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A Canparative Study of Image Fusion
for Land Cover C lssification

WU M eng che, CHEN Kun shan

(L Insitiie of Space Science 2 Carter for Space and R en ote Sensing R eseards  CentulUniversits Taivan China)

Abstract Ther are womain topics to be discuss in this paper pixel level mage fusion based on Principl
ConponentAnalysis (PCA ), and feature level inage fision based on DempsterShafer evidence theory In
pixel level case  the SAR mage at HV polarization is relatvely sensitive © the vegetation canopy W e
canbined the HV po hrization infom ation fom SAR and speciral chamcteristic frum SPOT images in an eflort to
enhance land cover classification Before he fusion process wavelet transfom was first applied to denoise the
SAR mage which suffers frum speckk contam inatbn due to coherent pocess PCA method is then used b fuse
the SPOT and SAR images In doing so te PG-1 canponent is eplaced by SAR in age( approximation in age
aferwavelet transfom ) and then the nverse transfom is followed At lasé them axinum lkelihood chssifier
was used for both SPOT-XS m ages and fision mages In feature level case fully polarization mfomation from
SAR is used to cambine wih spectral characteristic fram SPOT images mamnl to enhance hnd ver
classificaton W e first denoise he SAR mage by Lee filter Next themaxmum likelihood classifier based on
different distrbutbn was used for SAR and SPOT images ( Based on W ishart distribution and m ultivariate
Gaussian distribution rtespectively ), 1o extmct the conditional pwobability of each pixel for each class
Dempster Shafer evidence theory is then applied to canbine the classified resulis of SAR and SPOT data
Expermental results show hat the classification accumcy is dranatically mpoved by making use of the
proposed me hods Data fision can take advantage of the use of camplan entary infomation to obtain a be tter
overall accuracy than using single data source only
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I INTRODUCTDN

Im age fusion is a pwocess dealng wih data and
nbmation fum multiple sources to achieve refined /
mpwove infomaton for decision making[l]. A general
definition of mage fusion is given as “ Inage fusion is

he canb nation of wo ormow different images to fom

anew inage by using a certain akoritm ”'?. age
fusion is perbmed at hwre diflerent processing levels
according to the stage atwhich the fusion takes place
(Fig 1).
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Fig 1

Inage fisbn is a ol to canbine mu ltisource
magery using advanced mage pwcessing techniques
of dispamte and

It ams at the negration

comp bmentary data to enhance the infomaton
apparent in he mages as well as to increase te
reliability of ntepretation This kads tomore accumte
datda’ and ncreased utilityH]. There ar wo main
topics in this suudy pixel bvel mage fusion and
feature kvel mage fusion In pixel level case bebre
the fusion process wavelet transfom was fist app lied
to denoise the SAR mage which suffers fran speck le
contam nation due to coherent pocess PCA method is

hen used to fuse he SPOT and SAR mages In so

Processing levels of m age fusion

doing thePC-1 canponent is eplaced by SAR mage
(approximatbn iage afler wavelet transfom ) and
then the inverse transforn is folbwed The maxmum
like ihood classifierwas used Hrboth SPOT XS mages
and fusion mages at the lastof the fusion process For
the feature level case Lee filler was first app lied to
denoise he SAR inage which suffers fium speckle
con tan inatbn due to coherent pwocess The maxmum
like lihood classifierwas used for both SAR and SPOT
b extract the conditional probabilily of each
class
theory[ s applied next to canbine the classified
results of SAR and SPOT data

mages

pixel for each Dempster Shafer evilence
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2 METHODOLOGY

2 1 Pixel level Image Fusion

As the prvious section mentioned about pixet
level mage fusion the different m ages to be fused can
cane fran different sensors of the sane basic type or
they may cane fron different types of sensors The
sensors used for mage fusion need to be accurately co
aligned so that their mages will be in spatial
In this canbined he

polarization infomatobn fiom SAR  and  spectral

registia tion sudy  we

characeristic fim SPOT m ages in an effort b enhance

/ PO.LSAR .HV Wavelet filter Appr_oximatior/
polarization image / 7 image

A 4

Image fusion by
PCA

Y

i SPOT image ;

land cover classification Before the fusion process
wavelet transfom was first applied to denoise the SAR

mage which suflers fun speck le contan ination due to

coherent pwcess PCA method is hen used to fuse the
SPOT and SAR images In so doing the fist
canponent(PG-1) fran the PCA is eplaced by SAR
image (approxination mage afterwavelet transfom )
and hen the inverse wansfom is follwed The
maxmum likelihood classifierwasused for both SPOF
XS images and fised mages The overall accuracy and
Fig 2
shows the woiking flowchart of pixet level image

kappa coefficient were evaluated at the last

fusion

Y
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Fig 2 Woiking flowchart of pixel level m age fusbn

2 2 Feature level Inage Fusbn

As shovn Fig 1 mages acquired over the same

site by different sensors are generally partially

edundant as they represent he same scene and

partialy  canpkmentary  since the sensors have

diflerent characteristics and physical interaction

mechanin s are different For many applications of
mage classificaton pwoblans the mfom atbn povided
by a single sensor is mcanpkte resulting in
m isc hssification Fusion w ih redundant data can help
reduce mprecision and fisbn with canplenen tary
data can pwovide a more canplete description In both
cases classificaton resulis should be better For he
feaure kvel cass Lee filer was fist applied b
denoise the SAR image which suffers fran speckle
contam nation due to coherent process The maximum

lkelhood classifier was used for boh SAR and SPOT

mages 1o extract the conditional pwobability of each

class
theoryISI is applied next (o canbine he classified
results of SAR and SPOT data Fig 3 shows the
wotk ng flow chart of feaure kvel mage fusion

pixel for each Dempster Shafer evience

3 EXPERMENTAL TEST RESULTS

31 TestData Sets Description

The fully polarmetric SAR (POISAR) data set
was acquired durng the 2000 Pacrim I1 can paign over
p hntation AuKu in western of Tawan. P I-C-band
polarmetric SAR data wewr collected and pwcessed
Gwund tuth woik was conducted when the data was
taken Fram the site suvey a total of seven classes to
be classified were detern ned Sea Sugarcane type A,
Sugawane type B Baresoil Grass
Rice The POLSAR mage(I=band) atHV polarization
The

reason why we do notuse C-band is that it has shorter

Building and

is relatively sensitve b the vegetation canopy.
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First data set
(POLSAR)

Supervised classification
(Maximum likelihood
classifier)

Conditional
probability for
each pixel

Second data set
(SPOT)

Supervised classification
(Maximum likelihood
classifier)

Conditional
probability for
each pixel

A

4

Compute the mass
function for each pixel

A

Dempster-Shafer
A theory

Combination
(Orthogonal sum)

A

y

i Classified image ;

wavelength and so it could notmeasure he structure of
vegetaton Therefors HV polarizationw ill be used as
the expermental test area in p kel level image fusion
POLSAR L:band data is used Hr feaure level mage
fusion The optical mage which acquired by SFOT 4
was taken the sane test ara as FOLSAR test mage
(Fig 4).

3 2 Classification Results of Pixellevel Image

Fusin

Afier the fusion pwcess maxmum likelihood
classifer has been applied for bohh SPOT and fusion
data Fig 5 shows the fisbn mage Fig 6 shows the
classifed wsults Hr boh fusbn mage and SPOT
mage Tabk 1 and table 2 show the error matrk for
both classified results The overall accuracy and kappa
coefficient for SPOT classified result are 79.05% and
71.62% respectivel. For fused image classified
results are 97.51% and 96. 5790 tespectively.

(b)

Fig.4 (a) POLSAR data; R:HH, G:HV, B:VV; (b) SPOT data: R:Band 2, G:Band 3, B:Band 1; (¢) Ground truth data



582

10

Fig.5 Fused image

Sugar-cane A

Sugar-canc B

Bare soil

Rice

Grass

Sea

Fig.6 (a) Classified result of fusion image; (b) Classified result of SPOT image; (c) Color table of each class

3 3 Classification Results of Feature level Image

Fusion

By folbwing theworking flow chart of feature level
inage fusion(Fig 2), we classified those data sets by
maxmum likelhood classifier
W ishart d istribu tion for POLSAR data and multivariate
G aussian distribu tion for SPOT data Fig 7 shows the

based on canplex

classified results for boh POLSAR and SPOT data
Fig 8 shows the fusion result Tabk 3 shows the eror
matrix for POLSAR classified esult and fusion result
Tabk 4 shows the erormatrix for SFOT and fusion
result Tabk 5 shows fusion result for btal seven
classes Fran the eror matrix we can canpute the
as shown n

overall accuracy and kappa coefficient

table @
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Table1l Error matri for SPOT chssified result
Ground twmth
C lssification Totl
Sugarcane A Sugarcane B G rass Rice Bare il Sea
Sugarcane A 3751 18 507 8 11 0 4295
Sugarcane B 0 727 3 0 3 0 733
G rass 971 0 987 8 24 7 1997
Rice 0 0 0 262 0 0 262
Bare soil 0 10 0 4“4 1279 583 1916
Sea 0 0 0 0 4 1300 1304
Total 472 755 1497 32 1321 1890 10507
Table 2 Ermormatrix for fusion inage chssified result
C lssification G round tuh Totl
Sugarcane A Sugarcane B G rass Rice Bare il Sea

Sugarcane A 4628 7 12 0 14 0 4661
Sugarcane B A 748 0 0 0 0 842
G rass 0 0 1485 0 0 41 1353
Rice 0 0 0 242 0 0 242
Bare soil 0 0 0 &0 1298 5 1383
Sea 0 0 0 0 4 1844 1844
Total 472 75 1497 32 1321 1890 10507

a)

Fig.7

(h)

(a) POLSAR classified result; (b) SPOT classified result

Fig.8

Fusion result

Sugar-cane A
Sugar-cane B
Bare soil
Building
Grass
Rice
Sea
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Table3 (a) Errormatrix for POLSAR classified resulf (b) Errormatrix for fusion result
(a)

C hssification

Ground truth Totl
Sugarcane A Sugarcane B G rass Buiding Bare il Sea
Sugarcane A 4716 6 0 0 0 0 4722
Sugarcane B 155 290 30 0 280 0 755
G rass 55 424 1009 0 9 0 1497
Build ng 132 0 0 498 0 0 630
Bare soil 35 531 254 0 501 0 1321
Sea 0 1 2 0 2 1885 1890
Total 5093 1252 1295 498 792 1885 10815
(b)
C lssification
G round truth Towl
Sugarcane A Sugarcane B G rass Buiding Bare il Sea
Sugarcane A 472 0 0 0 0 0 4722
Sugarcane B 10 728 4 0 13 0 755
G rass 272 2 1223 0 0 0 1497
Build ng 8 0 0 54 0 0 630
Bare soil 10 2 13 0 1296 0 1321
Sea 0 0 0 0 25 1865 1890
Total 5100 732 1240 54 1334 1865 10815

Table4 (a) Error matri for SPOT chssified resulf (b) Errorm atrix for fusion result
(a)

C hssification

G round truth Towal
Sugarcane A Sugarcane B G rass Rice Bare soil Sea
Sugarcane A 3751 0 971 0 0 0 4722
Sugarcane B 18 727 0 0 10 0 755
G rass 507 3 987 0 0 0 1497
Rice 8 0 8 262 44 0 322
Bare soil 11 3 24 0 1279 4 1321
Sea 0 0 7 0 583 1300 1890
Total 429 733 1997 262 1916 1304 10507
(b)
C hssification
Ground truth Totl
Sugarcane A Sugarcane B G rass Rice Bare soil Sea
Sugarcane A 472 0 0 0 0 0 4722
Sugarcane B 10 728 4 0 13 0 755
G rass 272 2 1223 0 0 0 1497
Rice 0 0 18 254 50 0 322
Bare soil 10 2 13 0 1296 0 1321
Sea 0 0 0 0 25 1865 1890

Total 5014 732 1258 254 1384 1865 10507
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Table5 Error matrix for fusion resulf seven classes)

C hssified( resul)

G round tm th Total
Sugarcane A Sugarcane B G rass R ice Bare wil Sea Building
Sugarcane A 4722 0 0 0 0 0 0 4722
Sugarcane B 10 728 4 0 13 0 0 755
G rass 272 2 1223 0 0 0 0 1497
Rice 0 0 18 254 50 0 0 322
Bare soil 10 2 13 0 1296 0 0 1321
Sea 0 0 0 0 25 1865 0 1890
Buiding 86 0 0 0 0 0 544 630
Total 5100 732 1258 254 1384 1865 544 11137

Table 6 Overall accuracy and kappa coefficient for
each of chssified and fusion result

Result Overall accuracy £4  Kappa coefficient 4

POLSAR classified result 82 28 73 65
Fusion result

(S chsses rice not 95. 96 94 43

inclided)

SPOT classified result 79. 05 71 62
Fusion result

(Six chsses building 96. 01 94 41
not inclided)

Fusion result 95. 47 01 %

( Seven classes)

4 CONCIUSDN

In pixel level fusion case the classified result
shows that grass and sugar cane A coull not be
classified poperly W hen a single pohrization (HV
he vegetation
added to the SPOT data by princple
successfully  solved te

confusion problen in the orginal data Overall

polarizaton  welatively sensitive to
canopy )

canponent analysis it
accuracy and kappa coefficient show s the evidence In
feaure Ekvel fusion case when we classify boh data
sets ( POLSAR and SPOT data) individually e

classified results show the confusion pwblem for both of

data sets as the problen occured i pixel level fusion
case W hen wo data sets canbined together by using
it also solved the

confusion pwoblen. Another advan tage of feature level

Dempster Shafer evidence theory

mage fusion is its ability o deal with ignorance and
m issing infomation The last level decision kvel has
not been mplemented It shoull take no account for

future sudy
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