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ABSTRACT:K-means alaorithm was used to classifr 3

kd

cloﬁd—tvoe,tha{ is Lowsmix and cumulonimbus.Initial

cluster centers and K parameter

is aiven in this pPa—

ser by coarse computine and Fisher’'s alzovithm.

Results

and mix cloud

1. INTRODUCTION

Cloud—-tryee classification is an important

component of meteorolosical and hrdroloai-

cal prosrams which reauire estimates of par—

ameters such as sotar radiation,rainfall,

moisture and sea-surface tempervature. One

advantase of the satellite imases is that

it covers abroad ranse of scales in time and
space.[4]

The contribution of the research described
in this parer

is that a method is developed

for incorporatine sesment features into au—
tomatic cloud-classification procedures

The basic scheme is outlined in Fis, 1,

The alsorithm consists of two Fartssthe ses—
amentation and the classification.

The sesmentation

is described in Section 2

[11L3] and the classification is described
in Section 3.0[5)(6] The results of testins -
the alaorithm on a sample set of 44 infrared

GMS(aeostationary meteorolosical satetlite)-3

9

indicate that performance

index is minimized

is well classified.

cloud windows are presented In Section 4.

Bs conclusion in Section S, C23,directions

for future research are considered
2. SEGMENTATION

It was indicated a need for sesmentation
prior to the feature extraction process by
Parikh and Rosenfeld.[1l1]

This alsorithm clusters ordered sets of
data roints as arar—level walues by freau—
ence of occurrence and minimizes perform—
ance index which is defined as the sum of
the sauared distance from all points within

the cluster to the cluster center
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The procedure consists of the followins st-
eps.
sterl.Choose K initial cluster centers

MC1, 1), MCL, 2)5 5, ML, KD,
ster2. At the kth iterative step,distribute
the samples (x) amons the K cluster
domains, usins the followins relation
x € SCit,

TF Ix=MCIt DI < =M+, 1)

for all i,J=1,2,,,K, i#)
where SCit, J) denotes the set of samp-—
les whose cluster center is MCit, j).
stepr3.From the results of step2, compare the
new cluster centers MCit+l, i), i=1,2,,K,
such that the sum of the sauared dist-

ances from all points
new cluster center

in 3¢it, 3> to the

is minimized. that

is, the new cluster center MCit+l, §) is

computed so that the performance index

VARCHD = T lIx-MCit+1, D i=1,2,,, K —(2)
XES(ity)

Is minimized.

The MCit+1, i) which minimizes this per—

formance index is simply the sample

mean of S¢it, J).Therefore, the new clu-

ster center is siven by

MCit+1, J) =1/NCi) 22 x
x€SGt,5)
where NC(J) is the number of samples in
, SCit, D
stepd. If mCit+l, DHDaM(lL, ) for i=1,2,,,k

the procedure is terminated.otherwise
soto step2.

The behavior of the K-means alsorithm is in-

fluenced br the value of parameter K
and the cholice of initial cluster centers.
We detefmined the sesmentation rarameter

as K=10 by Flsher‘§ alsorithm. [5]

The most sisnificant difference between Fi-
sher alsorithm and other clusterins alsopr—

thms is that sloball» optimal partitions

e

srace

stace

stace 4
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of the data are obtained by dvnamic prosr—

ammins rrocedure, rather than Llocally opt-

imal rartition b» itervative optimization.

The w»alue of initial cluster centers are

computed br dividine total sample sets br K.

Because this alszorithm is derived from the

manner in which cluster centers are seauen—

tially updated, this is Locally optimal par-—

tition. Grar—level values b» freauenc” of

occurrence is presented in Fia.3. The result

for seomentation of GMS-3Z cloud C4 window is

presented in Mia. 4 and S.

Z. CLASSIFICATION

The alaorithm for sesmentation and class—

ification of infrared GMS-3 cloud window

is presented in Fis.2.
At the first stase of the alsorithm, all

samples of satellite imases in which the

maximum infrared readins is less than or

eaual *o 100 are classified as low clouds.
The seamentation procedure for a value of

K=10 is then applied to all other sameles.
At the second stase of the alsorithm, thre—
shold values are used to determine possible
cloud—-type within each of the remainins sam—

rles.
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Fig.2. Automatic clustering alosrithm



The third stase of the alsorithm is the
classification procedure.Samples for which
the maximum
and 150 were tested to determine if the»
contained cumulonimbus clouds

Samples for which the maximum infrared re-—
adins lar between 150 and 170 were classi-
fied as mix clouds which contained both
low cloud tvpes and cirrus cloud trpes.

The classification procedure classified
each window into one of three catesoriess
(D LOW-window containing only cumulus,st—

ratus and stratocumulus clouds

(2)MIX-windows containine cirrus and lower
clouds.

(3) CUMULONIMBUS-windows containine cumul—

onimbus and lower clouds.
The texture feature which was used to de-

termine the cloud—trpe catesory of the co-—
ldest could sesment in a window was edse
strensth per unit area.Edse strensth per
unit area E wasdefined as the averase va-
lue of the Roberts aradient over all points
within a siven area, (6]

For the classification procedure, the va-

lue of the Roberts Gradient at a point A

in a2 x 2 arrar Al B

cC|D

was arproximated by the auantity
maxt|a -~ ol [B - ¢|) ——mmmmee
At the fourth stase of the decision rro-
cedure, clusters were mersed toaether usins
3 temperature threshold value to determine
low cloud sesments and cirrus cloud ses—
ments. The cumulonimbus cloud sesment of
samples which were classified as cumulon-

imbus b» the classification erocedure con—

sisted of the coldest cluster.

infrared readins lar between 100

11

The low cloud seament was obstained b»
mer3sina tosether all clusters for which
the minimum infrared observation within
the cluster was less than or eaual to 100

Classification result of C4 window by K-
means and Fisher’s alsorithm is presented

~

in Fie.6 and. 7, respectivelr.

4. COMPUTER SIMULATION
The automatic clusterin® alsorithm was
tested on 44 sample sets of B8 infrared
windows of GMS—3 satellite imases.

The temporal resolution of the satellite

imases is 30 minutes and spatial resolut—
ton is 4x4 km.
The imase fixed seosraphical Locations

ransins from 15N to SSMN Latitude and from
100E to 140E lonsitude is consisted of 1434
%1078 resistered resolution.

The

imase dimension of 1434x1078 array is
computed by partition into 128x128 arravr
windows.Partition infrared imases Iinto 88
windows is shown in Fis.8.

Classification results for each windows

are shown in table 1.

TABLE 1.CLASSIFICATION RESULYT

K-MEAN (F TSHER)
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