

0 to nRow * nColumn) //for all pixels
for (j = 0 to nClass) //for all classes
for (k = 0 to nBand) //for all bands

¢ = EuclideanDist(p_Image[j][i], p_Centers[j][k])
argmin;(c) //classifying pixel i to class j to minimize ¢
if (isChanged(p_Class[i])) nChanged++ //updating # of reclassified pixels
p_Members[p_Class[il]++ //updating # of pixels in class j
update p_Centers[p_Class[i]] //updating center of class j

if (nChanged < nThreshold) break //terminating condition

Fig. 2. Implementation of multi-thread based on OpenMP
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for (i=0 to nClass) //for all classes
for (j=0 to nBand) //for all bands
p_Centers_locallil[j] = 0; //local class center
= 0; //local # of class members
for (n = 0 to nThread) //for all threads(cores)
p_Centers[il[j] += p_Centers_localln][il[j];
p_Members[i] += p_Members_localln][il;

p_Members_locall[i]

if (p_Membersl[i] !'= 0) //recalculation of class centers
p_Centers[il[j] = p_Centers[il[jl/p_Members[il;
else

p_Centerslil[j] = —1;

Fig. 4. Recalculation of class centers

Table 1. Specifications of satellite images

Sensor LANDSAT 8 OLI Sentinel 2A
Row 7841 30978
Column 7691 40980
Applied no. of bands 7(1,2,3,4,5,6,7) 8(2,3,4,5,6,7,8,8A)
Geometric resolution 30m 10m (5, 6, 7, 8A resampled)
Radiometric resolution 16bit 16bit
Image size 868.38MB 18.92GB
Table 2. Specifications of processing system
CPU AMD FX - 8150 eight cores @ 3.60GHz
RAM 32GB (DDR3)
HDD 512GB (7200rpm)
0S Windows server 2008
Compiler Visual studio 2010

Table 3. Parameters of k-means clustering

No. of classes(=k)

10

Max no. of iterations

100

Terminating condition

1.5% of pixels moved to different classes
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Table 4. Processing time of LANDSAT 8 OLI

Sequential processing

Parallel processing

Image input 1.37 sec
Classification 272.07 sec 45.93 sec
Result output 4.09 sec

Total 277.37 sec 51.39 sec

Table 5. Processing time of Sentinel-2A

Sequential processing

Parallel processing

Image input 228.81 sec 108.08 sec
Classification 11879.01 sec 1846.00 sec
Result output 102.69 sec 99.45 sec
Total 12210.51 sec 2053.53 sec
Table 6. Sample of class information of LANDSAT 8 OLI

class band center members class band center members
0 11572.87 18536730 0 10884.18 17020681
1 10617.72 18536730 1 9955.15 17020681
0 2 9088.32 18536730 1 2 9447.00 17020681
3 8316.74 18536730 3 8242.52 17020681
4 7906.71 18536730 4 18773.11 17020681
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class band center members class band center members
0 5 7157.54 18536730 | 5 11848.03 17020681
6 6789.57 18536730 6 8517.65 17020681
0 12010.57 5191841 0 12879.99 812003
1 11347.66 5191841 1 12518.95 812003
2 11012.07 5191841 2 1252742 812003
2 3 10640.80 5191841 3 3 12925.43 812003
4 17726.02 5191841 4 18672.48 812003
5 14637.83 5191841 5 18367.14 812003
6 11672.85 5191841 6 15553.45 812003
B o= =] ol | (7 s S
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Fig. 5. Results of LANDSAT 8 OLI: (left) classified results, (right) statistics of differential image(min=max=0)
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Fig. 6. Results of Sentinel-2A: (left) classified results, (right) statistics of differential image(min=max=0)
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