AN9Usra A TN laens 1 i snAg AT NIAR

UNANIBTNITIU L“’ﬁ‘ﬂ_lw 877N

ﬁmmﬁwuﬁ‘ﬁﬂumuuﬁwmmiﬁﬂmmwa’”ﬂqmﬂ?ﬁma&lﬁmﬂﬁmm@mumﬂmsﬁm
a1nA1aAIngsNliin npRaaAangsu Wiy
ANMYIAINIINANANT AWNAINIINUINENAY
tnnsAnen 2548
ISBN 974-53-2677-1

s

A1ANTIBIANIAINTUNMINENAE



REGION BASED IMAGE FUSION SCHEME USING DISCRETE WAVELET FRAME

Orapan Charoentam

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering program in Electrical Engineering
Department of Electrical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2005
ISBN 974-53-2677-1



- - j iy - ]
dadeinentinug  nastssarunimdsiuilnansdisudaminnida

(1] WNANIBINTIOU LATOYITH
8197911 amansaulnin

aransdiline  seamansansd ag.anne ARsudna

iy el L s L oy L -H
andAranssumant Pinaansalimningnds ayliR iiuanetdnudeiviiiugou

.J [ 24 s
nisansAnmANAng AsERY Y IR

T R R T

(AansIR7 7 Mg.Alen ANTAT)

ADLENTINITABLANEUN LS

.................. @4 “ql-—-** Ugzanunasums

(FDAANARTIFNTE MT.TNA LLCYANANA)

Ié panadiinen

EesstEEEEE R SRR ERRna

($94ARATIANTY AT.ANTTE ARLTULNA)

Nﬁ/_’ .................. NagunIe

(a1an3f mzanauie UaniTRAseaT)

a ar -x il ] e
(81917¢) AT.HNEUN LERNANHTA)



BINTTOL LATOYSTTY nrstlssaunmd@aiuilaenisldlsuAarsnavidn
(REGION BASED IMAGE FUSION SCHEME USING DISCRETE WAWVELET

FRAME) 21a13ttinm : seamnans1anst as.quany FMLWULNS, 161 Wi, ISBN
974-53-2677-1.

Anpfinudiinauensnidanislszaunnd@siuiitannts WalsuAarinadn
Faflunsndinisszaunmiifiaswmamusanisaaiaedeuluniszzivdinings Tay
imaulassuAaranvidnuidssynidiauiunissondays et ann AUANTAL
wsmunindeurenissasssdeaianidaasialinesidinislszarunnilacnu
panusan1snamAdedltin sl uaziesainnisaanaaRausesntstssiy
danmiduniseaarReuliszfuganin iqﬁum?ﬁmmﬂiﬂgmﬂuﬁ uflazinl¥ngsaas
nnrUszamunniimnattnatiiifanndy

e lunmmaassldinsainislsramnmitamueniwann esatunindny
AafeuuaENINaTe ainmnstiufinfoandasdunsnagu Thermovision@ A10 uazndas
CCD mudndy HaTlidhidadl fumnwﬁmmm#ﬂulu% unaunsdssiudn wdanudn
AetussslumalfiRuauaes fifufalsgingnmeenssdanstszaiunmiinave
Fan1saauanssnusetiyuifangans dieeaannmdunaaitiun dunmauinanag
Tuinesdsiniudedineiannszurlinistifinnanuasiananlssiusan il
musandan TanduneuaslumstssimdrmwiiamamEn Has dumedafioguuitugm
apenfinuELIAg AnHanasmeaeskaas N AN sUszaun A RN Ty
wniiilssAnEnmludnupanuamusanisas aeaeu N Ussiud W ldEndnesaaE

. -J ) i
msdszarunamdieu qRadhunatienidnenangalunisvinug e

neaen __ Argngsuinia ﬂﬂﬂﬁ-ﬁﬂﬂﬁﬂ BIWTIOL V4T UTETH

- - d eud
a1 adanzan i auiafeaisdmling




#Ht 4670744421 : MAJOR ELECTRICAL ENGINEERING

KEY WORD : FUSION / DISCRETE WAVELET FRAME / REGION / MISREGISTRATION
ORAPAN CHAROENTAM : REGION BASED IMAGE FUSION SCHEME USING
DISCRETE WAVELET FRAME. THESIS ADVISOR : ASSOC. PROF., SOMCHAI
JITAPUNKUL, Dr. Ing., 161 pp. ISBN 974-53-2677-1.

This thesis proposes the region based image fusion scheme using discrete
wavelet frame which has robustness in misregistration problem. The discrete wavelet
frame is translation invariant and the suitable for image fusion. The discrete wavelet
frame is applied to use with region based combination. Because of the misregistration Is
problem on level of pixel. Therefore the combination data based on region are also more
effective than pixel and window.

The proposed fusion scheme is applied to both thermal and visible images
which are captured by inffared camera Thermovision@A10 and CCD camera,
respectively. The experiments show that the problem of misregistration commonly exists
in practice and the proposed aigorithm can solve this problem. Moreover, the source
images used in this thesis are-Taw imagss"thus it necessary to develop the set-up
process and registration algorithm to preprocess these images. The registration
algorithm which is based on object matching method is produced. The experimental
results indicate that the developed fusion scheme is more robust and stable in the
misregistration problem than others. This sheme thus has greate potential to be used in

real work.
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Tnainfdeyaresnansunisniuinlaaanginsniiunnsneiuasiansuzianiy

= a = o o X
AUNATHITORT LN L‘Mﬂﬂﬂi@lﬁﬂﬂq?ﬂ?gﬁ@’]uﬂqWQ\?u

anuliauusal (Imperfect) [1,2] Weasamnaaneumasiuninwiiinnisiuinlag 14
o 1 a o dl 6o I a v dl I [3 =
ginsalfuniwsAnaiianu Gginsaffunnusasatdnay lmasaespauusmanTWiafies

1 d! o 7 o Z// o ¥ dl o K b4
d29nilelun19m99ady (Capture)  dayanin Asiudnwuzdeyaresninintdunnliay

=

o ] dl 1 < dl 6o o K ' zl/ o 4
ARUAUBINUTINUBIARNLLN LV@ﬂiW‘W’]V]@qﬂﬂ?M?UﬂWWImuﬂW?']_Iu‘lflﬂ Wit M 1snann
A
N

o K % 6o 4‘ a v
uuwnim@’m@ﬂmmmmwmm 7] H1DHA

u

o

NANwzIRNTIuANFANaTugnsaliun e
AU MuNIE AN N AN UAa A WA A n s iday ananysalasLiowls Ty
mmqiﬁlﬁmmmmmm% (Ambiguity) wazAN Tuiuan (Uncertainty) fuazdanalianu
dl ] % | a’ll k4 ' o .
inmsunamailllszegnaldunnaauusiugn (Imprecision)
atnglsfimuaulianysninesninguniesienaiadiesiu arnnsniliudgelalae
nisunaawmandlilinunszusunisdszaiunin Geazianissandayatinisia
(Complementary information) LL@%%@H@sﬁﬁgﬁﬂu (Redundancy information) a1nWLAAEAN

L% Y v o o k4 a =3 ¥ 9; ¥ Y o dl
AUNWLTINIENY Imﬂ@ﬂwmmﬂw@wLmummmmmﬂgmwaummmLmﬁmmgﬂw 2.1



Redundant Information

Sensor A Sensor B

Complementary Information
t:ll [ 3 % % -dl o =K % o
gﬂ‘w 2.1 @ﬂwmmmﬂmmmwmu‘wquumim’quﬂmmmmw ALLAr B

v
o v

Lﬁ@@%mﬂﬁqﬁﬂﬂmz%wlﬁuLﬁmm:ﬁmﬂmvmuiﬁfﬁmu lufiilazRansannm
ﬁ’umqﬁummﬂugﬂﬁ 2.2 Wailunsdifaatng %'\uﬂumwrﬁl’umqﬁﬁmﬂmﬂumwgmmu
WAEIY Tmﬂgﬂ‘ﬁ" 2.2 (n) panINa3s (Visual image) ﬁﬁlqﬁﬁmuﬂumﬁumﬂuﬁﬁ@uﬁq@glu
vislldf usluanssiReniuiansnsalidesyanesiunds ddman luanedis i 2.2 (@) Aenn

unsugn (nfrared) M@ N30 Wdeyaa0IALlAdAIauLATNaWLFdE WARN WA

1 ¥ A
ABUTNAZAYNLATE

7171 2.2 FivatinennsiuneEslannann TNO Human Factors Institute Netherlands
(N) NINATY

(@) NINBUNIITA

dayaLANLAN (Complementary —information) Aedasafitsang luniwsiuntenan
wilawsilaitanglunansiunis@nninuile ansivatiadu puntsngdaauetTugli 2.2(2)
we tdtlsng Wiiulugin 2.2(n) deyamsniiiudeyaniannsotinsandnfoaiuiie
a =3 3 ! o 4 dl ! 9 ¥ ] =
wnfndeyasyndreiuld Feazdesliulennininassdayaluwdsasnisfinaiunin

(Interpretation)
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L4

dayad1iau (Redundancy information) Aedayansngesluninsiunierisaes
nw ansvetnay ouuuaznl Ndsngedvislugdi 2.2(n) uazgli 2.2() nasindeya
dndaunnsandnsaaiuardauliulamnuusiugn (Precision) wazdatinANEans

(Reliability) 289d0yaliunay

o o QI % nl/ Y o o 1 d’j
AVTURIARINIT N TEUAUNNTLTZAUN N Tmﬂmiﬂ%mﬂmuummmﬂﬂu

o nsvinuNslszarunnazfiesliilidayaisiu (Salient information) Nussqat|

] v
wsaznnsuMegayne i

Ry ¥y A 4 . v PP
o uansiszanunnilfazfesiANNaNnaL (Consistency) aasdayauas lHA

uilanilaay (Artifacts) Nazyainaauduauise ladiaslunisfiarsandayann

® nsxunuUNNszduNINaEAedLluNITUNLANNUNTa D HANNAINUAANT

AANALAREUTASTURALNNTLZLIANN I (Misregistration) Lazdtyru1tusLinay (Noise)
2.1.2 datlyulunigilszarunin (Image fusion problem)

TnatlsnAdatloyunlunnslszaruninaiunmanuunaan iy 4 duneu Audnslu

dl 3// | ?:/ as 2’/ v . A b=
71N 2.3 Tnsdupaunsnazdudupeuisaedansznun1adusu (Preprocessing) tWaLsae
nwsunslinfan neunazinlildiunszuaunisdszau Tnadauunazdsznaulddon

v %
ﬁumuﬁ%mmn’wﬂi“uﬁgqmw (Image enhancement) WATdUABLAITIINTTLIEHLRNNIN
(Image registration) @audunaungasaziilunizasuian wdsnwansol (Generation of

image description) Gifludunauaasnisuilas (Transform) dayaninwlielugluuuvas
TaseaFreneadinaans alininelugluuunusnzaslunisfwimneunaztinlltim
funaun1slszanu (Fusion) uazdunaugavingaziiunisulasnareanisdszanunin (b

stunnaeslasea¥msadiaaians) - e lugluunimunzanlunisueaiviaznigmn

A o o o

Aadnla W A1 (Image) ansoue (Feature) visadtuansal (Symbols) Feandnidunns

o

A5LNEAWTSLaniAY (Generation of world description)



11

Image A l l Image B

Enhancement & Registration

Preprocessing

Image Description
Generation 7, ‘ T

e Prformance Measure

Fusion Fusion Rules
Image Interpretation

Weorld Description Wiald
Generalion F description

9110 2.3 et lunisdszaiunn

2.1.2.1 N9LUIUNITTIURAY (Preprocessing)

TnavialunszurunisduduaasnIndunivazdsznaulddae nasdfudgenin
(Image enhancement) TufluNIFANANNANGATATLAN wazN17Us2 LN (Image
. . dl o . % ?/ v [ % d‘ %
registration) LWaL5uKUWa (Alignment) 2BININAUNIIAR9IHRTAIU LUBIRINATNALNIG
aziansuzresarnnalunnidawmas (Overlap)  fuatl Tnedinisisyiuanniniu

v o 1

a1z lAlasNIILARUATN (Translation) N13UYUNIN (Rotation) WAZNI3ENFaeNg N
Hugu wanainiienaaz 1435n1991@auduius (Correlation method) 35W31e15 (Fourier
ax \ . . o o ~Nal o =
method) WAABNIIEIANIN (Point mapping) 11k FauAne InelunstinnnsuniIeiwIm
Tdwinuazdesnanistszunaiaalugag (interpolation) AP IRIARES Tl IR Y
. dl 4 % % 1 o 1 1 a
(Resampling) eaL5UUUN ATRINTNA RN IHVNARNEY WALNSWMATATEINITUTZEUNN
agldsziuprnmaziasm (Resolution, © level apanawiludeyalunistszaiu Aiuasly
AUIUARININITUFUIRNATAINTNFAUN NN
nsilsgiivannndefluduneunsndmdunszuounisilszanuninifaunnmatia

o Aa 1

uazdnuiae Indnunindnasfada d Ut g U A NAUN NN ] a3 se UK NN

49

= v

anysnd (Perfectly registration) tasiaIn st LAUaLIRNTZIHBMNI0INTLsTa NN e AT

wsiaeinglsfimuauianaiafifinauluduneunisdseivanninaziluame iAoy

RANANALAZANNANLUAY I UReLIEI9NNTU R LRINNARE A9TiUED TN (Stability)
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f/ as] d‘ dll =2 a
LATAINNAINY (Robustness) 284 UABNIBNNIUTZANUNINAZNLIHBIDIANEANAIA L

90// % o =K o [~ % v o o/ o j v
TURAUNITUIEALANN N ’N’Q’WLﬂi&ﬁ]'ﬂ\ﬂﬁﬂ’l’?&l@’]ﬁﬂq.}lﬂﬁ.lﬁﬂﬂ_,lﬂ’]uﬂﬁﬂ
21.2.2 NN5RBLNEATNLTININANEDL (Generation of image description)

AR UNLAWITININANEIAaN1sasUNaN WA M E IATN AT NN AR AN G MT T

dunrnanuunaaniiusssulesasalys

® 52AUqANN (Pixel  level) lavanndayaninauisauanslugiaasdayalu

A
=

TALNUTINUN (Spatial domain) kazlaluw@eaaaud (Frequency domain) 18 uazlnadni

a o aa

BYANINAL (Raw image data) Azt uglunaaALEINLN (Spatial array) 2 HAvse 3 N5

e

D

] ¥
%\1meﬁuﬁmmmLLﬂmsLﬁ@%i‘LuImLmuﬁqmﬂmié’ﬁmmﬂmﬂ (Decomposed) NN

b

= ¥

aaniflunanaszAUAMNAZIaEn (Multiresolution) TFaNNIsLaRITaya luaATEALAIN
Az NNNSEER (Image pyramid) Inelunisiszaun ntiunisuanstayanasnan
funnsisaesludnsiznanisrlinasiaslanuanyaiu faa1munsunsaianinitsy
a = 1 ada a U ¥ 1 [~1 ana

Hadaguanads (@sureldlunianuan n) laun nisudasWidn 2 88 2D wavelet
transform) [9] 24A3N9RILLULNNE (Gaussian filtering) [10] WATA9ATNTANALAN T8I

. . . =1 % d} dl k74 a a o [ o o/ a

(Laplacian filtering) [10] iusis Gennsilasudayaainnmivseianauliifluwnsanduida

dal dl o v a a .
WU @nunrannldlnanisudasndauisydin (Inverse pyramid)

® saunislendau (Segmentation level) Lilunisasurannlaalduwaiduneay
a R ) = > 4 aa )
(Edge maps) #78LUINUN (Region maps) gelannanndumneuldsnisueandou
(Segmentation algorithms) ¥Tan13u8nNa8L (Edge extraction) lA8LUILaLN IAA1N1TONA
Wdauaulddaean1snnliuag (Thinning) wazn1sidasies (Linking)
® svpuAnHUE (Feature  level) A wazgnesundlngldimnvesdayadnsmnie

'
=

fyaaaziiludagarauzanuiinldunainnsuanans oy (Feature

a

(Feature data) N {f
extraction) laagnuesdiayadneuizazgnialilinunisdnngu (Cluster) tiann13dnAaIA

(Class) 1993RRMila0anaNIAUL

Y o o L

® szaudyansnl (Symbols level) lunisasunaninlaelddryansnd Feenaay
atfluglaaailsewail (Proposition) wazinaust (Rules) tlusi

1uﬂ@'§ﬁuﬂW?ﬂﬁ‘:ﬁ@Wuﬂ’]‘WﬁEINﬁ@:ﬁ‘ﬂ%ﬂ’]ﬂﬁ’ﬂﬂﬂ@hﬁ:ﬁﬁﬂﬂ£°m’1‘W faanunsnFen
Tnesandinistszanuninluszauannin (Pixel level image fusion) Hesannmstezau

¥

o | ?:/ Qdd‘ 1o ¥ o a 9
nluszauganinidudupeudsnlddudauuas Idnalunsaniiunistas [1]
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2.1.2.3 n19uU5z&@14 (Fusion)

m:mumiﬂizmﬂu@ﬁu@gﬁur@miﬂi:mu (Fusion rules) 289usiazinaila tag
arifaa LN Ll usaUsyatu (Fusion operator) tEwA Aedsfagunmiin (Weighted
. & i = Ay a P
averaging) N17LAANATNINEARA (Choose max) vza lunsiinfasiatsanauldudueu
. ° = Ll =
(Uncertainty) NN131s2@Uas)NNIMUARINNOH)AQNIATE (Fuzzy  theory) NOBIANM
wnaziflu (Probabilistic theory) waznnuin1aigal (Evidence theory) @faAHUNNT
wantazgniaanaINAMANTTENINI8AIN (Physical characteristic) a99ginsaifuinin

N9 ANTNIN LAZNITAANNAN
2124  n1sasuranweBalandel (Generation of world description)

Tnatnfnaansnlaaannistszaruazed lugduuulnseairamisatinanans @
aunsnesunelifessduiaseaianile 1 aan 4 szauluiaded 2.1.2.2 Feludunen
X

anTnanadnsfanaaargnulasivad lugiluunassninilsyaiy Sadugluuunmunzas

lun1snansaundalanyiFd
2.1.3 msuszaneldau (Applications)

watianisdszarunangniina ldae19ndn92999 719l uA1ugRaI N TN
nnsunne n1anmng waznnsasaaszasing Tnesanwnizaasnisdssynsdldeuaiuneg
a Y o d”
asuna LAl
® NITUWNE LE NATUNNIN X-ray computed tomography (CT) Wazn1n Magnetic

o o dl Z// IS4 dl ]
resonance (MR) NN TERIUINAU LHAIRINATNTINADINTNHABN ANAINITOUIHN

u

D

4 1
ssnnuld Tnamn MRI azidegareditiaitioninndi CT Tuaneh CT asiidayaludou

2a3TATNaE9NIzAN Watn WIIaeINnsaniuazin e s N s Tayaisaasdauls

wEaunw daeliarnanlun1I I NADEIUDILNNE

® qaanunIs nistlszanuningniiunldadnandaansluanugpaiunssu Tddnas
lunnsmsaaninaniusiidign  (Inspection) N9MsIA@AL (Monitoring)  NN93Lade

(Diagnostics) Wazn19lsznau (Assembly)

L4 NIINUITURSNIUNE i NNIATINNIBNIT NTATNTDE LLﬂﬁfﬂ’]?ﬁQ@ﬁgﬂW??m
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sauvegae lunAunsaainiulsansas

2.2 msﬂezmumwius:ﬁu'gﬂmw (Pixel level image fusion)

n13UszatunInluszALqANIN AANTZUIUNTTIUN1TTINAINAUN (ARIUANT

1
Y v o/ =

dsziuanninudn) Wnsseiu ieairaiunwdszaruinldfunisdivl gedeyalianysnl

'
= 1

-‘% Y Y o v a o o
11U Ineldieyanad ludnunizreelnsegianiaiinA1anslussauqaanInNInINIg

dszau antiunanisdszanunliazgnudaslvies lugduuuresunidrfuidsnunvisanan

9rani

n '
v

TnannstlszanuninluseauqanIni@ssiesnis (Requirement) Nanflugaennmun
14 [1] e Wiuneimadszanunmildszansningedn deesune ldnsie il
e nsaegtuuL (Pattern conservation) nniazatuiildazdasinmguudeya
Aaaiiie (Relevant information) 484uAaTA IWALNIG LY
o FwdanUuiles (Minimal artifacts) nasulszanunmazseshivhasudaniudnanlu
nIzLauns Suazdanagdunnniminanislafieniseduanludeyaresnindszaniily
° 134'LLﬂiﬂmumum@ﬁ'@uLL@zmsmu (Shift and rotation invariant) N£L31N"3
ﬁi:mumwmm:ﬁ@m@uﬁﬁiﬁu,ﬂ';‘ﬂmummmngﬂmmzmwgu
L] mwuﬁi’amwﬁmmm?ulﬂumﬂ\‘m’]?ﬂ?zﬁuﬁ’m’]w (Robustness to registration error)
fuperidznsdszanunawasiadhilarenukiiiaaiainaeuanfuneunssziuanm
u@ﬂ@ﬁﬂﬁﬁawudﬁﬂﬂiﬂafmmmwslmzﬁuammwﬁﬁm?ﬁﬁLmuﬂlumuﬁﬁﬂﬁmum

fnAazeguuuguresnIsuenasflsznaun nane el aeldesune i luinde 2.1.2.2

2.2.1 msﬂs:mumwuuﬁug'\ummm'a‘u,smmﬁﬂsxnfaumwumzlsxﬁ’u

(Image fusion based on multiscale image decomposition)

N13UTZ@NUNIWTIANALT (Hierarchical fusion) Lﬂuﬁcﬁmiﬂizmumwﬁ@guu
ﬁugmmmmmmmﬁﬂizﬂ@umwumm:ﬁu (Multiscale image decomposition, MSD)
WATNTYLIUNNTA519AU (Reconstruct) Baiilunsunnnunuanaanunansesslsynay
] d‘ ) ] o dl 1 v o a e‘d’l ¥ SJ:J/
ABUNALUINININITUTZAY @uw%mﬂummmmmmLmq:muwwmﬂ@immiu
o 1 2 d‘ 1 a d’l’ dl . a djj v
ANWEUSTDYALTIAIND (Frequency) LACIDYALTINUN (Spatial) Tnsnnaiailladinng

PYguatuasansniiatl a.a.1984 Tas Burt [11] andui lednswmunasinesaliias Inely
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ﬁ@qﬂuﬁmmﬁﬂmﬂmﬂmﬂ‘ﬂizﬂ@umwgﬂﬁwmu@%umﬂma Fanafiafitauiiun
Uz ludumedanisszaiuni (@3unellunnamuan n) Wud nsudasiisziia
(Pyramid transform, PT) FaldFnsesmana LUy 1 99agngaaluLnTg (Gaussian filtering)
1433n789a1UaN T8 (Laplacian filtering) nnsudaspamssaianian 2 85 (2-D  Discrete

wavelet transform, DWT) waznisuilasisnnanssnianian 2 7 (2-D Discrete wavelet

frame, DWF)
MSD
-
Fuslon Process T =
MsD Fused Multiscale Fused
- coeflicients Image
Fusion
I rules
Renisterd source ultiscale decomposition
images coefficiant

dl [-3 aa dgll [-3
719 2.4 uNUNNLLLILARNTR99TN19UIEA T UN TNLUNUF U TULAINaR

%umu%’%nf]iﬂ@mmmwuuﬁugmmmmmmﬂmﬁﬂi:ﬂ@umwumm:ﬁu
Tpeivialel (Generic . MSD image fusion) mu’wml,mm”l,é’ﬁqgﬂﬁ 2.4 dalsvnavludan 3
NITUIUNITUAN °] i

® NsuENevALUIZNALAIN (Decomposition) TALINIIHINIWALNIG (ﬁmumiﬂ@xﬁu
ANNINLER) WRnNuanesRlsznay suazinlFlddudulss@ananisuanesfilazna
(MSD coefficient) I89kARZNINALNI

o nsilszany (Fusion) iunsasneduilszananasa (Fused MSD coefficient) tae)
VAN e AN E M A9 2L AR LT RN N A N TAA NN N BN NUN gL ls AN Bas

antullaungnisdszanu (Fusion rules) Nnnvunld
1 2 . | 1% = o o a &£ ~
® N198519AU (Reconstruction) aziflun13a519AUNIN Inan1uindnilss@nsuasun
1Fanndunaunislszaun1ninisuladndauaanisuenadslssnay (Inverse MSD)  Liva

aF1afluninilszanu
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2.2.2 deunani (Notation)

Tuniildvinnasimusdeynsaliielfuanssautlssing ) dusunssadanisdszau
PNUURUTIUNNTUENBYALITNELN WA TEAL AT

I X0 UNUAITWBUNNYFONINFUNG Tea11190uanslugliuu2898 1A LTI IN

. . . =2 o A= =~ o A

n13tlszannd (Approximation  image)  TUDUNINNRANMNALIBEAAINGA LATNIN

= - dl o - d”
7eazidan (Detail image) NszAunisuenasAlsznanle o lnaainitlunisuansanisuen
asAlsznaunnazgnunusaesiautls y aundsUuuy

y={y" %y (2.1)

e XK UAAININNITLITNIL B ITALINNTUINBNALIIENOUNINGIAR K uaz y* UaAINIW

a A o
EATREANTZAL k 10 7 ille k=1,..,K

o E LA/} . o X

HasNNINIRTIREANITAL k 19 7 azilsznaudasunuANduaeLnL (et
o a ada 6 [ % :J/ aigl}d o % k dl %
AuataredRanIsuenesAtlsznatniIn) setiluntaanauua i y< Nlsznaudon P uny

= = vLst K K K A

AN (nmseaziBen) aansnuandlibiog v ={y D,y (IP)} A p=1..P uay
~ = K ¥ K =
IWNAAINAZAIN AUNUNINNNTL szl XK fae YK (nj0o) 7 p=0

Toanmuali 1§ uag 1} wanslniamans x* wag y*(n|p) MNAIAL uazanmes

&
a a o 1

a o T Y @ o 1 dgj o 1 o ] k nzll k

Wrin n=(mn)" gnldiflusetisdniuvisesduilssd@ns anfetnaudu vy (njp) # nelf as
=K o a £ = = — dlo 1 dl [ % &

waANDIdNLEANT TN ATIRA (Detail coefficient) NALLNLN N nrzAuNITuanasAlIznal

k WAaZWOLANND p Lilusu
2.2.3 TAseds1analal (General framework)

WA AN ST AN ENITUUNBIALIIENAY y IBININAUNIITNADY AZFRIYNUININA
n3Rndula (Decision) A1azaidnlsz@nsrasnndscanu (Fused coefficient) y. an
duilsz@vswanildedals InefanisinduladnazetuuiuguaesnisinssaungAnssy
(Activity level measurement) %\‘muﬂuﬁqmﬂﬂﬁmmﬂ’mmmLLﬁiazﬂﬂ‘WﬁuVH\i WAzl W9
Findulalunisiaandanazinun M ludunaunssan (Combination process)

TnausiazdumouzeanszuaunIsdszarunInazlmatinsng o nainuaiamaiiai

A ¥ o a 9/4! A a dl 1 1 il/ ! N v
ausaipenun laAiunisld aenisnenmalianuans1sresusiazdunauazdana b s

nssudsnslszarunmiuansineiulidae Taagii 2.5 aziiluginuanslassaieiialiaes
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N1sUsTaunIN LU MTeIN suEnesAlsznaunn TelFin1ses e AAN LT RIS

AzUABNBLNATIA 7] tsznavulisng

l x4 Xz

*—I— Activity lewel I Activity lewel -1—&-

*r—— —— —- Malch Measure —————

g dg

Dacision
d
Combination

ln

1+r'1

™~

! 1 &
77 2.5 TageainevinliaeenstssauninunivugauresnsuenesAlsznaun nmaie

Y
4

el N TWAUNIE 2 NINAR X, LAZ Xg Wazldidunnilssau .

NNSLENadAUsENaLAINUAILSEAL (w)

Tnanwdiunia x azgninllusnasdilsznaudauansog y, = y(x) Ha ses lag
d e e adey QF ¢ . z dn v .
7 s uanaessainldusinansuniausaznin @4 v AldaannisuanasAlsznauas

Wiuhlsugunnnfeuldluasnasi (2.1)
Ve ={ Vi ¥E o ¥ 38 (0 10)) (2.2)
dl K =3 ai o &
e y&n0) wnrsisnannasdesuauissaunisuanasAilicnatgign K uay

[k B " o > ~ iy 1
Ve _{ys(n| p)},p_l,...,P ABNTNINUATIBEATIMHATIZAL Kk 10 7]

FTAUNOANTTH (Activity level)
N13iAAITEALNGANTIN &% (n| p) AEN1ITATEALAIAINNIALTIBIUAATANLTEANE
Ve ={ysk (n| p)} Tunn 7 wouANd SeazidunisdnAnTuseAuiaatiu (Local activity)

N159IAAIANLTNINY (Match measure)
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1
oA a

1 ¥ o k 3| dg( dl 12/0/ ¥ o VLQ/ 4
ATAITNETINTL mAB(n| p) WWuAngniagnau e lgdnmanuiniu AUBIUBY A

a

o

FENINNINEUNTIE4 Tearag lugiuuuaeinisdnanduiusiesdiu (Local correlation)
TnedistumsaannInmuils 289 y§(n|p) waz y§(n|p) ARAIAINENTYE mig (N p) 49

= o P v H = v 4 v o =
ATUNEAINDN ANHUTTRYATBINNAUNINTINEDI HANAREYTRHA InAALS NN 7

AANTNIU 7]

nsanRAuRba (Decision)

nssndulanauinleaesduneunissu (Combination process) IWS1ERARNNNNT

o

Andulaaziiudonmuaisnagtinnaiinissandutlss@nsnisuanasdilsznan vk (n|p)

waz yi(np) tpaaziansauimanA1ANdIANTIaIn neaes a9luniinisimesnig

v S

sinaula (Decision parameter) AaZLdm4A8IAT 5=d*(n|p)

AUABUNI15594 (Combination process)
dupauilaziiuiupaurenisaiduilszananisuanesdilsznaunasy yk (n|p)

Tnannsindudsr@nanisugnesAlsenauaean naunIg v (n| p) waz ys(n|p) 16w

?:/ d‘ a Qdd‘ o 9t 2’/ -(j{ 1 o v a [~3 1

funauNI1999N TunatAIsnariind I lunsmniuazuet iunsfindulaluudenneu

v 1 o Aa A aal 2 n’/
PUNINLFAAUIALADNA T bANA L 1LE

nsuasnaunmsugnasAlsznauninuaiassay (yvt)
y Ha L y “
funeuiinaiduiuneuganialunistszaiunan Ingnniszauazgnivunlu

4 Ay o o = £ s o 1
TuAaLUN Aan TulasnauduissdananisuanadAlssnauna Ve UUAR Xz =y (Yg)

|
=

Wa y?! AensutlasndunisuanesAdsney
224 msuanasnlsenaunInuanasEAl (Multiscale image decomposition)

AN AT UL ATIATENITUUNAIALTLNALATWULLLFANS I ¥ lun1Anwan N W

o ¥ F dld 1 [ ' o
NANTTLENAIALIENAL Ys "\Zﬂﬁ‘gﬂ‘ﬂ‘]_lblﬂQQEIGLI@H@VIQJV’VJ’]NLLB‘]ﬂﬁ]WQﬂHE‘]’]NLLW@Z?t@Uﬂ’W

¥

wenasAlsrnay tnafisrAunisuanesdlsznaugegaazussadeyanany (Coarse

9 k1l

1
¥ = =

information)  lwanuzNszAUNTTUENBNALszNALNANAINNIAZ LI TaYANAZIBEANINNIN

a

(Finer details) @an1suandayanaruisnlddayalunauszduniiuazidan

(Multiresolution) kLU Dot uanHN1TWEATaNAN R AN IHIZaNRaz1n 1dn1n1g

a
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[ %

dszarunin Mitladiiaanszainsndimmeidayauaziinissudayanseiunany
= dl | o v . v | @ - Y o a SAa
azi@aanuans19aiulamin wiiflwwsznisuanasdilsenavas Ihduilss@nsnaAnge
(wev) Bdaludayawunaziiulsylomilunistmssidagyatiues
o .

ANUIUTEALUDINTUNAALTE N LA WL UA NI R LA TN HANTNAFRANIIDNN

aa [ o s o | N
229n373AaNslsrany  Imannsldseiugalunisuenasadsznauninazandlulunsiin

¥ o

anl 49( [ . dl o 3
mimﬁmiﬂi:mu‘uu@gﬂm@ummqmnsl,um‘w (Object) NrzaunisuanasAdsenayle ]

u 9

b

Tnansaindmngluninlaatiamdanuinngie @uialun)) nasldanuauszaunisuan

q

a9AlsznauNIngs Az liiugeaziaunaeingtiu o daiauay etnelsfiniunisld
. . o My, W o o o
AuuszAUNIsuanganftdaiudnazliinanislszaruniniiaiane il asannd

szAunIsuEngegaas i Innfalszun A Naziaunan AIuNIg A uIusEALINNg

=

dl I~1 o v = ol dl dlv =
LLF;Iﬂ‘V]Q\'ill’]ﬂﬂ@Z‘V]’]EL‘VIV’YJ’WJ@35L‘ﬂﬂﬂﬂl@\‘iﬂ’]Wﬂ’W?ﬂ?ﬁﬁJ’]mqu’]ﬂ Gﬁﬂﬂ@mmmqlumwm

RUAATEINUATRY (TWIALAN) NIEAUNITIENeIALsENaLIgY Anwuzdeyaraeing (Iun

)
[~3 a [ dl o v a £ o [ % [ v al d‘ o v

ian) aziinAnuliseiies vnlmannasdaniuniu (Overlap) 1993ngdnaiAss iatindaya
W mn19lszauazlvuaniatszaundanan e e dlaziiaA NI ALNYY 111 LA

dsngnisaluuuuden (Blocking effect) [1]

v
o o o s

ﬂﬂuuﬂ’]iﬁ@ﬁﬁ‘mqLa‘ﬂﬂ@oqu’lu?:ﬁﬂ‘]_lﬂ’]ﬂmﬂ‘ﬂ\iﬂﬂ?ﬁ:ﬂ‘ﬂ‘i_lﬂ’]‘WﬁL‘MN’]%@N%\WW?

b

=

aanAfaglliuN1sRaITUITaLAEIN LA (Spatial - extent) 28935 lWLERZA WA UNIIN

©

o X o o - ———— Y o - A
mu% AN V'\ﬂ")mqm@ui@mm@ﬂwmLmﬂwumﬂ(J’NﬂV’]Q?“]Ziﬂj?:ﬁﬂunqﬂlﬂﬂ@\?ﬂﬂ?gﬂﬂuméﬂwﬁﬂ

ai o Y & a [ % :J/ o 1 [ % dl = a d’l dl v
mzmﬁlumm’mmmﬂmmqmquummmu LLﬁ]ﬁ’m')IﬂQVl@uﬁlﬁlﬁﬁJ@UL‘ﬂML’NW‘HVI‘WE]EI NITLLEN
A o

& ~ o o %% a oA oy A
‘ﬂﬂﬂﬂﬁ‘Zﬂ‘ﬂ‘Uﬂ’]W‘V]?Zﬂ‘UQ\‘] °’| @W@@ZV]’]SL%‘II@N@V]?ZWLIQQ °'] Lﬂﬂﬂ'ﬂ’]ﬂﬂN[ﬂ“ﬂL%@\ﬂ@ LBANAN

a

ANHATIBEATBINNANAY AdtiunIgldszaunisuanasflsznaugan e

2.2.5 n’l'i’?ﬂ‘a‘zﬁﬁ.lwqaﬂ'iﬁ‘u (Activity measure)

! ! v
TunnsnaziaenmAtialala o e ldlunadnssAungRnssuiuasnaIsAIN

a £ 1 dJ ac [~ [ % -] 1 d’j
897N TRUBININAUNLFAF NN TenFnasiiullnudneaizaaanisiininmanily

%

dszensld anfiaetitady nstihnnitiuiniszazindasieiuniiinisdszain nedn

Y1

o a ai o Y& Qdd‘ o a k o 1 dl
imqummwwuwﬂmﬂmi@uﬂmﬁﬂum:‘mqumm:‘m ag (n| p) AN U ATLUUIN

'
o %

¥ 1 o A d 1 A o v !
m@aﬂamwmimw‘:TWﬂmm@mLmuwm‘wmm UUABATNITAUNTDYAUBIAIN L‘]_G‘EI‘]_IG]’N

D

(Contrast) 284N WFUN1TIaRINN 1 lun1990 14 dayaresarnifzauseanisngldain

TUNATBNBIALIENOUAINDGIUTad N svANB I8N INIEATIDE A 1ARENNTRANTEAL
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woAnssnadnadny a1nnsndnlddaenisldAanysnizesdntlss@ntaeazidan (Detail
coefficient) wraileriduln fianfunislngldAuannaqn (Amplitude) Fauanslugunsi
(2.3)

at(n1p)=|yi(n1p) (2.3)

watAEAIUNINUAY N19dRTEALNGANTTNAZRE UUNUFIULRIANNTINATINIIN NNsNaiU

Ce | a dld all = ] 1 a
m@muwmﬂqmua?mmmumﬂﬂ@ﬂuuﬂmmwLﬂiﬂumqmﬂiumw ViU UL
ﬁqﬁuﬂﬁsﬁ%miﬂimmmwwﬁmqmmi:ﬁuwqﬁm@mmLwimzﬁ"mﬂixaw% Taaidouaag

NNTANUIUNNIATNAI (Energy) tTudaudsznas agnaty

a(nip)= Y, wnp)

Anew X (p)

yE(neanp)s  yeR, (2.4)

W WX (p) ADUTNANNINIASIAANTZALNITUENBIALTENEY k LA ALILAIND p 491
wE(n| p) ABAE9UIMEN2B9MHNFS (Window's weights)
UBNAMNANANNIIIELUAY N199AAITEALNGANTINEIAINITONAITUIRINAFTN

WFeup1reIdNl s AnsndeannsdniuefudNLlsL Anad1aAee fad

v V& (nip)
aMip)= 2.5
> wt(anp) |yt (nanjp) (2.5)
AneWX (p)
A ] a | ] = b3 1 1 Qdd‘ 1 [
wiraanaazldinnnidaduviae ldidudadu agradu JBNdaaandtynmsunau
a(n| p) =median, .« o 1y¢ (n+An|p)‘ (2.6)

TasnAudasing — wk(p) azlaldauialug dounanaziaunm 3x3 wse 5x5 tnadqn

1
1l o

AutNaIveg NANUIZANTNABINITAIUIDIAIITALNGANTIN TIAziTENIINI9TATEAL

a kT

WOANTINTINTNFY (Window-based)  HATHANAINUENFIY Wk (p) aziaunm 3x3 YiTe

s
a

5x5 A9 Aianaaziauinidnauiuinesudqndnilsz@ns (Sample-based) fitiluls deay

G‘mdqmﬁm‘xﬁquﬁmmL%Qf-gmmw (Pixel-based)
2.2.6. NMFINATAATNLAIAY (Match measure)

1a8lnFn129A AN A RUTRANN AR T UT LU AN seANTNNTuanagAlssnaL

PAININAUNIIIaDY nazatlugluuvaeanisdnanduiusiesdiu (Local correlation) Tne

o [ o

ANINAUIENING yE(N| p) WA yE(N|p) gnHEINWINALNNIMANENAUT LI AT 1Y

<o

(Normalized correlation) Angen1UuANLs2@NsANAT AN 2 ANTINLALN FIdNNNT

1
=

N (2.7)
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2. Y wh(an|p)|ys+anip) [y (n+anip)|

AneW X (p)

> wian| p) s meanpf + |y sanp)|

Anew ¥ (p)

k
Mag (N p) = (2.7)
~ K - ¥ o o A o - P a |
e W (p) ARUUIRAINTUIARIINEA NILAUNITWENDIALTLNAL Kk LAZNLOLAINND p 471
K T | o v . v ady v Y o A A ,
w (N p) ARAIDNUIUUNTYBAINUIAINUY °'| UANATMNATUNNAULAL INHNINLABRNAL bTU NIT

MAMUANAUTIENINUBNNAAURIANL 52 AND
2.2.7 n1sen&Ula (Decision)

w9 wmainisAnanla (Decision) d(n|p) azidlusniinuadtnadiniln w(s)

209dNLlsrANBANUHATNIWAUNIG TR duilse@nsnisuanesdlsznaunasu yk (n|p)

o o '

azgnAaualumentesieidudinis finefnsangulaidugu Toymdidnegndnay
Auuannsdmasnissngula d*(n|p) tueensls duazifenlaslddenisminuasidng
urnidn w(d“(n| p)) NagualdldluiinassanuuuAeddaau uln (Weighted

averaging) wWaziie9an D9KLRBNNIIIN UL AR Hadnviina lnan1slszanun g

1@ o

ANNN3DSNENADINN (Stabilization) 1414 wAfna A mFaus1entelun nanad (lu

=)

N v = : ~ e 4 A A &
ﬂﬁ‘ﬂwm’]WﬁluV]’NﬁJﬂ')’]ﬁJLﬂ?‘ﬂUﬁl’Nﬂ'}ﬂIuﬂ'}WV]LLﬁlﬂﬁl’W\ﬁﬂu) LL@&LW@ﬂ@ﬂL@ﬁ\iﬁﬂ&IM'ﬁu QNN

b

o A . Y o i’/ v a 3 o 2 | o
N1IUINHNTLAAN (Selective rule) 17 1N pesiungdndulanaznile lnsganeszAL

e ! v 1
WOANgIN ak (n| p) BIANLILANENNAININAAIINNINEUNNTIINNA FITd

ye(n|p)=yy(N|p) B M =argmax,al(n|p) (2.8)
WAZANNTN (2.8) mmmLmﬂugﬂuumquﬂﬁLﬂ@ﬁ?ﬂq@ﬁmaul@Lmzmmqﬁwﬁﬂiﬁ
pratl
1 if s=argmax_ ak(njp)
we(d“(| p)) = aliSE (2.9)
0 otherwise

a o

= a o A aad . ax 2 . .
TIANNNIUTABNNIW 7] 1N N EUNITEGN T8NI9ABNAINANEA (Choose max selection)
WAZLAANANHUTNIITINAIZNNTTN (2.10)

ya(n|p) if ag(n|p)>af(n|p)

! ) (2.10)
yg(N|p) Otherwise

yé(mp):{

Qddgl L4 a Yy o A Q;l = ¥ = dl dl Y Y -dld o a
f;ﬁmﬂ‘wmmmﬂmmuuwgmmﬁ Nﬂ’W‘W[ﬂu‘W’NL‘Wﬂﬁﬂuﬂﬂ’]WWIﬁﬂ’ﬂﬁJ@VINﬁ‘ﬁfﬂUWQmﬂ?ﬁ‘ll

a
Y o A

= ° I = 1 | a 4 A A
HINNQGA D ATLNLUINUS i Tunw sﬁwmuuﬂgmum%ﬂuLflmmmmiﬂ NWLRANAUN

A o

anisniaNafiasunszneulAfife nsdanandnAunsumleil o dew udaianig

! v
o al 1 o o

¥
ARAUlAABNIENINNNIIINULLANARETNUNMINUATNNIINULLLABNANNGR A9l
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yk(nlp) ifmk(N|p)<T and af(n|p)>ag(n|p)

yE(N|p)=1y§(n|p) ifms(n|p)<T and af(n|p)<al(n|p) (2.11)

wa (A (1)) ya-+wg (d (N1 P))ys
2

if mk(n|p)>T
Wa T AlnBuLlasu (Threshold)

! ! v
AMNANNITN (2.11) @1819005L8 A9 DU ATUUUIANINAUNINTIRBINTNLANFS

fuann duneunissazgnAnALla A EMIuULIRen SeazansnTninsdesaAuia
BYAINUARZNINAUNI LS wazanuaTasnn AL NI AU AauANsng
pepiieusnenn |y Tuanedl o funsdiinandunaiassiaaaadideiuenn
%umumimmﬂ%ﬁgﬂﬁm%u%ﬁ'ﬁmimmLLuumL@?lemﬁmﬂﬂ feazdaanuansznuann

&nyoynnusunauuas Winaniatssatuniniiganunsadneanasnanals

=

2.2.8 nﬁiﬁJUﬂ@:NﬁNﬂizawﬁ (Coefficient grouping method)

|
a 4

HAANNNTUANeAUsznaLNIN Azl 1esdNszAnENdaNaenndasiueg

1
al =

wiazunUANKND uazusazszAunIsuanedAlscna Taalugii 2.6 Awdan@nazuana

NANIBIANNANADARFBITY

Coarse image at level 2 E

Detail image at level 1 E

Detail image at level 2

A

317 2.6 AnwruzAtiiaanrdesirasdulsrAntnasulasisclnuiiuantlanmey

Gennatszanunmiiviinnsiadulalaefiarsandulssdnanisuanasdilaznanus
azFiaaniu azgnizandn nisisyauninuuulddungs (No-grouping scheme) waznng
szarunmiinnsiedulalnedungudulszanindaauaanadesiuluszdunisuan
aeAUsznaUwi 7 axgnFendn n1sdsrauuuudungnluuuaseiu (Scale  grouping

] -dl o v a o { o a Qr-dld ¥ o
scheme) NQMﬂW?ﬂ?Z@WHﬂ’]WVW]’]ﬂW?Wﬂ@ui@Iﬂﬂ@Uﬂ@ﬁJ@Nﬂ?:ﬁ@‘WﬁVWﬂ’)’]ll'&ﬂﬂﬂ@’ﬂﬁﬂu
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UURANNTUNSIAUIZNALTIIMNA (NUDLANALATYNITAUNTuENadALlszna) azgn

(3EN97 N19LsTALLLAUNGNUANEIZA (Multiscale grouping scheme)

\
< Y o °

Tnanssudsnisszaruninninisdungudnlss@ninaanndasiunauninisg

1 ¥
Saa v

fnaulaazdonlianisoudlalidn dudsc@naninnuasnadesiumanil azgninissy

TdluRAn1neaiu
2.2.9 AUMAUNI99IN (Combination process)

TuitiaziansnnnI22un I 1asldNINANNI9RIUIU 2 NN uwazAsdeduilegiudn

s s
a

AutlsvAnsnisuanesAtsznaunasan yE (n] p) Nndutlszdns liunainnissandulsc@ns

'
a o

YAININAUNIITIEDS NIZFUNNTUENBIAaZNaL NUALAIIND D ALUaNdaAARRITY

[ %

X
W

VE(IP) =C*(va(Mip)ye (M p).d*(n] p)) (2.12)
A4 o . ' AN D Y . o a
e C*:R° >R AB NITA99ANIN (Mapping) 7N7¢AL k  TINITAIANTNLTILALY (Linear
mapping) Daflunsidaniinafgn Avluannn (2.13)

Ck(ylvy2:5):WA(5)yl+WB(5)y2 (2.13)

TnaiAntaatinmiin w,(5) uas we(s) azauatiumdwesnissndula s

da’ ! a % ) Y o 4 dl !
uananin1sdeqanIMdaduiaainisatin lldszg nfldiuniwsiuntanuannan

aaanwle TagldnissasnuuA1eanfaeutin (Weighted average combination) e
asedutlsrAnsnisuanasAlszneunaan yE (n] p) AdluaNnTgh (2.14)

yE1p) =D w(d (| p))yé(n|p) (2.14)
seS

IS 1o e

Tnelunsdi w(d*(n | p)) T3 MsiuNealafviisddwintiugud  aunnsii (2.14) Az
[~] ac A . . , d‘ o/ a ar 6
nangLtuIgn199NLLLLAaan (Selective combination) AN sZANEN1TUENBIALIZNAL

A9 yE (0] p) AzgnidanunaINdnLlsrAnsueanansunie Mulanmmiaiues
Auiunisdsqaniniut iilu@ndu (Non-linear  mapping)” filletjuaneds 1w

3%'ma?zdmmmwmmwﬁumu (Sammon’s mapping) WAZAT Self-Organizing map
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2.2.10 M99 NMNNITUTTHIULAZNITTINATNIEAZLREA

(Combination of approximation images vs. combination of detail images)

Wasannniwnisszunne (Approximation  image) kazn1nIaaziaen (Detail
image) N AN nNN1TLeNedALIENa LN Al ANEIZNI9NNEAIN (Physical meaning) #i
WANFANNAY A9TUNTZLIUNITIUNNTTaNAtNNN lEAun1niadasuuuaaunnsanulldas

Tnavinlidayanldainnimaaazidanaziiudayanresdnuniziau (Salient feature) lunw

s
a

iy 29U (Edge)  L&U (Lines) LL@:Lé’uifauﬁuﬁ (Region  boundaries) AYiUANLUI=@ND

a/d ¥

EazIBan yE(n|p) Aafludnlazaning NAEY fuflnanpdasiunisilasuutlaspauids
(Intensity) 2239ANTN Faazuansneiudnls@nsnislseunny (Approximation
. Y i~ de ,
coefficients) laainawnnauazanns v/ (n]0) %muﬂumugmmuwrﬂmmm (Copy version)

Y o = A A = o % A= o o
DINFUNIG %, N LNENIAHAINUE I UAIUTNAIINAZLALARINT AFEILARHAIN 19
o Ay o ] \ = Y . . =
AANTRAATYLN9e NN ad luNIWALNIG 111U ANRAEUaIANIEN (Mean intensity) 1178
dayava9a1801W (Texture information) ganaenaaN1ginInn1slszunisay W
Vo o 2 o) Vo dl % = Ay e
uN8ANINEN sz NN szununiAge lianilunaziesuansny aau veaudu ATy
o a Qr al
Aulse@nsnaaciaun

\Hasannninnistssannslaiunistianan AnaniR1 Aty o) 11 ARRET09AIN
N daYaT898 1N IWNIAINAINFUNN ANTIUNITIATEALNGANTINURININNNS
dszannpsdnazeguuiugiuaeaniseningt (Entropy) AuuLlsisau (Variance) vi3e
WNEUFARIALNN (Texture criteria) mﬂﬂdqﬁ@zfa@juuﬁugmﬁummimwﬁqmumﬁ@umw
seaziden Aa binataneldudnlugunian (2.4)

AMMFUNITUIUNI929N (Combination  process) TBINTNNNTUILNNLIY 41134
AMUIUNIN DENNALNN19790 N2 ANTNNsUsENTIAR8NITUN AR AL E9UN NN Y84
FuszAniannnnsunieianun Aaluannisn (2.15) Ic-mﬁﬁ@ﬁuﬁwgmdﬁmwﬁumqqﬂ
mmué’fmﬁmmﬂmmmmmu AWGN (Additive white gaussian noise) LaZsLALNITUEIN

- o o ~ Ao ! = o = ,
89AL9ENaY K NIFgIiNeanaNanHuziAuaINNInIItazidengnautia (Capture) g9

o

o Y X PP = 0 o S A
TALRALLA mmmumwmmixmm (MUATYTUIDUIUNIU) ANAINITDUINININTTLRAEL LD
i

anANLLssuesdtyaunsunauls Tnendeyaludiusesanaaaninudunialunan

nsusvannugenng

PRAWIY

yé(n|0): seS (215)

&
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118 [s] ARANMILLRININAUN
° o o a £ = ] a v 2 o
Amiunssndndss@nineazigsn Inadauninastonldisnissanuuuiaenasly

aun199 (2.10) wazlunstlagnedna® akn|p) =

yEn| p)‘ BATHANNHAUN LN ADININ

- yo X
5| =2 ATANNNIIUAAINITHATNTTIN A AL

yg(nlo):yi(nm)zyg(nw) (2.16)

yA(N | p) if |ys(1p)|>|vs (1 p)|

ye(n|p)=
y,'g (n|p) Otherwise

p=1..P (2.17)

v olz n;lJ & dl 1
Qqﬂtﬂi\?@i’]\i%’ﬂﬂ‘ﬂ’ﬂ\?ﬂ'ﬁ‘ﬂ?Z@WUﬂWWUHWHﬁ’]%ﬂ’]?LLHﬂ@\Tﬂﬂ?tﬂﬂﬂﬂqwmﬂ@'ﬂﬂq

v v @ = v , i =
EINIZR %LﬂummLmeﬂummm\iﬂgmiﬂ?mm (Fusion rules) 1HavaNnNaNaa LN

1
A

imaf (Factor) aunauasntinn lasin sl 1 agandniew (Prior knowledge) T9aNN9D
i ldiuudendunawitunaeInIslszaunin weliuillss@nsnan ensaatieid
1HBaz1N1N19990 4N 93BN EIDININFUNITINNA Adeeumiinanaarladieegninuue

ANA1TTAUNGANTTHRAZA1AY NN AY wieaarlEadnnewdNn T dins s TR

a o

TN 9113eRlfsausINNIas DI uAAEANIUNI LA Tz rde 2 De18 T Tas

a o [~ aa d” s dl o
udeausniunssNdgnisdszaruninuuiugIunsuenedAlsznaunIn Ninauaine
Burt [11] IaeAannsreaaniiu azldnsutlasissiimuuuanilanidey (Laplacian pyramid)
Tunsuenesdlszneunin wasiingzuaunistlszaiu (Fusion process) wuuiildngnisnis
wanANINgAluIZALqANIN (Pixel-based .~ maximum = selection  rule) lunnsa¥ag
Audsy@ninasan y& faannien (2.18) Iaafidrszdunghingsunaldann

yE( 1'p)

ak(n|p)=

yA(N I p) if [yA(N1 p)|>|yE (N p)

yE(N|p)=
ys(N|p) Otherwise

=01..,P (2.18)

Burt uaz Kolczynski [10] i1nnsutlasiszRauuLingiaeusf (Gradient pyramid) 10

14 lunnsuanasmlsznaunin uasttauanszuaunislszanun lidayatdantinsig

(Window-based) #1%11n1sdnA1szAungAnssuuazAtaanidaiu Rtanldsauiu Tnawn
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IitianunisdnszaungAnssnaed yi(n| p) waiunisdnA ndanuieanin (Local energy)

40(
Zhe

2
yE (n+anpp)| (2.19)

anip)= Y,

AneW X (p)

o

¥
LaZANNTIAAIAMNENTUTZIINE yE (| p) waz yE(n|p) Al

2> yA(n+Anfp)ys (n+Anjp)
AneW X (p) (2.20)
ak (Np) +ak (Nip)

dl k A £ 1 = o a Q‘"d‘a -dl v
A W (p) ARUUIANNTUIA 1x1, 3x3 UTR 5x5 Tmﬂmﬂ?z@mﬁwwma‘mwmqmmLa?umu

mig (N | p) =

PAULNFNN WAL lEITN1999N UL ARALI A UKD Aail

vE (N1 p)=w, (d*(n1p)) s (0l p)+we (d(n1p))ys (N1 p) (2.21)

Imlm"]ﬁqaﬁ’m{lﬂ@xié’mmﬂmzmumiﬁmauﬁh ANVTULAAZIZALNTHENBIALTENaL K

AUOUANND p=0,1,..,P LASTIANLMALS N il

Bl
wx(d* (n1'p)) =1-we (d* (N1 p))=d*(np) (2.22)
d*(n

dl a I8 o a =
WaNITHmRFN9RREKR LA |p) fendasiollil

1 if mig(N|p)<T and af(n|p)>af(n|p)
0 if m§g(N|p)<T and aj(n|p)<af(n|p)
1 1(1-m&(nip)) .
d“(n|p)= 57( fB_(T L it g () > and 201 p)>2b (0 p) (2.23)
1 1(1-mfs(n|p)) .
5—5{ fB_(T LU it mia 19> and a5l pyasip)

e e m
dwsuAdanlasn 7 1o 7
N2 R ANAN I AUUBININAUNNTERIRANAINITaINTUANT AL AsIY A

4 % 1 % IS4 dldpu a £ k a ' [
NUEANNNITANNARILTZUINNINFUNNH e e TunRdutsedns YE (n| p) [EHANINU

. o < e 44 4 .
NUsEAT yi(n] p) ANAY ak(n | p)4eNgn TeazdamsnantioymFesanuiFeusinaaes

q

ANEUNNTIA B9 LANA 1LY 490N TEiT An A9 L LI N U9 T a9 AN
WA AR 1 ALY AN AN TN AR AT TN IN N UM RN S uRe

I’ v
nnrraNAziiunigIu LLUUﬁWL'ﬂaﬂﬁQﬂuqﬁﬁﬂ BNU

Zhenhua Li k8% Zhongliang Jing [12] Yauedsnisszanunini nnsudassan
al [~3 a o 6 o ¥
seanian (asunelFlunianuan n) wvinnisuanesdilsznaunn uazinnissandayalae
1ifayaidiesun (Region-based) dmiunszuaunisilszauniniazadeiudunenisues

Burt Az Kolezynski NHN19dnAszAUngAnssnuazA1AuidAu idwmaaii srefuf
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dl 1 dl o aal, | ¥ d” = d‘ a o .
mNmmg@mmuﬂﬁummﬁmmﬂumg@meu‘w TunieNauIfuees Burt Las Kolczynski

Tifayaimaurinsneiuies

Oliver Rockinger [3] #@1e38n191szdun nildnnsud aasnmgazmmnianlu

nsuanedAllsznaunIn [8,9] ieilfutlgearunannau (Consistency) WATLADEITATNITS
v 73 [~ dl 1 dl

ANUAININGA (Image sequence) snansldnsutlasniannliulsnuniaaeu Tne

nsztnunslszauaasanay lddeyalusziuqanin dazuiveaniiugdauaeanissmauniw

An3uszanns WNRNBanINNEnss (Wavelet  frames) WATAIUABINITIINAIN

1 -7 1
seazidaate luntanGundianamau (Scale frames) Aauanalugiln 2.7

Image A Wavelet Frames
— DWF l
....... p

i Combination
| —>
5: Fused Image
i IDWF -
i Sclae Frames -
y W e Averaging [------<

Image B | SN

DWF ]

7U7 2.7 nssudsnastlszaiuninaes Oliver Rockinger

v 1 v 1
1me93n19991 L AR IN LA TEI BN IMNANLRAEIENUNNN A9RNNIN (2.24)

¥ (N[0) =Y w,(d*(n0))ys (n|0) (2.24)

seS

uLazasnssaNanamsy azldasnsaanANINgAAIANNIN (2.25)
v e) ) (2.25)

Tntr o, PaAAtmIng ldnIaInAREnan (Prior knowledge) TBUARENINELNN

Ve (01 p) = argmax. (o -

Zhong Zhang Uaz Rick S. Blum [4] 11ta1a38n131s2871un I faanisinnisudas

a = 3 o ¥ dl dd‘ a dl o o
wanAgaraWiaanlsuld eannansznulunsainiinnisaanamasulunisdseiuan

'
%

nw e lihlssgndldiuninaaianiinisiunniscas iasaiulnense Geludounes

I o

n95UUNN91928 U 1N IF1ENAN19N989RNAUTN (Rank filter method) 1l lnN89RATE AL
~

waAnssnresdayamantingng Ineli Rank()w ¥ (p)) dlusaiuArdulss@naluasum it

niAmngalunresdayamantinsing wk(p) uariienunisdnrissAungRAnssusae



Rank(i)(y's‘ (N +An|p) ) p=01..P

o k
LB AN eW*(p)

FONUUINYUINNS )
ANRINTUNIINENRE
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(2.26)
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e AN inUsE HAonsaenisnaza unstiymnaziinauaselunig
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1 v v

UJ0iF Weadnisiinssadanisszaruninlylden Aviudunewislunisanlineuas

ee

(% 1
a

saudls TumeridaonualunisfiaziinssanametszaunmiinaueluUsegnaldanese
FauanslugLii 3.1 TneazEnpeusTUneUnsTunAMELING (Setup image) Nsrinm
(T TITaC P RRTTaare Y- (Pre-processing) alEsun N Eunnlindenna ezl
n7ruq1n19U92a1% (Fusion process) squfedunaunis¥alss@ninan (Evaluation

measure) 184N791ATNTINALD

Set up image

‘

Pre-processing

.

Fusion process
{Region-based image fusion scheme using DWF)

| J

Evaluation measure

all ?.’/ ad ?:/ o a
517 3.1 FuneudBienas lun1aan i
o = .
3.1 MTUUNNANIN (Set-up image)
Tidnentnust nwsunsiinan dasdunmiininstiuinlaaldeinenduinan

ANNTRANY TInaUaUadsatisAauLduan IHl A9 Tnaninnsniilu AnaANsay

(Thermal image) MMN31TuNANAIENAasBUNINIA J1 Thermovision@A10 WARIALLIFEY
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1
=

Indigo system sswanalugid 3.2 (n) @eldgunenifuinawilszinn Uncooled
microbolometer focal plane array ARaUduesiUARLEUNIIATITARKENT (Long
wavelength) 7.5-13.5 luasau (Microns) wazlininmanufauniaanuazidan 128X160

o K ¥ . . ¢ﬂl 1 1 ¥ a '
qann Tnanistiuninnanagld FireWire module Tunisimassiaszninindasuazpaniames

pananslugii 3.2 (1)

(1)

517 3.2 gilnsafildlunasiuinnanaauian

(n) NA@saUNI1LIATH Thermovision@A10

@) NsTaNAaUARNANY LT

AWFUNaNInAges iunwase (Visible image) Amnnsiiufindaendeas CCD - @4

AaLAUAINUARLIAIINT9Y 0.4-0.7 Tuasan uaz A INazIBHAZ94AT 1920X2560 4ANTW
o & L4
nsanmegilngal

TUN I IAMUITUABUATANITUNNAINAINNERY (Thermal image) WAZNINATS
(Visible image) A miuanantnuii ginsalfuinn 2 1lia e ndesdunsLen
Thermovision@A10 uazndes CCD 7ildlunnstiuiinnantu azgnsse (Fixed) f1umtszes

kY 9/::{' o 1 a o ¥ ilx 2 ?:/ -;IJ Y Y s 2 1
ndaslandumisipeaiu (Idunsendes) neililumwazdnsiesnisiqaaudnatsaeindasa)
Tusuunsaagniu Waldnnduneisaasitunnldlmauavidaanie lun ninsefuunn
nqn fauandlugily 3.3 Tnelupeuusnarldndasdunssaiinistiuinniwasnufeunay

o & o = [ P 3 o K a o Zj/ o &
wdnagrinnisilasuwiundes CCD iwennistiunnnnase nsdnssgunsniiiunnainiu
Anwouzil Az li&unnsueaiu (Line of sight) aadndasivassatluuuinunu (Parallel)

panandlugiln 3.4
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Different field of view (Fol}

CCD camera

IR cameara

ﬂ/

II_II

.y
.
| T S ——————

>7<0
-‘J
-'{l' ":.
L1

Thermal image .=

|-Fi.'—.i9.-ﬁ—.‘.‘
.
L]
L
.
L] -
L] -
L]
-
L]
Y

Visible image

7U7 3.3 nagdnssginaadlunstiuinnmwesumng

ﬁ Parallel lines of sight

Person baing absernvead

IR cameara

CCO camera

917 3.4 EunnsneaiuaeandesdunseaLazndas CCD
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Tnanisaniunitstuinawludneuzdreiuii auduldandedulingunlad
o % dl o i’/ aa o o a a rdsj A
N3 MUA LS NN U TURR LR FAMFLANE TN U Ae
Py Y  w = . ° , y ol o , A v o o
® | UaIaNNABINABNgNFsY (Fixed) Anunibsrasndasdnaumiaipanii Ay
W13 NMaFN17uwad (Transformation parameter) aziLNe LA ANGLNA (Scale value) Wa
N7@auATLUL (Displacement) Tuuwuauny x way y wint deazliinisfmesueanis

131 (Rotation) WiRended aslianfudiesinuniiansn 37 3.5 uanaliauuaunuaeanIn

+X

Fr

717 3.5 HUAUNUABININ

® A14ina (Scale  factor)  [13]  IR9AINWAUNINTIEDY 4 1N170ANMIRLAANN
a ' v v 1 o dl o K :j/ dl
W19 AMaT 189NA8 (Sensor parameters) bown s INAZN L lun1stiuAnATNT9d 89 T

ANUIUUNANZLNA AR
I:V
FIR

Sc = (3.1)

dl A o v % A o % a A 1
WA F ADTrarINARI89NABNAINIAY kas R, ABIZaZINid199NA89439 LAY Sc ABA
ANA

UANANNRLAT ANELNAL9D718 lANIAIN AT LT ENINNTADNFBINI1FTUANAIN

[ %

o kY dl Y o =K o o R dl | ] o dg/
LAZAINAR9N UUNN (I1AB4N1TRNNNTNNTZYAFNNNIW) [14] F95

d
Sc:Scoxf (3.2)
\

'
[

al & ) Py o R = Y o o
Imm le LN dV ﬂﬂ?&?ﬁlZﬂ’]\?@qﬂ')mqwm@QﬂW?UuVlﬂﬂqWﬂ\?ﬂ@'ﬂ\?ﬂ’)']llﬁ‘@uLLﬂzﬂ@'ﬂﬂ CCD

o |

FONANAL Sc, ADANAINALNANADITIABNRE TUALMULALIINY WA d i = d
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3.2 NSTUAUNITAURAU (Pre-processing)

%
o =

NTLLIUNTTURUN N WENUN AR UANL DN UST azilsznaufiag 2 NFLUIUNITUAN y

a

‘ag
Zhe

o =K

® N1915U1l39n W (Image  enhancement) A wAUNMTUANATuRDULINAZYN

%
=3

WnntFuilgeannuilseusng (Contrast) nnalunw walinnwdnan  Geinlalaanng

o

nazanaA1AMdN (Intensity) 290N (idnazdungueg Tudaemils <) Winszanasiaesix
799 0 9 1 18992ALINN (Gray scale)

® n31l3eiuaNnIn (image registration) [14,15] wasanyinnsdiutlaeninudn

nnsuneTsaessnnazgnin lkauduneunaglaziuanniw ietlfuuun - (Alignment)

1%

£% o :I/ aal o o -dl é{ 9/ a a u‘dy 4
PAINN I ATIAU IR UA WA TN T 2N UANATINA NN RN TE MU NS TN UEH a2 197

o o [ % o

puAAryiunistn lllszenadldiuninmanniauuazninasailumnan delss@nsninlu

@

nsinguanaas ligemnnuduaeudsnisisyiuannanndnisiniaua lueudsan1esuil

'
ada o

1P81m99 Ea9aNA s NWeaENIWE Aaanigloae lunnsun llld Tududan wasliuanaansuls

3.2.1 n15UsENURININ (Image registration)

dupendsnisdesiudnnmiimuauiasdullnudeduiegunldedue il

L%

1y =< o - = PR P PR T py ° |
u1a 3.1 GIN‘W%"mLﬁl@?ﬂﬁ?Lﬂ@ﬂuVIV}QﬂW'ﬂ%‘mszL‘WEN ANALNA LLATNNITLRRLANLLAUN
v

% o

(Displacement) Tuiuauny x uaz y Wil M linasdmesaasnisngu (Rotation) Tdgn

o a dldg/
tunangnluni

Template Image Edge Template Image Matching result

DA. 3 DAO ) DAO

Distance transform

Aj— A

Madel Image Dilated Model Image

A o e A = o o
gﬂ'ﬂ 3.6 AIBENTURDUITNITINEULALNIRAL)
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TuReudsrean19LsTiuaInIn (Registration algorithm) Az@g/LUNUTIULBINNLLLAEN

451 (Object matching) [7] @eazldn wdumisnmuilainaiun wsauuy (Model image)
4

wazldnwsun1sannnuilaiadlun wuiulLL (Template image) Taaininsauuiazgn

¥

IfinerinnisAunndngidngfunialuninukuuuy Asdaedeiuandlugdi 3.6 Geaziinas

[

Faaunaniadingdng (Object match measure) MUAAZAIMUINITAUNT AWML IHWAA

[ %

nadngdagAtNInga azidudumdsresingaisluninukusuundgiun Wiy

a
o

alx o o i’/ aca il/ o o dl d’f dld” Y o dl
Hued 4usudupeulsienuaresnisUsziuan nnw Lz lung @WNW?QLL@@Qiﬂ@Q?ﬂW

a

3.7

Wisible image Camera parameater Thenmal imaga
v — T Y

Scale Tackor Edge Datactian

— Scaling |e————

Adjusted scale factor

Edge Template Scale ‘ Distance
= —-

Detection e adjustment | Transform

‘ S Ecaled tamplate images  Model image

¥ ¥

Caleulated matching measure

using mean hausdorff distance
o locate the madel in femplate
image under translation

=R

Each of =zcale factor, keap tha

positicn in template image  that
minimum mean hausdorff

distance

Y

No
Is scale adjustment complete 7
Yes |

Find position in template image

Crepping Locata of mabching and scala paramater that

n template image minimum mean hausdarff

distance
Registered visible image Fegistered thermal image

31I7 3.7 dupaudsnIsUsEiuaInmN
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PFUABUN 1 NIUUA L ENINAINFWLTWATNALLY Az TEN 1WA T T AW H UL
dl £ 2 dld a 0I [~1 %3 dl o v

Ha4aINAeIN1s L EA NN A NA B E AN THATWANDBAINALLY WNe LT WA AWUN
° oAy | =2 aa = , X
Awmianidgnialun wukuuuy saduninidauazieaanialuningandn wazluni
ladnsinganina ufauLaznInass naruisninldldluaudunisnssasay
(Inspection) Asnanslugi® 3.8 wuaasiilunindantine aldainnsaueiuninnisg
AIUINUT89NINA TN s U AW AT ALa Tae lEn1nasa am 1920X2560 FaLAn
Tugi# 3.8 (n) untmuiuuuy TuaneinaweonuFeu 1uim 128X160 Awandlugli 3.8

(1) azgnliduninsauuy

ai U o/ 1 dl o % :l/ ada o o
719 3.8 nnAUN19FeE NN AR TUARLUAENTUTEILAN NN
(N) NINAI

(1) NINAINTBL

AUARAUN 2 KIN1FAAALNA (Scale down) LRININWLEULLLAY IaelEAgnai lin1annnng
AuansluaNngn (3.1) ({un1sU5uananaLtiadsy)
o o = 1 o 1 dl 1 dl ¥ ¥
AuFunstlasn wie A9 lug? 3.8 (1) Avdinanldazlduiainszey

INAZIRINIWLEBLLL (12.3. HAALNAT) UNsAessas WA 41290 NANNTaM (18 RARLNAT)

o

dy I ! o 12.3 3 [} i o
JU ANALNALNINL §=0.6833 %Qﬂ’]WLLNuLLUUﬁVﬁﬂ’]?@ﬂ’&Lﬂ@ (Scaled template

image) Waq AazlaUAWINTL 1749X1312

AUABUN 3 PAIRINTNINUFLARZ N ATBIN WL UL TUTUARUN 2 (Fausasian azin
1 d‘ 2 o . v v a o o
AWLHULLLN L HIN1N198AIUIANTN (Resize) adlHRI1NA INALAENALULNATRININED

1 v v v
wuL Ty A Lnil iatlidluingnzdn ANUIUIANINGARTL (Pixel per inch) UYBINTN L LLILIH
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NINNFIANUIURANTNABTITBINIWAIULIL ATURIFDIVIINITAATUIATAIN TN BULLLIA

1
a 1 o =

Aenen InEaziIn1sanIuInamae 173X230 annIn (Fuiunnganinildluinanfinug

a9
1% v
al

dl | dl [ £ 1 a o 1A v
) mmmnLﬂummmwﬂummmmmummqmmmwmmlﬂ@L

=

ABNTTUNIWAQ UL
1 dl ] o dl % o 21/ o a ?:/
WaaNAT NeunazyinnIsliuana alianatesingluninisaednsaiuanai
ANNUUEIA W LN ULLUANINTAARNALAZAATUIALAD LATNIWALULINININNG
R399 LA U TAE999m s LIEUIa LN Aen MU W9asATIAd LA uaR LAR 9L ALL
, . A v o oy o i = I
(Canny’s edge detection) #wniaanlda9asngaaduidureufingns againiduogas
o Y dld v ] ¥ o 0I Yo o Al a a
AATLLAUIaLUNE IATa199e e lunisaunnn Idsunisaansuqnlsz@nsninlu
o k% v o o % = a g k%
nnmgadLduaaLlan uarluFn9asnIad AU LA LALTAr A1l senatuaIng
19A9NTBIMLUINNE (Gaussian —filters) Hadinet] F9azdauannaudrynyiusunaulunin
walrnismgaduiduaauilulylsas1edlsz@nsnin @eainnismgaduiduaauazna i ls
Wn naeusawuy (Model edge image) WAXNINURLLNLLLL (Template edge image)

palugili 3.9

(2)

o [ ¥ = 14

NNN1IMIRALLAUI L FLFaLILAN

(n) NIwARLLEULLL (Template edge image)

(1) AAWARLFAMLIL(Model edge image)

2 a U P v | . 9 ~ 0
AURNBUN 4 ﬂfaumzmmwmummmuLmzmws}muLLNuLmuMmumumum 3 VLﬂVI'Tﬂ’]';T

= = [ . . ?;/ 1 ) ) = ://
WELILAENAIRE (Object matching) W1 ﬂ’W\PlI‘ﬂ‘LILLNHLLUU“’\%QﬂuWLLﬂVI’m’ﬁ‘@@@Lﬂ@ﬂﬂﬂ?fl Inel

'
a o [

nsfunana (Adjusted scale factor) liaunszisannnsamaainaninlidng luninwsn

1
% 1 o =

LUUUAZANIEWMLLIRAR dauinAunnnfgn duazinldaunsamdngidngivwas o
y ¥ v X

mumwﬁqLLuuﬁu%gﬂﬂﬂﬂﬁﬁmmmaLéﬁum@‘u (Dilation) l¥n319TuLdsnas weil

©

'
A ¥

[ o ai % a a o al o o K 3 %
Wumwsrzaandauuun g luananidnusi Ae nanaauFaunninistiunnisalindes

a =< o co v A P ¥ A
AUNTLTA Gﬁ\m@qﬂﬂ?m?‘]_lgﬂﬂ‘w (Sensor) MNADLAUDIFDAAAUAINTIAUNLNNTZANEUBRNANN
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o o o = '

PRy o = o o o o A = Ny, A o
AONARINITUUNNNTN ‘ﬂu@z‘wﬂumu’mﬂjm RN ucV]fﬂﬂ (ﬂ?'ﬂﬂu’]ﬂqmﬂm'ﬂﬂﬂqﬂiizlﬂqw

q kT
v 1

% = 1 J o a A 1 o o ] 19 ¥
AINNTAN) mjmmﬁlummwmmmqmqiumwmqmﬂmmmmmu mumwﬂm‘lum?
= = o a =® dl o o Y v d%’
NEULAENIANANANA AYAINATNINITVLN U ALEUIDLIRIN WA UL L TN 1921

1 (-7
Benew daluiiasldiannsulasszaznig (Distance transform) Nngaslunnssnedunay

n1sudasszaznng (Distance transform) [7] Lﬂumiﬁmqmm@zmmﬁzmwammwngiu

191 (Edge pixel) ¥304ANWNRANYINGAY 1 28900 ILIWIT (Binary image) fUannIwiien

] 1
o o A a =

1 e‘d‘ 1 b2 b3 .
WNNUALE ‘Vlﬂ%lﬂ@ UIANTNAUTBALUNNANTRININNQ A (Nearest nonzero pixel) 1ng
2LEZUNIAINAIEIN1TDNN IARINN1TU T L EZNII WU AN 7 WU NTIUNTEEEN UL
Chessboard s9axn19 (3.3)

max(lxl'xz|+|y1—y2|) (3.3)
dl A o 1 dld 1 1 o A o 1
B (x, Y1) PRANLNLIIBNRANTWAULIRUNNAWANTL 1 WAL (X,,Y,) PBATLALNTBIFANIN
dld 1 1 o a‘d‘ 1 Y o v 1 ¥ dl
ARAINTuAudENag IndduqanInEuLeY (x,y;) NINnd1aanwiduzeLaY
N1sUNTeaienINLLUL Cityblock FaANNIN (3.4)
|X1—X2|+|Y1—Y2| (3.4)
3 1
muﬁ*ﬁmmﬁwuﬁﬁ@ﬂ%ﬂﬂ@m@zﬂ::maLL‘uuqﬂam (Euclidean distance) A4&:1n19%

(3.5) TuN17ula9seasn 19N NI UAL WL

\/(Xl_X2)2+(yl_y2)2 (3.5)
0 0 0 a 0 0 0 36056 | 28284 | 22361 | 20000 | 22361 | 28284 | 36056
0 0 0 0 P 0 0 0 28284 | 22361 | 1.4142 | 1.0000 ; 4142 | 22381 | 2.8284
0 0 D 1 0 0 0 2261 | ratazg.0000 b0 1.0000 | 14142 ] 22981
] 0 1 1 1 0 0 20000 10000 O (] 0 | 1.0000]| 20000
0 0 0 1 0 0 0 22361 | 14142 10000 "0 [.1.0000 | 14142 | 22361
0 0 0 0 0 0 0 28284 | 22361 | 1.4142 | 1.0000 | 1.4142 [ 22351 | 2.8284
0 0 0 0 0 0 0 36056 | 2.8284 | 22361 | 20000 | 22361 28284 | 36056

(n) (1)
917 3.10 nansuLlaseaIznig
(N) ANRANINIBININTD NAUNINITULIAITZEIZNIY

() m"mqmmwmmmmmﬂmaw:mq
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o 1 a o dl (=3 v
WJ@E’NN@ﬂ’]ﬁ‘LLﬂ@\‘l?‘éﬁﬂZW’NLL‘]_I‘]_IENF']@G] LamP9A97LN 3.10 Sﬁ\‘i%mﬂmwmmwium@mi

U

b

| 1 1
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[ Cs =) a @ Y ] 1 a = 1 2

uwdassreznenliandugudaznunaneqanmiiiudurey douaqnninusinuneng o

AP o X 4 4w A
WureutuaziiAlet o uazasiinuIniuizes < iWeeg luLTaniieaInaan W uzew
aanll

Tuusazsataan1slfuAiaing nnaeLwNLLULI N sanamnaLafazgninlvin
MINULLALTRYALN WML NN UNNTULA9E81IZN19UAY (Distance transform of model
image) lag 1438199 ARAL sz e neaea@nas (Mean hausdorff distance) [7,16] Biilu
Wi lAaNNMNIz e singednasNasineng (Simplify hausdorff distance) [7,17,18] 1l
e lunsdnauaniaidngdng (Object match measure) wazinalidinalunisaifuaay
% dl o :J/ acl o o d‘ail/ o a ?/ ai o
Wnlangaiuduneudsni1sdssiuannin TuntasnInn3esu1edunaun 4 Juansnisaes
Tunausias fasallil

v
[

YUAAUN 4.1 NIN1TAAFNATAININUBLLEULLLAG IAEIENANANFNAWNAL 0.1 11391

A P\ J0 4 v o ey
wsn ANUUAZNATIURAY 0.1 liaunszianeanainanunigad ldin 1w anesnin
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wiwsiuaz llanunsatnnnlddszanuiuls
o o 1 o 1 all ¥ o 1 =X
A uFunnreuuiuLuLFa1e gl 3.9 (n) azldArana Sc ludas 0.1 D9
1.0 TneAnainaazgnifuauain Sc=0.1 lusauusn uazazinaunas 0.1 Tuseudald

AuNILIIAAINS Sc=1.0 Dawlun1sduganisliuanasasn naouLELuLL

AURBUN 4.2 i naausiawulininisulasssasniauuugpdn A3l 3.11

(n) (1)

917 3.11 man1suLlasseaEnITasn NI LA ULLL

(N) AINLRLFAILLIL

(1) NANTTUUANTZUENINIBINTNT AL A LLIL
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v ]
[ a o

YUADUN 4.3 UNHANITLUAITLaZNI9ABININELLL (Distance  transform  of  model

1
v o

image) Nlfarnduseui 4.2 wininisdumdagidngiunialuninasuwsiuwuy Tesin

q
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NsUNALRAtsTazineaadnas (Mean hausdorff distance) [7]
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nadngdmgnaeluminluwianls TnavinnnsAunnaeuldnaziuneqanin
UWAZTIA TWAUIAN NI 7] AZHNIIHININTIADINNATI AIUMABR WIS

AJ o VY | o 1 % zl/
m%mﬂﬁlmﬂumwmamiqm W FIEAINAANITAUNIUL °)

- wARAlTTETngEadnasn AMNUATINIBIAIIANIN (N8 TN IWHANIIA) 7

[ Le

Henllwihiugue msdauauInaan e (nnalunineanisgns) naad

[ |

v
viaugud  wazmandadeyaluninuanisguiandugudianun azlidn
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1. ANANNEANAIATINANAIGDILRAE (Root mean square error: RMSE) WaUIAIY

NANAIATIUINNINHAANELATNINEN9BY A9ENN1I7 (3.6)

M N

R(m,n)—MT (m,n) 2
RMSE = ZI”Z:;[ ] 30

M x N
P = Y a = o & & o
HA R ARNTNANNEN LAY MT ARNTNHARANTE 279U M x N ARAUIAUBNNTINNNIAAN

2. ANAUANAUS (Correlation) WAMIANNANRUTIZNINININENBILATAVNNARNS A3

ANN19N (3.7)

M N
D> (R(m,n) - R)(MT (m, n) - MT)
Correlation = wlnd (3.7)

M N M N
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3.3.1 nmswilasnsunansnaniLan (Discrete wavelet frame transform)

[ %3 d‘ v :j/ o 1 o o = v v v
WAIRINNNINFUNTERINN gnin llenunisissiuanninGauieauda nawsiv
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a = [~3 491 al o v o a al [~3
N7 AN TNARATALINLARTRAZHNNTZUIUNITNINNWARILNUNIT U AR RAATALIN LA
a A o a 6 o/ v dld [~
@funalilunanuan n) AeasnnTaATeidynyn Tneilgagasnseesnigduu i
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!
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1 o
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a

' A o - = o 6 vaa Ay aa =
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q

(Shift invariant property) S4aZLIUNARABNIINATNNTUTZE1UNN
S = {0 (k=1),., g, (k=1),h, (k=D)}. (3.8)

dl A 1 °l 7
e h A8 2937N9890UAN (Low-pass filter)

g AD WAINIDIHTUGY (High-pass filter)
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AzgNULNEfaeng ldAuesE1ang Filter taps AU 2' NusiazszAUNTUNDIALTENDY i

Si.1(K) = [h]Tzi *5; (k)
di+1(k) - [Q]Tza *S (k)

Tael s, AN IMBUNY Uaz s, AedNlsrAnanisusnesAlsznaunszdiy i=0,12,.., |

(3.9)
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Fryaneninunlusesdun K azaunmunuisaazdudss@ns LU Tuwunnnndydnenl

[
[

i v
ﬁ o/ o 6 o

An&nudnenil

7

]
=K ¥

1 - i v
il fosAeanvesdnlsc@ns LU Nogfluiu

AuAawuN 4 Walsuuuseas LU Faufasuan azindulszanslunuustas LUK

LH<Y HL uay HH! snadadluonmed 4 15 ierii ldiaunisdnngudeyados
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wAlA FPCM anase dsazynlfldiduniniundydneainsesiu k = K —1idwes dwmiy

nsdnngudayalusziu k =1,2,..., K -2 seld fAaziinisanfivanuludnmmuzidumnaaii

AUADUN 5 NAIAINTHHANITUAAIANUN RE . TEININATI LAZNANITUAAINUNTIBINN
ANFau RE . WAY azinan1snunisaasliviinisuiuigau (Shared region) R*

wiazsval k =1,2,..., K fauanslugiln 3.23

k
isible

uay RE

Thermal

i % I % !
717 3.23 Faeinann s viisan R anuanisuananui R}

(N) WANITUARSNUNDRINIWATI RE
@) HANIUEAINLATRININAINFRL RE

‘Thermal

(A) HANITLARINLATIN R¥

1
& A

¥ v 1 v 1 v
AUABUN 6 NuNN R NlFandunand 5 azidlusaauunliiunszuqunislszany

3.3.3 ngzuauni1slszd1u (Fusion process)

'
o

Tuniinovualy IR wudydneoizesninaoiufeu luanen V unudyansnd

2890 NA3 WAt yls (N[ p) 4AY W (N p) WILNWIERZREATNUNATNIIEAL k 19 7 Tag

'
= o

wNERFATA N =(mn)" gnlddusaiasiiusesduilsca@ns Aseaunisuenasdilsznay
dl ) b K K dl o
k LAZHOUANND p d9UNINNNTUIZNIUREYNUNUAEY yfs (N[0) UAZ W< (N|0) NzAL

- ~ =
ﬂW?LLﬂﬂﬂQﬂﬂﬁfZﬂﬂUQ\i’eﬁﬁ K NUAIIND p=0

nn959audNLlszaNan15U9z8e (Combination of approximation coefficients)
nassandudss@nanisdszunn yik(n10) waz v (n]0) azld3En1suALade

(Averaging method) fagun1s¥ (3.10) Tedlilunazsieannslfnszuaunisssauinanu
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L%

AINUFBATY Y UTLINIULLL Gaussian Taifludtyoyrassunaundnnuluninaauieu ns

indayannrinisadaazdisannatednyaynsunauas e

y.’é(nlo);y?(nlo) (3.10)

ye(n|0)=

N1999NaNUszaNEs18azL1a8m (Combination of detail coefficients)

4 Y [ 1
nssandnilsrdnsaeazidun vl (n]p) uaz v (n| p) T azgnutsasniilu 2 dou

AaNN99NA N sY AV N LA LT e d ey (Edge) Tunn LL@zmimmﬁuﬂi:Zmﬁrﬁﬂg
TR (Region)
e AN N UARIAN LML A9TALAZNILAINI9 TN AIANN ST (3.11)
yE(NIp)=yl(n1p) iiladlies v& (n] p) Miudslsz@nalusiumisrey
yE(nlp)=y (nlp) et ¥ (N p) Augunls@valumumisa

yie (N p)+ (N | p)
s

Autlar@naluAunisas il anniy

(3.11)

yE(n| p) = Waduis=@ans vy (n] p) waz y& (n|p) vl
] o [ % a Qr = dl 1 a dg/ dl a dgl/ d|| k
mwumuﬂimmmmzmﬂmmg‘lummmwum:wmamqmu‘wu‘wmu reR Ine

o e e o y 4\ - g o o

AENINITIAANTEALNLFANTTHUDY yii (rlp) HAT yy (rlp) NUARTWUNTANT AaluaunIen

(3.12) e af(rp) WN1EDIIZALNOFANIIN (Activity level) FBIufazNUAFIN T Auoy

AIND pUBININ s LB s=IR, V

as<r|p>=Ni{z

ner

r

i 2
Ys (nlp)| (3.12)

-V
o/

o a o s 7o = &
e N, Aednuaudulss@nsviavan lunungu r

N1FAUN{NUANETEAL (Multiscale grouping scheme)
TuNNAEiNIIM AN IZ AN ANTINAINNANANUSEANENHAINGRAAREITUAYN
-dl o I o dl = '
WOLANDLATNIZALNITUENBIALTZABL AL (r) naz- A, (r) ASENN3(3.13) (FUN9INNT
UNgNNATEsTAL (Multiscale grouping scheme) [8] F9azn11vinnadnaula (Decision)
aNNIANANTUNIAINANsrANT At saN wavyin Al scans lunnuuudtesuasynavsiy

nsuenasAlsznaugnaanlluiianamaaii

AR(r)=Zk]Zp)a.kR(rlp) WAL A (f)=ZklZp]a$ (rlp) (3.13)

N159AAIAMNLTINY (Match measure)

N1N193aAIANNENTY (Match measure) mly, Aaannsh (3.14) wialdilusasn
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a

Aulalunisidaanianissnduilszdns (Combination method) $E1M319385N9IAANAININGA

(Choose max) WA¥AEN1IMIANLRAETINUIUIN (Weighted averaging) tneiAn myg , (lp)

he

azgni hurauieuduiualiaGuilasy o

2:3 i (rlo) w (vlp)
MRy (r|p) = Ar (flp)+ A (rlp)

' = '

v ¥ !
NIUNAT Ml |, <@ ATUNIEAMNIININEUNNTIALS Db Aumaiuigan 1 1o 9 JAonw

(3.14)

v o Y v %3 :J/ =K o0 aca A 1 U dl A 1
dniuliden Awiuasasindsnisaanadiningannld aanilymiizasaauilzausng
(Contrast) 224N WHLNNTNABSEIUANGNAN U NUT 1 Tn - Asannisd (3.15)

< (rio) ) Vi (1IR)if A (rlp)=A, (rlp)
yF('p)‘{ycmp) it Ax (o) < A (1lp) (3:19)

! dd‘ ' k I Y o ' dlij dl ¥
doulunsiinan Mg v 2@ RCUNTEAIHITAMINLLINNRIEUINNNYN 1 n 7] RINTINWARNIN
b = o T R Yoo am . LI N o , = > o
NMNRAAINNN mum\ﬂmmfmm?mmm@ﬂmmwuﬂ NWI‘ﬂLW@M’]ﬂ’]L@@ﬂ“ﬂ@\W@Nﬂ@LL@?.:‘VI”I

nsaastmiindaya AIENN9N (3.16)

Ve (£P)=Wie (¥P)x vl (rlp)+w, (rlp) > ¥ (rlp) (3.16)
118 W (r), w, (r) AaANTINHNIN (Weighted) M lAanaunnei (3.17) Waz W, , W, ¥
15anaun19 (3.18)
w.o. o if rlp) < r
e 2t Al At
Wmax If AIR (rlp)2 A/ (rlp)
W, (rlp) =1=w, (rfp) 317)
1-m¥  (r
Winin Z%(l_%(lp)J e Winax :1_Wmin (318>

NSRS IAUNN (Reconstruction “image) WHalAdNTsz@nBnazan y& (rjo) uaz v (rjp)
AINANNIT 3.10 3.15 LAY 3.16 A1 Az1induilsLdnduasauieuuan b lliunssuaunig

#519AUNIN (Reconstruction) _Aaain1sulaanainnsuaaaTannias (Inverse DWF)  LiNe

aFadun wdszanu (Fused image)
3.4 n1sdsziNudsz@ansn I waadInssNIaN1sUsE @I UNNW
nn7dsuiiulsrdnsninaasnisuszanuninludnaninusatiudazFTaumauna

Aunssnaansdszanuninieg uuiugunsuenedAlsznaun ity Tnawsdaznssnis

aziinsldmaianaziiniuanadAlsenauuasansuzaasdayaninumuuansaiu
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3.4.1 NSTNATNUINIINISLUTEULNALNS

nssaREN 1 nsdszarunini@aannn taeldnisulasiselinuuuantanidien [11]

o linsuilasissiimuuuaniand@eu (Laplacian pyramid) lunnsuenesAdsznay

(@%m&iﬂummmmn n)

® N1939uNINNNTLTENNT (Combination of approximation coefficients) a2 1438019

VALRRg faaNnnIT (3.10)

®  N19IUNNLALLDEIA (Combination of detail coefficients) é’uﬂ‘a‘zaw'ﬁrmmfm y',‘:
azlAnanNnIsaenAININgR (Choose max) IngansninaInAtsTALngAnssu iy
TEALAANTIN (Pixel-based maximum selection) 184 yig (N p) 4AZ ¥ (N p)

ViR [ p) if [yl ) |5y (01 p)]

ye(N|p)=
v (N| p) Otherwise

=04%..,P (3.19)

N5FNAEN 2 N13UsvauAEantinsg Tnsldn1sutlasissinuuuanilanidey [10]
o ldnrsuilasissinuiuaidadmeulunnsuenadsilszney (adunsaldlunianuan n)
® 199NN NN THA AZlERENNIUARAY AIANNITN (3.10)

® N19IINATNIBATIAEIA AL ITIRNALTINENAG (Window-based) NIMNIN1TTAAN

u

szAungAnsIuazAtAa Nl e latianunisdnszAunginsanaes y<(n|p)
4 A
WA s=IR, V. AN
k
anip= >
Anew X (p)
LazNINNITAANIANENTNIENINS v (] p) waz v (n | p) Al

2 13"yl (0+ARp) Y (N+AN]D)
AneWk(p) (321)

af (N[p) +al (N|p)
dl Kk & £Z I A (% a ardla |dl a %
LR W (p) ARVUIFNNUUIA 1x1, 3x3 1198 5x5 ‘Emﬂmmﬂ@mw'ﬁmwmimwmﬁ ALTHEIU

U 9

2
yE (n+Anp) (3.20)

migy (N p) =

PAIULFNN WAL lEITNN99NUL LA RALDNUINMIN fail
YE (N p)=wie (d“ (N1 p))yik (N1 p)+w, (d*(n1p))w (N1 p) (3.22)
TaeANtasnnInaglduIaInNIzUIUNIIAAANlA dusunAazsvsuNITuanadflsznan k

o~ = o | o X
NUDLAITND p=0,1,...,P LASNALUUI N AU

wig (4 (N1 p))=1-w, (d* (NI p))=d*(n|p) (3.23)

¥

pry a - o = sL K A e LL =
HANITINLEARTNITAAAL LA d (n| p) HANANRB ﬂu
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1 if mgy (N p)<T and ag(n|p)>ay(n|p)
0 if Mgy (N]P)<T and az(n|p)<ay(n|p)

_mK
d“(n|p)= %%{M] if migy (N]p)>T and afz(n|p)>al(n|p) (3.24)

1-T

1 1 1—mk' nip)l .
E_E(%] if mgy (N p)>T and ajz(nN|p)<ay(n|p)

0o o . o o
AuduAandaan T la ]

nssaREN 3 nstlszarunnidsaanan laglinasulasbansanidn [12]

dnnsuilasiarsnnnian (Discrete wavelet) lunsusnasdtssnay (adunsldlu

NIANYIN N)
N17998N N9z AL lEATANIUNANLRAE AIANNTIN (3.10)

nMssaNN NNt azlegn azldasnasaendinIngalunisson TnadnAnszau

W ANeIN USZALIAAN N AL UNIINAEN9LsTaUNIN T80 1 289 P.J. Burt

NSNATN 4 n13UszdnunIndantingne Ineldnisulasfarsnnian [12]

dnnsulasparznnian lunisuenadsilsyney (asunsldlunianuan n)
[y : a e ~
N199INNINNNTUTTNN L AZERENNTAIANLRAE AIENNITN (3.10)

a ¥ Y a £ ' 9/?/ dld o 1
N1999NNMNINLALLREA A2 I EIa AL TN UENANLAL M IUAAUN19I9INNNN1TTARAN

U

FLAUNGANITNUAZATANNEIT I URERALNTNATN 19U sz A UNNTTN 2 299

P.J. Burt ag R.J. Kolczynski

ns5asN 5 naatlszarunawiisqaanan tagldnasulasnsuhansannian

dnnsuilasnsuparsnianian (Discrete wavelet frame) lunisueinadflsznad
[y \ a o =
N1979uNNANs U sz A3 8NN I ANRAE AIFNNITN (3.10)

N1sRaNnMIEaziaen arldqanismenAININgn InednAszaLnganssn sz AL

AN [WLAEAIUNIINABNTUsz AN N 591 1 989 P.J. Burt

N55NAEN 6 N17U7ZAUNINTINTNAN Taeldn1suladnsNRaATAINIAR

o linnsudaasupamnnnias lunisuanadmilsznay

®  N1399UAMATU TN X3RN ARAL F9ANNN9N (3.10)
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= Yy a % ' 9./2’/ a A o 1
® NITTINATNNTIEATLALUA @51‘?1%@34”@L‘N‘Mu’ﬁl?]’NLL@KT?%MM@MH’]??’JNWNﬂ’]?’JG’W’Y]
o a 1 Y o 1 a o ad Qdd‘

TTAUNGANTTNLRSATAITHLTTINU LULALAALNTINAITN1TUILA1UNINITN 2 2D

P.J. Burt 3¢ R.J. Kolczynski

342 anildnagay

A ldnegeuaziduninainudeu (Thermal image) wazn1nass (Visible image)
d‘ ) o K o v o o K 1 2 a
MMINTTTUNNEY AUU 5 ganIw TneninAnNFauaziInfstiunning ldndesdunsiiem

314 Thermovision@A10  A9lugiln 3.2 waznanaseaziinnisiiunningldndas CCD  avgn

Q

v !
NN 5 FANTNATYNUAANBBNLTIN 2 ANWUE A ANTNTIRIUNI9LsEiua N wELes

1
6 o =l

wazinanisdsyiuainaniduiiegiudianysal fuganniianisaainiaaaulunis

3

sziuannInau (Mis-registration)

3421 AN WANNANNTUSEILAIN N AR LT BFIUIEaNYsl (Perfected registered

image)

mmwmmﬁmﬂummwﬁﬂimm?ﬂszﬁuﬁﬁmw Tneldnsssiialuadedt 3.2.1 G
Tinnismeasuilsyansnmingldnislsziliunaidayana (Subjective evaluation) #aenns
AUNAULUITBINNBAAZALUUIIN T AN NATa A RNINTee e le wazldnin1sRsIaday
ANNNATLIBILUINTIN taeld Adobe photoshop AREN13919N INANNSaULAZAINA T LS
AFunIn (Layer) #1914 TSI (TR C IR AT VMNNEE PRS0 (T (FRVEUL, PIPTrare
ATIRERLANNATIIUTEIAT UL IUAI WL nnTmIadeuLlss@nininaananaaziiunng
R3agaUfngile (Manual) ﬁq‘ffuw@ma‘ﬂaﬁzﬁuﬁﬁmwﬁiﬁ@mﬂwgmmwﬁgﬂﬂ?uLLmlﬁ‘
pauiign %ammm%ﬁﬁuﬁwﬂmﬁdﬂ ﬂ;mmw%\i 5 *T:Lﬂuﬁmmwﬁ'ﬁm@m?ﬂi:ﬁuﬁ’]mw
anysal

Inennilszanu (Fused image) mé’ﬁfmmﬂ%ﬁﬂ;mmwm@hﬁiﬂﬁqmiﬂizmu azgn
iun1nenada (Reference image) Tunsmsaaaauilsz@nsninaesnssnianisssaiudn
AAnuAInNU (Robust) rﬂ'@mmmmmﬁ'faulumiﬂizﬁuﬁqmw (Mis-registration) u1Niag

el



58

Fan1wnagauy 1 waz 2 aziiuganiniainnsninllldluauniamuslsd laanas

pIvaduALLATITYAUILe Tnaninanfeuarliineazidanaasan denedladiviulunin

a dl a 4 a o 1 dl [ 1 o e aI/

a3 Turasinmasarlineazidunvesiuvianaueg e aglnalnsviad g
Tnannnageuivasgann azldn1nasaaun 1920X2560 9ANTIN LAZNIWAN

Foununn 128X160 40w Anmouiilu Tiff file uslazqanIwdauwia 8 On ArAdnwd

! |
P
L.
T -

NN MNANTAU

AN 256 szhU Alugih 3.24 uaz 3.25

717 3.24 gAnIMNAAELT 1

>

NN ANANTaU

917 3.25 AN NNAGELT 2

TANTNNARALT 3 azifluganindiatsnantin 1 lenunnsdugnarunssy (Industrial)
iuﬂﬂimm@mu@mmwu?@mm%@u’%udquﬁﬁmm%@uqaLﬁuﬂﬂﬁ ﬁqgﬂ"l,ummwﬁl 3ay
Hunmaednlunisnmamiudauifipasieniatu laannmageuasdnnaseaung
1920X2560 AN LATNINAMNTBULUIA 128X160 aanW anwauziily Tiff file wsiay

qanEIUIA 8 16 ANAMIENAANIW 256 TeaL Aalugili 3.26
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NN AINANERL

31l7 3.26 GANWNAALIN 3

%

TANINNARAUN 4 azifluganinnauisnin il lueunnednugnaniingsy (Industrial)

3

a o c o

TUN19M79AA0 AN INYTENI9ATIA AR UUTHINNITLIIANARATWI AsgluganIng 4 Az

U
]

Wunwsaatinglunizagsaageudlduinsinlua s delunstiinamnsoeiiiduaonny dalu

AN aaiul NNt ey andnnlEninA NTauiNaLdne TN lwaae uayld
a dl ds/o 1 a o rdld % a %
NINATUNDTA WML A A AT ENAnIN s Us g tiaeiu 1A

Tnaninmeaauazldninassaunn 1920X2560 4ANIN LATNIWANNTAUAIUNA

128X160 qan I Anwuztiu Tiff file usazqaniIndauin 8 in Aravnduqanin 256

iy
',‘

seau Aelugiln 3.27

NNAT MNANNTAU

91I7 3.27 AN MNAABLIN 4

AANINNARALTN 5 @zLﬂuﬂ;mmwﬁ'mmiaﬁﬂﬂ%"mmimm@aﬂuu?mmi@ﬂﬁf] VU 708
tinauman ik fagulluganndi 5 aziflunisudnssentinuuiy Funmaauieuas
mmzmmeiﬁLﬁmﬂﬂﬁﬁﬁunﬂguuﬁu zdfaumww?wuﬂuu?mmﬁﬁﬁmm@g’
Tnaninnaaauarldninazqsannn 1920X2560 AANIN LAZNINALINTDUIUIA
128X160 AN anmausiily Tiff file  wiazqan ndauia 8 Ua Apdnxduganin 256

seaul Aalugiln 3.28
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AANAR ATNANNERL

717 3.28 AANNNAABLT 5
3422 damMwALianIsARIALARAUlUNSUSENUANNTN (Mis-registration images)

o 3 v o AE d‘ o o o
nisanassgananliidunniinanisaainadanlunisdseiuainaw Taanisin
anMNHANNlseiudan Rasysnlluriode 3.4.2.1 aanisaeusuniell Tuiuaunu
X uaz Y 1wt 20 Tiv 420 annawn lasazasunigauazsnadanIsaaum el
NINANU X UAY -Y AULATEINNELINAZANITINI AR LA LNN9FIU +X uaz +Y
AINAAL
A dl 2 k%3 dl a dl
nani1sdszaunanvizaniniszarunlaainnisldganwiiianisaaiainaauly
nstlsesiuannandnesiu azgninliionislazidul sz@nsnwaesnssadinisdszau tne
o a 1 dl a dll 49{ dl 4 |
AZNINIINANTUITT LHANIMAANITAAIAAABUTW HaT8IN13Lszaun nd Tdaziiu
atingls HAouuansiasanuanisilszarunind ldaannasldganini ldiifianisaanipaey
(NMNE1984) 1nntaeiiaale Tnanssndanislszanunind lifean1sdssanuninlndiAsaiu
Y a = ) sl ] = = o
NEeBanNAazung st ENNAINAIIUABNITAAIALARBUEY TUNMH lUN1TTRAAN

InfAgsvirauansslsasuigldluiadain 3.43
3.4.3 i lunisdsziiunanisdszaiunw

1. AIANHNAANAIAIINANAIZDILDAE] (Root mean square error: RMSE) WAUIANN

NANANATIUINNINHAANELATNINE 9D AIANNTIN (3.25)

M N

[R(m,n)—MT (m, n)]2
RMSE = ZI“Z:; (929

M xN
dl A ¥ a A d‘ 14 ¥ d‘ a dll
N R ARNTINRINEAN LLAaE MT ﬂ@mwﬂi:muﬂmmmﬂmmmw*mmmmmmmm@ﬂu

ANTUTLRUANNIN 2% M x N ARUUIALBININGI484
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2. ANAUNANIUS (Correlation) NAUNIAIHANAUTIZNINNATNENBILALAINRNARNS A9

ANN199 (3.26)

M N
D> (R(m,n)=R)(MT (m,n) - MT)
Correlation = v Nm:1 n-l — (3.26)
\/[ZZ(R(m,n)—ﬁ)ZJ[ZZ(MT(m,n)—W)ZJ
=1 n=1 m=1 n=1
M N M N
. ZZ MT (m, n) ZZ R(m,n)
e MT=moslnl gy R=melod

M xN M x N



UNN 4
NANITNARDS

dal aa a Aﬂil dl Y
UNTALTUNITRAAINANITNARDIANNNTINATNI1TUT LAV BN VWEINUN TR eIN19 1k

a al [~3 d! 1 (]| A o/ o
WWINARAATEILINLAR T LD UABIA%Y AR HARINNITUTZALANNIN LAZHARINNIT
1924 UNIN NTUIZIUANNINALALATIZIT MALAA I UADUFILANANITHENUAL HANITHLIAY
FTETNN UATNANTIEUALNIRE 49Un19dszarunInazianinatesnisulasnsunansn

= v A

INLARVBINTNAUNIITIIA DS HANITLINANIN m@mﬁ?ﬂa?zmumwiumm%uuwgmdﬂ

v = o O aa ¥ IS
m‘wmumwmmmmmﬂumiﬂ@mummw wazHan19Lsza N IWIUNIEINAWAUN 19N

ANHAAALARDUILNINNAE TITIUHANIAINAINEANANA I uAaLN19s iU/ AW

4.1 n1sUsENuUIINNW

v
NNTUAPNNANITLTZALRININ AT INITNAAIHA LA T TUARUIE IR AN TN
dJ o a c i :l/ ac % o dl 4 ¥
Ui 7 WaENINTsAIITinavesuiazduneuas infeniu e ldanisodnlanageenis

o Y o
nse lAdmLaL

4.1.1 wansUsENUANNNLIBITANTNN 1

[
I b o

PUAAULLRIAU BN INasd N N sdsuanainatlesfnu s lfA1dmnatviniy

%:0.5611 WA Triaresn naseag NAIumMULe 10.1 Haduns uaslniazesninaaiy

o 1

FauntiNFIunie 18 NaaLums nasanninasliLandinaudn azin1sana UL AN INIas
nassliRaw Ay 173X230 ialianuauganinsieiia (Pixel per inch) 2990 WA34

TnARsaiunnAnsaun (Taslszunn)

z | % dl o = a o
nsuwanuay douiliflunimeaniduaauaasningunig el lunsmeuipasisg

18119099 7M99aU A UAD LU ULAT
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o

~ a = ) oo = A = =

Hasannnassluganind 1 ifunimditiunnluaauiin A2eqanIWAIIANAN
4 ° ! o ?/ | o ¥ 1 = o oA dl
dnadudounin Aaiunauininsiunisldiounisuanaeuazinisninuaandnlas
189A1A N TUg99 0 D 255 1aannaTe iineairadunineia-nanatuasn’ls
eazidanvastayaluiFouianialuninwld aegly 4.1(1) TnaAdanlaounldduiuge

A 1AL UAIANNIEUTN 4

(n)
91N 4.1 pamuuardarlagusasnIwassluganInwd 1
(n) mwﬁwmmmwﬁ 1

(1) NAINANR-AN NHFANNITANUUA AN AL AINTL 4

anuutinnIwa-atugl 4.1(1) $vinnisassanidusey Iaalunisassanidusenay
o = all ¥ 1 o dl o dlnl v 1 1
ANUUAATITALLARUUDIAINENAULTALYINAL 0.8 NAARLALIaLNNAINENERENI1AN

1 v
Anlasusnnaly

U7 4.2 uannanseanduzeueanwassuganini 1 Idannlaauminiu 0.8

L1l

waziuALNuNINATS nnANFauazgninaninnisuanaey TnanmunAIaaEueg

ANINENEULRUYINGL 0.6 HANNTUENTBLUAAIAIZLIN 4.3
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ﬂﬁ 4.3 m@mimm@mmumﬂmmmwﬂmm'aulummmww 1

(n) mwmwmﬂummmmwm 1

(1) ANLBLABININANNFAN AT AL AsinindL 0.6

N7 L HUNANITATIAN LA U AL
o a o ~ 9 \ o = o = ° ¥
AUIBUIBININATUATAINANNTaUR AT AT LA I InA LAY Taaznn i

= N o ' = 2
NITWNELLALNIRARNIE WASHAITNENFABIH
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Combining Level 2 Level 4
Scheme MSD Activity Grouping
Approx. Detail RMSE Corr. RMSE Corr.
1 LPT Pixel NG Averaging CM 39.578 | 0.4741 | 44.536 | 0.6243
Window
2 LPT NG Averaging CM, WA | 39.310 | 0.4772 | 43.771 | 0.6307
3x3
3 DWT Pixel NG Averaging CM 35.860 | 0.5191 | 43.464 | 0.6339
Window
4 DWT NG Averaging CM+ WA | 35637 | 0.5174 | 43.402 | 0.631
3x3
5 DWF Pixel NG Averaging CM 34.019 | 0.58392 | 42.780 | 0.6416
Window
6 DWF NG Averaging CM, WA | 33.922 | 0.5431 | 42.753 | 0.6456
3x3
Our
DWF Region MG Averaging CM, WA | 33.495 | 0.5436 | 42.206 | 0.6576
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Combining Level 2 Level 4
Scheme MSD Activity Grouping
Approx. Detall RMSE Corr. RMSE Corr.
1 LPT Pixel NG Averaging CM 15.523 | 0.9309 | 18.542 | 0.8960
Window
2 LPT NG Averaging CM, WA | 15.714 | 0.9286 | 21.583 | 0.8712
3x3
3 DWT Pixel NG Averaging CM 14.085 | 0.9413 | 17.011 | 0.9388
Window
4 DWT NG Averaging CM, WA | 14.717 | 0.9395 | 20.462 | 0.8988
3x3
5 DWF Pixel NG Averaging CM 13.136 | 0.9481 | 16.710 | 0.946
Window
6 DWF NG Averaging CM, WA | 12971 | 0.9491 | 16.482 | 0.9510
3x3
Our
DWF Region MG Averaging CM, WA | 12111 | 0.9545 | 5.742 | 0.9917
proposed
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Combining Level 2 Level 4
Scheme MSD Activity Grouping
Approx. Detail RMSE Corr. RMSE Corr.
1 LPT Pixel NG Averaging CM 20.595 | 0.7656 | 25.145 | 0.7629
Window
2 LPT NG Averaging CM, WA | 20.320 | 0.7687 | 22.690 | 0.7931
3x3
3 DWT Pixel NG Averaging CM 19.156 | 0.7853 | 22.044 | 0.8281
Window
4 DWT NG Averaging CM+ WA | 181423 | 0.7925 | 21.732 | 0.8304
3x3
5 DWF Pixel NG Averaging CM 17.893 | 0.8073 | 21.116 | 0.8518
Window
6 DWF NG Averaging CM, WA | 17.665 | 0.8115 | 19.727 | 0.8356
3x3
Our
DWF Region MG Averaging CM,WA | 17.818 | 0.8078 | 11.899 | 0.9285
proposed
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luntaznanatenisianasmlsznaudnnnaasn (Discrete signal) [1,2,8] lu
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dgy (1) = (x(K), v, (K))

e TaunsnudasnanisulasagaTnanidnaesdnin xel, ldasannisi (n.5)

X(k)zzsu)(l)(ou +sz(i)(l)l//i,l (n.5)

lez i=1 lez

= o a Qr = A o/ a Qr a
ARANLTZANTINUAZLALA WAL Su) ABANLTzAnan1stlsrlszaaniaaenisulasna

I,

I,

4
Wa d
al [~3 o
ATALNIARINATYNDL X

Tudauaasnisunfansaianllldlunisammzddypiuniwine ldlunnsg
1sz@nuiiu M A tALN1TuaRIdaNN13N (N.3) kay (N.4) 2e9n17ulaaanidasiaaind af
IuLWﬂNﬂﬂﬂQQ@?ﬂiﬂﬂﬂﬂ’]\‘]d’mLL@%ﬂ’]ﬁ‘@ﬂ‘ﬂlﬂﬁq\I’@ (Down-sampling) FaRNNN9N (n.6)

_ al/2fWT
Say () =2"7[hy =X,

: (n.6)
d(i)(l) = 2Ilz[giT * X]¢2i(|)



135

A = Y Y -
We i=12,..,1 waz [],, wansienisandagamaunniaas m

o (% a =] <
nsueanadndsznaunInmgnIslaIRdAsALINLAan

(-7 1
Tuntazasunalienisindsnisulasiarsnnidnunssgnd liinauanesdilsznay

nw Aauanalugiln n.3

oolumin

S~ -

=, &l 2 s i & Approximation
W T— L

L ¥/ il coefliclents

column

P
Y 1
| \n— +? - >
¥ Golumn
I - — B, wl 4 Horizontal datal
\/ 9|_|71+ Vi @ LH™ poutents -
Inpust L6
eolumn
L 4 e ' + Wertical detall
rotenl il . —|"_‘_i—|K .‘. "1:" = HL cosficients
- Ty
- 4
E— g | 2 codumin
= gLy i —= — EH'™* Disgonal dotal
| 9 | * 2 - coefficlants

317 n.3 neztnuMsLlasRaRsaWIAR NHsTzAUNTTUINaNALlsENaL
(n) n1swrlasdaAzeLINLAs

@) nuladnAURARTANNIAR

pa? i Ae svdUNITLENaNALsENa LN

LL® Aa d0)ey tuBunynisanInsiunig

LL uay LL™ Ae duisz@namidasunaiinassii 1as i +1 anuais

&
=

LH uay LH™ Aa du172An5918a2108n luisouaunsssiii wagi +1a1Nansil
HL uay HL™ Aa dudszdnssuazianaluiindansssui wagi+1a1uansl

HH' waz HH™*! Aa du192Rv8378 8@ s a luionuieNNssau i wasi +1ANNansl

o dla dltilj AI % 3 dl o/ . ¥ o
nsuanadAlsznatA NI Nan s il azisusulenasAtlsenaunseas i a ] AENITUN

Arynyroudunmvisanindunng LU liinuosasnsasiausn h (Low-pass filter) wazqsas
v

¥

v
m‘mmugﬁq g (High-pass filter) mnﬁumn’mm%’@g@humm (Column) Aagunnmas 2

[ D

TnansifiuennzAnaumdeATilg (Even index) 1avdayaluuuads inlidnyninbunm

u

gnuanaaniily 2 doupe dnilsr@nsiuuustiesaaudan LU (Low frequency band) @9

|
=

Tidayasesananin (Texture) uazdnilss@nanuuustiasndnungs LH' HL  uaz HH'

. dwI V34 dl 3| A ¥ o ?:/ = ° 1 2’/
(High frequency bands) sﬁﬂummﬂ@mLﬂumaum@mm@mmqmq AMNUUIAITUNLUALBENN



136

a9 lliIU29RTN909HI WA h LATI9aINTatHIUge g anAsY LaaiInnsandayalu

o A ¥

uuauey (Rows) Aasuvinined 2 Taanaifuienizanfinnumbsatiduesdeyaluuuiuey
v LSt aeianun 4 wuud A LU LH HU wae HH' fiflannuasidaaluuuad
LATLUILAUAAAY 2 Win Beiluduaiaduduneunisuanesflezneulussdud i drvduilu
32U i +1 agfiarsan LU dludunnuassilunsduiasiely

dl o 1 o ¥ a = =3 d‘
7U9N N.4 LERIAIALNINTUENANALTZNALAINAUNTULANAZATALINIAR NABY

u

'
a o

seduntsuanesdlszney Taaldnandun19aavgli n.2 Feaziiiudnfssdunisuan
& o dl dl o 4 dl ¥ = ¥ ! dl [
asflsznanluszAunuis wuudedeai liaziauinanaeaINAINFUNIg 2 11 LaTsTAy
. o QII o 1 dl ¥ a o1 [ dl dl
nsugnesdlsznavlussdunaes uuusdesfldaziizuinanasainuuudtias ussAunnui

2 %11 YUARARAIANNAINAUNIN 4 191N

Twi Step DWT Decomposition
. .| o

20

120 . 2 : L
20 40 E0 &0 100 120 140 160

91I7 n.4 FatinsuaninisuanasALlssnaunansaansul aaRaATALIAR
A893vALNTHENaALsENaL
f1 n AesunugzAUTaINITLenasflsznatnan nansuanasdlszneaugaiinaay
Tounudeasanunan  LL uisunuseles uazlduuudtesnauigs LH, HL uaz HH
) - = a @ N
WuuA 3*n wuustey wazidesainlunszuaunisresnisiladsgasaianidnazidunauy
o ¥ [ % i’/ =X o % a = @ A a dl
189n17anauINdeya AsiuaminlinisudasnarTanNidntauanTRLlsnINn1sAe Y
=

. . dI ac d‘ 1 dgl/ a = @ @
(Shift  variant) sﬁ\‘lﬂ‘é“illflﬁﬂq?‘]J?5@Wuﬂ’]WW@%UHW‘Nﬂ’]uﬂ’]?LLﬂ@Qﬁ’&ﬂ?[”]L‘J‘V\IL@Wﬂ@ZN

AuaNTTRsaunis@anlildos



137
NMANUIN U

msfﬁ'mn@:uﬁ"aga (Data clustering)
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=
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A. A. 1997 Tne James C. Bezdek [6] AaanisldAntazanndn U =[u, JuazArn1nzini
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ABSTRACT

In this paper, a region-based multiscale image fusion scheme
using discrete wavelet frame (DWF) is presented. We apply
the fuzzy possibilistic c-means clustering (FPCM) to segment
the region of source images. Thus the multiscale region
representations are obtained and then used to guide the
subsequent fusion process. We perform an activity measure;
the match measure for both detail and approximation images
but using distinguishes decision process because of their
different physical meaning.

The shift invariant property of DWF results in the fusion
scheme invariant under translation. Due to region-hased
approach, the fusion process becomes more robust and avoids
blurring effect and high sensitivity of noise. Experiment
results indicate that this scheme works well in multisensor
images.

1. INTRODUCTION

In the past few years, many multisensor image fusion
approaches has developed. Most of these approaches were
based on merging the multiscale decomposition (MSD) of the
source images. Due to the development of wavelet transform,
the discrete wavelet transform (DWT) [1]-[2] has become the
most commonly used MSD methods for image fusion. The
DWT leads to using a two directional filters and subsampling
process to perform the decomposition of an image into
several components, each-of which captures information
present a given scale.

It is well known that the DWT yields a shift variant signal
representation by the subsampling process. This means that a
simple integer shift of the input leads to complete different
transform coefficients. Thus an image fusion scheme based
on the DWT will also be shift dependent. One approach to
solve this problem is related to the concept of discrete
wavelet frame (DWF) which is a type of shift-variant DWT.
The DWEF is similar to the DWT, except that uses dilated
analysis filters and drops subsampling process. Thus it leads
to translation invariant and is available for the image fusion
[3]. So in this paper, we developed an approach based on
DWF for combining multisensor images. It confirms that the

fusion result will not depend on the location or orientation of
the objects in the input sources. Furthermore, it appears that
objects carry the information of interest, each pixel or a small
window is just one part of an object. So this paper proposed
the fusion scheme based on merging the region. As a result,
each object in the fused image will be described by the data
from the clearer of the two images and the fusion process
becomes more robust and avoids blurring effect and high
sensitivity of noise [4]. In the fusion process, we apply an
activity measure and the match measure to perform the
combination of the approximate image which is similar to the
combination procedure of the detail image, except that using
distinguishes decision process. As results, a fused image can
be retained the most important visual information found in
the source images and contains a more accurate description of
the scene than any of the individual source images.

The paper is organized as follows. In section 2, we briefly
introduce discrete wavelet frame. The proposed region-based
fusion scheme is described in section 3. Section 4 presents
some experiment results and the conclusion is given in
section 5.

2. DISCRETE FRAME TRANSFORM

An overcomplete wavelet representation, called discrete
wavelet frame (DWF) [5], which is similar to the discrete
wavelet transform (DWT), except that uses dilated analysis
filter and drops the subsampling process occurs between
levels of decomposition. Figure 1. shows that an image is
decomposed-into four frequency bands after one level of
processing: low-low (LL ), low-high ( LH ), high-low ( HL),
and high-high ( HH ). Thus, a DWF with N decomposition
levels will have M =3% N +1 such frequency bands. Each
frequency band consists of the same number of pixels than
as the original image. If LL® is original image, at each
decomposition level i+1, the input LL' is decomposed into
four frequency bands: approximation image LU and three
detail images LH'"™* | HL'™ and HH'™. The processing is
recursively applied for each decomposition level, where the

prototype filters [h],; and [g],,; are obtained at each level
i +1 by inserting the appropriate number of zeros between
In the next level,

the taps. LL™ is new input to

produce LL*?, LH'*2, HL'*2 and HH'*2.
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Figure 1. The i+1th level of the 2-D DWF

The algorithm complexity of the DWF is the same for all
iterationsO(N logN) . Where N refer to the size of the
image [6]. The DWF has the advantages of translation
invariance and aliasing free. These two properties are
particularly desirable for signal representation and analysis
and important for texture segmentation and image fusion.

3. REGION-BASED IMAGE FUSION
SCHEME USING DISCRETE
WAVELET FRAME

A region-based image fusion scheme using discrete wavelet
frame shows in figure 2. First, the registered source images
are decomposed into DWF representations then we perform
multiscale region segmentation on DWF transform of source
images to obtain two multiscale region representations. Next
we produce the shared region representation by overlapping
of these multiscale region representations. For the fusion
process, we perform an activity measure; the match measure
for both detail and approximation coefficients but using
distinguishes decision process because of their different
physical meaning. Detail coefficients have large absolute
values correspond to sharp intensity changes and hence to
salient features in the image such as edges, lines and region
boundaries. Thus the large absolute values of detail
coefficients can be taken as a local energy measure of its
salience. The approximation image is a copy.version of the
original images and may have inherited some of its properties
such as the mean intensity or texture information. Sometimes
coefficients with high magnitudes "do' not necessarily
correspondence with salient feature. Thus the activity of an
approximate image may be not-only based on-local energy,
but may also based onentropy, variance or texture criteria.

For combination algorithm, we use weighted averaging to
combine MSD coefficients, where the weighted are
determined by the decision process, and perform a multiscale
grouping (MG) to consider all the corresponding detail
coefficients in the same region location, all bands and all
decomposition level together and just consider in the same
region location and all decomposition level for
approximation coefficients. It ensures that they are all fused
the same way and taking into account the spatial, inter- and
intra-scale dependencies between the coefficients. Then the
match measure is computed to quantify the degree of
similarity between the sources. At region locations where the
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source images are distinctly different, the combination
process selects. But at region locations where the source
images are similar, the process is weighted averaging the
source images. Finally, the inverse DWF transform is
executed to obtain fused image F .
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3.1 Multiscale region segmentation

Here we adopt multiresolution (MR) segmentation algorithm
based on [7]. However, a segmented technique used in [7] has
some disadvantages because of the noise sensitivity defect of
fuzzy c-means clustering (FCM) [8]. So, we proposed to
apply a fuzzy posibilistic c-means clustering (FPCM) [8] to
segment the region on DWF representation. Since FPCM can
solve the noise sensitivity defect of FCM and also overcomes
the coincident clusters problem of possibilistic c-means
(PCM).. Thus-FPCM is one-of fuzzy clustering to be more
suited to deal with the imprecise nature of information,
including multisensor data, than FCM and PCM. At the
beginning step of the multiscale region segmentation
algorithm, when the source images are decomposed by the
DWF transform, the four frequency bands at the
decomposition level K (K is maximum number of level):
low frequency band LL¥ and three high frequency bands
LH®, HL® and HH" are constituted to four-dimensional
vector which will be used as the unlabeled data. Then we use
the FPCM to cluster the unlabeled data into a given number
of classes. So that we obtain the region  representations of
level K in which each different value is indicative of a
different region. It well known that each frequency band of
the DWF transform consists of the same number of pixels



than as the source image. So we can produce the new low
frequency band of level K -1, LL™ by substituting each
coefficient in LL*™ among the same region with mean of
coefficients in the same region. An example of new LL™
producing is illustrated in figure 3. Then, the new four-
dimensional vector of level K —1 is constituted from LL*™,
LHX, HL and HH ™ for use to be the new unlabeled
data of FPCM. Forthe nextlevel k =1,2,...,K -2, we use
same method above to obtain the region representations of
the next level.
L Mew LS

Eagh coetiiciant n LL*' ameng
the: =ama regian & subsstubad

by 1he mizan of coelficient in the
BEME ragion

Mean of coethiciems M
inthe sarne region ~ 0

Figure 3. An example of new LL“™ producing

After the multiscale region representations of image X and
Y is obtained. A shared region representation R¥ is
produced by overlapping these multiscale region
representations [7]. An example of represent the shared
region shows in figure 4.

@.

region
representation of image Y , (c). shared region representation.
Figure 4. An example of represent the shared region

representation of image X,

(b).

region

3.2 Fusion Process

We use the symbol C2 () and C2(p) to denote the detail
and approximate coefficients: of _source -images s
respectively, where s=X,Y . Let p = (i, j,k, 1) indicate that
the index corresponding to a particular DWF coefficient,
where (i, j) indicates the spatial position in a given
frequency band | and k ‘is decomposition level.'Notice that
the spatial location of each coefficient in the MSD
representation will be either on an edge or inside a region. For
the coefficient whose spatial location is on edge, its activity
level will be measured by edge fusion in (1).

C, (p), only if C, (p) is at an edge
C, (p), only if C, (P) is at an edge
Cyx (P)+C, (P)

Ce(p) = 1)

both are at edges

For the coefficient whose spatial location is in a region, it will
take activity level of this region as its own activity measure.
According to the shared region representation r e R¥, the
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region activity level and the region match measure are
computed.

For the detail coefficients of each region r e R¥, the region
activity level of detail images AISD(r) based on local energy
is computed as.

1 2
AR === > C2(P), s=X.Y B
" Co(pler
where N, is the total number of pixels in region r and
CSD(f)) is the detail coefficients at position p.

For the approximation coefficients which may have some
properties such as the mean intensity or texture information.
Thus an activity measures may not only based on local energy
(2), but may be based, for example, on local variance or
entropy. The region activity level of approximate image
AISA(r) of each region r e R* based on local variance is
computed as.

1 - —
AN =-— > (CAB)-CHn)’ 3)
" cl(pler
where c‘SA(r)zi D> Cip) and CH(P) is the
r cl(per

approximation coefficients at position p.

The region match measure of both detail and approximate
images are computed as:

2. Y Cx(®-Cy(P)
Cy (P)er,Cy (P)er (4)

Ax (r)- A ()

where M,y is match measure and C, (P) is the source

M yy (1) =

coefficients of image X at position p, C,(P) is the source

coefficients _of image Y at position p. All composite

coefficients are obtained by the weighted average.

Cr (r) = wy (d(r))-Cy (r) +wy (d(r))-Cy (r) (5)
where the weights are determined by the decision process
which. is made globally for a group of detail coefficients for

all bands |, all level k -and location of region r e R¥ as
W, (d(r)) =1=wg (d(r)) =d(r), with

d(r)

1 fMy@<aad Y > A0> D D AW,
Al leels All bands Al leds Al bancs

0 fMyM<aad Y > A< > > A,
_ Al levels All bencs Al levels All bencs

Wy I My>aand D5 > A®> D > A,
Al leels All bancs Al leels Al bends

Wax EMy(>cad D > A< > > AW
Al leels All bencs Al ledls All bands

(6)

for some threshold « , where « =T, for decision procedure

of detail images and « =T, for approximation image which



is just made globally for a group of coefficients in the same

location of region r R¥ for all level k . Observe that in case of

apoormatch Myy (r) < a ,the  selection mode is adopted to

fusing the  source coefficients inregion r . While otherwise, a

weighted sum of the sources coefficients will be used. After the
composite coefficients are obtained, the inverse DWF transform

is executed to obtain fused image F .

4. EXPERIMENT RESULTS

In this section, we have tested our algorithm on a pairs of
registered source images depicting the same scene and no
pre-processing is performed. The pair of images is visual
image and infrared (IR) image show in figure 5. While in the
IR image of figure 5(a), it is easy to clearly observe the
person in camouflage form the background but it is hard to
distinguish in the visual image of figure 5(b). In contrast, the
easily discernible background in the visual image is nearly
imperceptible in IR image. We have chosen the number of
decomposition level is K =2 and perform the multiscale
region segmentation by using FPCM to classify all the
unlabeled data into 4 classes. Figure 5(c)-5(f) show the region
representations at the first and second level of the IR and
visual images. The overlapping of these region
representations  will ~ produce the shared region
representations which shown in figure 5(h)-5(g). These
shared region representations will be used to guide the
subsequently fusion process which using an activity based on
local energy (2) for the both approximation and detail images,
but distinguish the decision process.

We have compared our algorithm with some examples of
fused images obtained by some of the fusion-algorithms
which have been discussed before.

Algorithm1: A pixel by pixel average of the sources
Algorithm2: Burt’s method [9]: His implementation used
laplacian  pyramid  decomposition. The composite
approximation coefficients are taken to be average of the
approximation of the sources and a pixel-based maximum
selection rule with AI2 () =[C2 ().

Algorithm3: Burt and Kolczynski [10]: proposed to use the
gradient pyramid together with a combination that is based on
an activity measure in (2), match measure and weights are
computed as in (4)-(6), except that does not perform
multiscale grouping, with a 3x3 window centered at the
original and a threshold T =0.85.

Algorithm4: A pixel-based image fusion scheme which is the
same combination algorithm with Burt’s method [9] but
using a DWT for the decomposition.

Algorithm5: A window-based image fusion scheme which is
the same combination algorithm Burt and Kolczynski [10]
but using a DWT for the decomposition.

Algorithm6: A pixel-based image fusion scheme which is the
same combination algorithm with Burt’s method [9] but
using a DWF for the decomposition.

Algorithm7: A window-based image fusion scheme which is
the same combination algorithm Burt and Kolczynski [10]
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but using a DWF for the decomposition.

Figure 5. The source images to be fused (a) IR image; (b)
visual image; (c) The region representation of IR image at
level k=1 (d) The region representation of visual image at
level k =1; (e) The region representation of IR image at level
k =2 ; (f) The region representation of visual image at level
k=2 (g) The shared region representation at level k =1;
(h) The shared region representation at level k =2 .

In. this paper,~three -evaluation criteria are used for
guantitatively assessing the performance of the fusion results.

1. Standard deviation (SD)
The standard deviation of the image is defined as follows:

s0=,[> (99 (o) )

where p(g) is the first order histogram probability. So the
intensity distribution of an image is denoted by

P={p(0), p(D)..... p(9),..., p(L—1)} and the grey average
value of the image is defined as

§=L§9'p(9) (8)

The standard deviation is the square root of the variance
which reflects the spread in the data. So a high variance
indicates that image will have a high contrast, and a low
variance indicates that image will have a low contrast.

2. Entropy (H)



H :—f p(g)10g, p(0) ©)

where p(g) is probability of grey level g of fused image
and L is the maximum value for a pixel in the image. The
larger entropy is the better fusion results we get.

3. Overall cross entropy (OCE)

OCE(X;Y;F):CE(X;F);CE(Y;F) (10)

where CE(X;F) (CE(Y;F)) is the cross entropy of the
source image X (Y) and the fused image F .

< Py (9)
CE(X;Z)=Y p,(g)log,
(X;2) ;p(g)og 0. (@)

The smaller overall cross entropy is the better image quality.

(11)

Figure 6. shows the fusion results of a visible and an IR
wavelength images. Using our algorithm, texture information
or mean intensity and contrast is retained by using the
decision process of approximation to select these information
found in source images. And, the best salience is selected
from each of source image by using the decision process of
detail images. As results, in the fused image, most of the
background is selected from the visual image and the region
corresponding to the person is selected from the IR image. It
can easily to see that the person is in the push and the
background have cleared. The evaluation results of various
fused images are compared in table 1. It shows the standard
deviation of a region-based image fusion algorithm using
DWEF proposed in this paper is larger than algorithm1-7. This
means that the fused output image of our algorithm is a better
contrast image. For the entropy measure, in table 1, our result
is larger entropy than other algorithms which indicates the
fusion result is better information content. Furthermore, our
algorithm yields the smallest overall cross correlation. This
means that the fused output image of our algorithm is more
similar with the source images.

Table 1. Performance evaluation of the eight algorithms by
using three criteria.

Fusion Method SD H OCE
Algorithml 19.5975 6.0641 0.5139
Algorithm2 22.0870 6.2991 0.3477
Algorithm3 22.0998 6.3010 0.5026
Algorithm4 20.5362 6.1899 0.4166
Algorithm5 25.6727 6.4794 0.4677
Algorithmé 20.7777 6.2077 0.4124
Algorithm7 25.5242 6.4793 0.4644

Our algorithm 31.0996 6.8289 0.2739

5. CONCLUSION

In this paper, a region-based image fusion scheme using
discrete wavelet frame (DWF) is proposed for combining
multisensor images. The advantages of distinguishing the
decision process of approximation and detail images. A fused
image can be retained the most of important visual
information found in the source images and can contains a
more accurate description of the scene than any of the
individual source images. Due to region-based approach, the
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fusion results are more robust and avoid blurring effect
and high sensitivity of noise. Furthermore, due to the shift
invariant property of DWF, results in the fusion scheme are
translation invariance and aliasing free. Experiment results
show that proposed algorithm outperforms other algorithms.
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(a) Result of algorithm 1 (b) Result of algorithm 2

(c) Result of algorithm 3 (d) Result of algorithm 4

(e) Result of algorithm 5 (f) Result of algorithm 6

(9) Result of algorithm 7 (h) Our algorithm

Figure 6. Fusion results of IR and visual images
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