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Digital lmage Processing for Meteorogical Satellites
l,nteract Aproach

Numeriika obrada meteoroloskih satelitskih slika
proiekt lnteract

BOJAN LIPOVSCAK., tNTEBACT, Hyderabad - tndia

Abstract: This arti,cle s.hows the .approach to the dig,ital ,immage processi:ftg of
1!Fos - N/NOAA sater,ire data whibh rs aeveroped fid;,. ih; iiliriiacr ,project.The theme of rthe discussio'n 'is the rp,robl,em of automati,c oloud classi,]li,oation
frcnr 

. the high resol,ution AVHRR dati. the argo.rythm toi Jiori ciassiiicntion
based on ,mrultiva{:ite no,rmal den,s,lty as decirslion" +unciion i, prorpo."a.
classifier .learni'ng phase 'is conne6ted with use o'f tfaininsJ 'sampie-aata ilrorn
wh'iclr the moments {or normal densi,ty fu.nction are ca.lculate"d. T.he decision area
for tlre c'lassif.ication 

'is defi,n.ed by rneans of parameters lmean and covariances).
The class'ification is perf,ormed uiing the Byes maxi.mu'm l,ilkelyhooci rruie.
K e y wo r d s : clou,d clas,sification, me,teoroloEical satellites, patern recogniti,on.

saZetak: _.u_-r9du je prikazan pristup obradi ,satelitski,h meteorol.oikih ,podataka
satelita , TlFos_-.N/NoAA koji 

. 
je |azvijen olcvi,ro;m rprorieikta INTERAc'f u Hyder-

abad.u, lndija. Diskuti,rana, je ,problematika vezana uz kla,sifikaoij,u oblaka iz visoko
rezolu'tn'ih AVHRR po'dataka. 'PredloZe,n je algonitam za ,ktasifikacij'u oblaka bazi.ra,n
na vrS.edimenzionalnoj norrmalnoj f unl<cij,i gusioie vjerojatno.sti (jednadZbe ( 1 ). kao
lunz'ciji odluke. udenje 'klasifi'katora provodi se 'na sku.pu ,trening. podataka izl(ojih.6e radunaju moment'i funkcije Eustoce. Na taj nadin ,odrede,ni ,momenti
l sre!njaci i matrica kovarijanoi ) def i'r'riraj,u prostor donoSenja odlu,ke pril'i,ko,m
l<lasi'fil<acije. l(lasifikacija se v:"5i pri.mjenom Baesova pravila .pri'h,cri'pom maksimalne
vjeiojatnosti (jednadibe (2),i (3).
i(.|.j udne ,rijeci: Klasifikacija oblaka, rneteoroloski rsate'lriti,,raspoznavanle
ob!aka

i. INTRODUCTION

The use ,of meteorological data for very short
range weather forecasting (nowcasting) is connect-
ed with the need for a high number of cla,ssical
meteorological ,inforrnation o,btained froni a rret-
urork of manned and automatic nreteorological
stations, ra.dar data and meteor.ological satellite
data. Accuracy of infor,mation and analysis of me.
so scale systems is connected with well developed
telecomunication network, e. g. telephones, telexes
and radio conections.

The u'se of satellite ,platforms for remote sensing
enables us t,o receive .infor,mations from the ,pla-
ces which would not be accessible for us if using
normal instruments in in-situ mode. Additionally,' the satelli'te cl'oud images provide the informat,ion
on cloud top temperature. The problem of recep-

"-"r.r"tt rt+ilaftion: llyd'rom,e,teonorlog'ical in.stitute Zag-
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tion and analysis of high resolution satellte data
condition,s the ,purchase of expensive receiving har-
dware and software. Non-developed countries have
no possibility of receivi,ng the raw digital satell,i te
data, their fast processing and dissimination to
the users. The processing software for the digital
satellite data analysis is equally expensive as re-
ceiving station ha,rdware.

With the INTERACT project which is developing
in lndia under the sponsorship of UNFSST, UNDp
and Govt. of lndia the processing software fo,r the
cligital satellite data is getti,ng developed and will
be given free of char3e to the countrles participa-
ting .in the ,project. The aim of the project is ihe
development of the software package which will
be able to anluze the high resolution satellite da-
ta, to reduce the amou,n,t of data tak,ing care of
the nrain meteoroogical features ancj dilseminate
the data to the users. ln its basic concepti,on the
software is rnade for the digital image processing
for TIROS-N/NOAA seres sareilit"J aVfinB du-
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ta (Gupta et all 1983).

2..|. Review of cloud classification

Since the appearance of first satellite picture the-
re have been many attempts to classify the cloud
pictures. The first classification attempt,s were ba-
sed on the use of visible channel information ICo-
nover (1962), Anderson (1966), Kondratjev
(1966)]. The methods used were manual, based
on difference in reflecta,nce, shape and texture of
cloud element,s on the sa'tellite picture. U,se of
inf rared ( lR ) cloud imagery enables the more
sophiticated methods fo,r cloud classificatio'n. The
first attem,pt for a computer based cla,ssification
is found in Barens and Chang ( 1969). They found
out that it was possible to make a cloud classifier
on the basis ,of mult.ichannel measurements. Gra-
ves and Chang (1970) used statis't,ical method and
classified five cloud categories on the basi,s of
O.2-O.4, 6.4-6.9, and i0.0-]1.0 micrometer
satellite data. Lo and Johnson (1971) used biva-
riate frequency dist,ributio'n fo,r classifying clouds
from n,imbus-2 MRIR 10.0-11.0, 6.4-6.9 micro-
rneter data. Shen'k's (1976) ,method i,s based on
thresholding of satellite measurements and histo-
gram seperation of data. Raynold:s ,1977) used bi-
spectral method for dynamical classif ication of
meso scale clouds based on the difference between
t.ime in a series of satellite pictures over one area.
Raynoids et ail ( i978) cievelopeci a scheme for
differen,t cloud type seperation based on visible
and lR data. Parikh and Rosenfeld ( 1978) propo,
sed a cloud classification scheme which resolved
the ambiguities in lR cloud imagery by a compa-
nis'on of textural measures of known and unknown
cloud segments. Parikh et all (1980) developed a

scheme for cloud classification based on lR measu-
rement data of .SMS-I satelilte data. Liljas ( l98l )
employed a box like thresholding function based
on th,ree channel NOAA-imagery. Des,bois et all
( i 982 ) used clustering method for classificatio,n
of three channel METEOSAT data, they treated
la,nd and sea as one cla,ss and i'dentified five types
of clouds. The major problem of this method is
identification of clusters corres,ponding to diffe-
rent cloud types.

Under the INTERACT project a statisticaly based
cloud ciassifier is des,ig,ns6 and developed, Lipov-
5iak ( 1983), Mehtre (1984), r,vich use the multi-
variate normal di,stribution fu.nction as d,i,scrimi-
nat function and supervised learning of trai,ning
parameters.

2. SYSTEM DESIGN: INTERACT APPROACH

The NOAA 6, 7 and 8 dara received by the
NRSA (National Remote Sensing Agency) at Hyde-
r.alcad India, are stored on magnetic ta.pes an.d
delivered to the users. The u,se of tapes is con-
nected with the use of software for interp.retation
and formati,on of data base which has bee,n clas-
sified i'nto three units:
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- 
preprocess,ing software;

- 
system software;

- 
advanced softwa,re.

All the three units are linked together by the ap-
plication programmer.

2.1. The preprocessing software

Stellite data on CCT-s (co,mputer com'patible ta-
pes ) are decoded and reformated for data base
and then corrected. The ta,pe format,s are standard
and hence the same programs ca'n be used for
future NOAA satellite data. With little modificati-
on the softwa,re could be used for data received
in other earth stations.

The satellite dependent parameiers are kept in
a separaie file and these can be changed / updated.
Thus it i's expected that the software will be flexi-
ble enouEh to be used for all polar orbiting satel-
lites. The main pa,rts of the preprocessing soft-
ware are:

- 
calibration;

- 
geometric corrections;

- 
earth rotation correcti'ons;

- 
earth location.

2.2. System software

The system software is divided in two parts:

- data base,
nrachine interfece.

The structure of these prograixs depends or.r tlre
system and contains all possible system orier.rted
routines and functions.

2.3. Advanced modules

Tlre advanced module proErams are operated on
tlre calibrated and corrected data. This part conta-
ins tlre programs for enhancement of the meteo-
rological features seen in the,pict.ure, pattern re-
cognitlon applicati'ons, cloud classification and
temperature fields calculation.

3. CLOUD CLASSIFICATION

Cloud classification ba,sed on digital satellite
data and pattern recognition is a computer orien-
ted method'ology, permitting ra,pid and repeatable
analysis. The bases of patter,n ,recognition metho-
doJogy have been discus'sed by Mendel a,nd Fu
(1970), Meisel (1972), Fu (1978), Swain ( t97B),
Deekshatul'u (1982). The metel,uological applica-
tion in analysis of satellite cloud imagery and
pattern recognition probem is connected with the
determination of different clo,ud types acoo,rding
to rem,ote sensing measu,rements in,infrared (lR),
near inJrared (NlR), and in visi,ble (VlS) spectral
i,n ton,a ls.

-[he different type of cloud,s and other surface
features have different albedos in visible and near
infrared, arrd their thermody.namc temperature
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gets reflected in infrarecl data WMO (1979). lt
makes possible the construction of the automatic
calssifiers using mult'ispectral data. The ma.in
ta,sk of the classifier is the recognition of d,ifferent
cloucl ty,pes and their display on the v,ideo or hard
copy terminals.

The scheme of the m,odel of a cloud classifier is
shown in figu,re I .
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Ftigtrne 1' Mo'del of a c,lotrd classirfier.

l-i;G:i i iii'..i rn

g, (X):p(Xlu') p(co'1 (2)

where p (r,.r; ) 'is the a,prio'ri probalrility of class i

ancl p (Xfc't,1 the probability den,sity fu'nction as.
sociated with the measurement vector X.

Equation ( 1) with (2) becomes easy to use for
ihe computor inrplementation in the form shown
;^ ^^,,^!:^^ 1t\.
"r rYUo(tvrl \a/.

g'(X) : iog p(ar')-i/zlog lz,i-
-1/z(x-1-t,) 

t),r x-?,) (3)

When the moments of dist'ri,but'ion a,re compu-
ted (mean and covariance matrix). from the set
of training data, only the r,ightmost term of equ-
aiion (3) must be com'puted for every classifica-
tion step. ,Aprior.i probability of class i appearance
can be set equal to I for the first classification
period performi'ng to d'ifferent seasons. After a

certain periocl of !i,me aprio,ri probability is com-
puted, ,set to the com.p,uted value and it p,resents
the ponder of the classifier.

l-he use of the discriminant function (3 ) is
connected io the learn,ing of the classifier. This
term means the determination of statistical mo-
ments of rlultivar.iate normal probability function
for all possible cla,sses of occurences which sho-
uld be cla.ssified. From the set of training data
which conta,ins the known classes .it is necessary
to compute the mean and cova,riance ,mat,r;ix for
every c!ass and channel. Thus defined moments
present the d,iscrimina,nt function for every event.
The class,ificat'ion is made acconding to the classi-
fication rule in a way that the probability for
every pixel is com,puted. The pixel lis put in the
class where the probability ha,s the maximum
value. The scheme of clasificati,on,p.rocedure is
shown in fi,gure 3.

The basic comrponent,s of the classificatio,n soft_
ware are:

- pnogra,ms for statist,ic parameters extraction
{ro'm the trainin,g data set;

ri lv!l:iTi. r . t

Figu're 2. Scheme of a olassif:ier:
Sli'ka 2. Shema kl,ais,if,i,katora

Presume that the pro,bability o,f appeararrce cf
one cloud type in one channel' mea,suiements can
be. approxirnated by the normal (Gaussian) pro-
bability. density function. We have in d,isposition
three channels and the th,ree-dimensional normal
density functi,on can be u,secj. The ndimensional
multivariate normal density function can be writ-
ten as:

I
P (Xfat,) = .---

QrIT"tz l2,l'/,
exp [_- 1/z(X-p,)?.x,-' ( {-7"rr ) 1

-Xt

-X;\X;

Sensor is the satellite VlS, lR, and NIR scanne,r,
the val.ues xl , x2 and x3 are the value,s of the
three different channels (out of total 5 spectral
channels ) of the sco,nner. The values of x are
different for different cloud types. Liljas (l98l )
suposes f ixed boundar,ies between cloud classes
and divides the measurment space ,into B decision
regions. l,n th'is way the problem of overlapping
the patterns belonging to the classes of inieresi
is not solved.

The 'process of actual constructiing the classif,ier
is conceptually rather si,mple. Formally the follo,
rving classification rule must be respecied:

Suppose we can find a set of m furrctions of X,
S (X) which we call disc,rriminanr functions,
let a, denote the ,i-th class. Decide that X be-
longs to class ar, rif and only if discr,iminant fun-
ction gr (X) is greater or equal to gj (X) for
all classes J=,l....m.
The scheme of the classification rule is shown

on figure 2.

o f xlr,_-_- i?'"' i,.:rl-i/\: g(r:)- Rrs'tjLT

$l[ka 1. Model iklas'i,firkatora ob,larka.

discri.mi,na,nt function as:

where X is the data vector, pi mean vector for
class i, )i covariiance matrix for class i, I/ Ludol-
ph's number. lX'l is the determinant of the cova-
riance matrix and X'r is the inverse of Xr, ( x-
- 

p;)t is the t,ran'sponse of the vector ( X 
- 

p, ).
Acccrding to the clefinrition of classif,ication rule
and using the o,pti,rnal decision rule wh,ich mini-
nr ize the average lcss ( Byes ru le ) we def ine the

Clossifier RESULT

(t )
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program for the clouds and underlaying sur-
face classification;
programs for presentati,on of class'ified picture
on video or hand copy terminals.

I TRA|N|NG DArA 
Ili

I 9l:': ' crcs12 _ cll'_._! 
I
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PredloZena je upot'reba viSedimenzionalne nor-
malne funkcije gustoie kao fun,kciie diskriminaci-
ie za klasifikaciju oblaka, ( jednadZba l). Upotre-
bom Byes'ovog pravila koie minimizira srednii
gubitak pogreS'ne klasifi,kacile ( jednadiba 2), fvn-
kcila diskriminacije medu klasama poprima oblik
prikazan jednadZbom 3.

ViSe dimenzionalna normlana funkciia gusioie
definirana je vekt,orom srednjaka i matricom ko-
varijanci. Odredivanjem nromenata razdiobe odre-
ciuju se fur-rkcije disk'riminacije za poledine klase.
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Kratkoro6na ,progn.oza vremena ( nowcasting )

povezana ie ,s potrebonl za vrlo destim meteoro-
lo5kim osmat,raniima s Euste mreie meteoroloS-
kih ,stanica. Upotreba meteoroloSkih satelita omo-
guiuie neprekidno ,praienie vremena nad velikim
prostranstvima Zemlje. Okvirom,proiekta INTER-
ACT razvijena ie ,programska 

'podrSka za priiem i

obradu visoko rezolutnih AVHRR satelitskih po'
dataka satelita serije TIROS-NINOAA.
Prggramska podrlka za obradu podataka sastoji
se ,od tri osnovna dijela:

programi za prel.iminarnu obradu,
sistems,k.i programi,
apl ikaci'on'i programi.
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CLASSI FI ER CLASSIFIED
PICTURE


