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ABSTRACT

This thesis presents multi-temporal cloud removing using adaptive Kalman filter. Some
picture weded to delete a cloud and a original picture does not have cloud to in picture. It can use
a Kalman filter theory which does not a continuous type for solving the problem. It will get an
output data that the picture is already remove cloud. It has to use with many different raster scans
technical to make an output completely. That is the pictures which want to remove cloud it has to
pass a Kalman filter for the calculation process by put pixel and be executed on horizontal line,
stand line and diagonal line. And then, the results of average are calculated of 3 scale leads to
output,

The picture is used in the test obtained from the LANDSAT-5 TM satellite picture that is
only a part of post 129, row 51 total 2 pictures. The result of Kalman filter tested by using several
axes and can remove cloud picture completely from picture when compared with original

picture.
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' & of =) ' J U L) ' =
ahavteiia dadunaldnndalaunsuinguanmdauinajeydn nuvesdalaunsy
nquaanmiiadee ldnmaeudniladsiieiusugiii 2.2(n) sz Isalaunsuiaonandes
Tugnz.2m) Tunsaiaseddinguyanmdminglsingmediumigees ldnmiiadnedsgl
{ & =t = = ' a '
#2230 S lWaalaunsuiiaeandesluzilil 2.3(w) weszajlldi laodndudadan
sedummuan ldeudwalisa Taunsunlaou Tnsilasdeyannmsulasunlaseela

et a
unsueziuIsmslssulanairaga (5]



UM

P o

1 ar -
Vi Nk » + , 255 Eaua
(1) NMANUANUTINA (v) aa latnsuNaoAnand

71 22 amiiSinnuahediiddlaunsuiireandos

(M) MINAUANNEA NG (v) B launsuiinenndns

slit23 mmitiisomahegeiugalaunsuiaeandes

2.3 msmnenlgiu (Convolution) YOININABINGA

3 mahnouTagiu landnaudaneiiuTinsiszuianamangy vz DIRITE
Aun1sMIATYYIMTUNIU (Noise removal) A3 UOUNEUFIIUA (Enhancement) N1TATIVVY
9 i 1 o 4 3 U ° L o oo
(§uuoy (Edge detection) A1 9 Tunm iludu Aouiie nanamneu lgFuraay
E [
Hu vzveeiuisaamniney Tagduvesdgyaa deiiiosluunuaineu nndyninis
a oo d o = ' 9/
Snszisruudmnidyaauouzaon £(r) Wudyguduyaihgszuy Al v ld
o ¢ d aa & ¥ e ¢ .
Ay ue1ana (Output) 1y g(r) F3msnugniudyaue1ana lu lawy (Domain) A7

120nms 19BuRnT Ao (Superposition integral) NA1IAD



g)=[" f(@)ht-r)dr 22)
viowouiudaydnuel 1l
g(t)= f()* h(r) (2.3)

y o) o a
e « * »ilumsneuligiu

1> h(t) c==>" (1)

71 2.4 wunesdyyIuIBTULFUTY

° = o A ° [ aa o o
Tuviesiaafuiion W szgnanydyaunosiia Tas W Feyguduye il

r(4,7) antloushgazun A(Z,n) wiidygnaevinafie g(4,n)
gm =" f@Qhi-on=Q)dodd = @4

Tumafirdedoyanmidnuaziiuaiaea ozt i dy j Jusudumion (Discrete) vos
[y o - [ ar v o ' [ = - 1
o fu Q Wuhueslivadu x du p Hurfumiteues 2 fuz  aun1sil 24) Wouln

eI

g(x, )= 2.y fl, Hax=1,y=J) 2.5)
T

o a ° o aa ¥ J = o
aumsi 2.5) umsinoulagdunuuainea Tavezlvinasiunsounquivunves auls
5 4 e o o : o
i oy j Wil £(x,y) dunmduniy vush Ax,y) iHuWan9uszu (System function)
& 2 - ' & '

& nantansBont muman (Template) Taovialudrvuiaves mumansziannivuig
9 ') s e o = = o o - o v

vosnmAuntiy nazinddnyaitiugamaousaiauina 3x3 vie 5xs ganw iuau
MnpuANIARDNNUANY (Commutative) YBIMIAUIUNIAINDU 1I9FU [6] auns

7 2.5) WouIna 18y



gx,y) =2 f(x=i,y= DA, J) (2.6)
o

Sodugunuman kG, /) v 5xs yaguinansveamuwansgi h(0,0) aumsh (2.6) 9

Wowmiu

2 2
gix, )= Y f(x=i,y~Dhl, j) @.7)

i==2 j=-2

msmmm'ﬂ'mauhqa‘s’wmmwuaﬁwﬁ' g NNA (x,7) MANNMAIMUINGA 2N
VuMMAURITY Tﬂu'lﬂqnquvnmwmmumnﬂ h(0,0) maununnqamw‘lumwmnuuw
noa (x,) mnuu'n1msﬂfummumanﬂvwmw“lumwnunuuuvuqﬂﬂaﬁﬂ poufivzhun
sufudlumradniveemsynon lagéu g(x,y) widpannstlszananadenhnnean
A Aaiuganna (x, ) szasas llmuiuaneu HAZUMIAIVDINWAURTY ANYBTMS

yhnou TagFuamnsoudaslndszli 2.5

NUINAAVDIRINTUTZUVUUIA 33
hi, j) i
ANAURIV

N 7 o 22 7 T
P V% T OVAVITAY. D S
SARSEAMGSH I 7 Ky
ST RT R [
P ey 7 7 X

11 2.5 uaasmsAnumsnou 1agsu



o [ = e '3
Frotsueanumani 19 1uM s e uIEUFUANINYUIA 3x3 A0

i L-aoH
R

h(, j) = —% -157 —é (2.8)
P
"9 9 .9

mumwaa luaunsii 2.8) szgnih llsnnamnmeadns g(x, y) numaniudeyaveunn
1nms 1¥aumsi 2.6) lupstssuaradoyanmFnuaviaiima  mumaaanyue
- 1 3 o © o o o [ 9
o1 q uazvaae I lFnu Taserdemsmaou lagsusinaumsh (2.6) Hunanaaes 1a

naluumdy qaell 271

- =
2.4 AIMUKNBUDIAVBIMN (Fidelity)
L oo = 1 o s o
Tumsiszuaanadeyaninataoaiu sxdenarlidoyaninuadnindinis
Vszuaanan/don IWondeyanmduniiy Tasmwizlunsdivesn1ssadeyanin (image data
compression) tfipaaiBadeyadmiuduinlyudonatsiiinnuniuouingg (Band
¥ 1 1 - x ." e 1 - ﬂy oF
limited) A1A2NIARAIIVBITOYATIRAUIAD MARNAIA (Emor) A1 HAanmAiise danuuuy
" ] ' 4‘ aoer 9 o & 1 o
JANTABYANIN BEIMTURANTNANAR (x,)) vesnmAusulidiiu £ (x, ) uazndanis

Uszananaer ity g(x, v) e l@mRanaianinadsnaiafio

e(x,y)=f(x,y)—-g(x,y) (2.9)

Lf'iaqmnﬁ'agammzﬁﬁnumm{lu?}méuu Tasaztlszneudivganima1s  Tuunu uudueu
LOZUALINIAY MIMIAAANAIATINABI D INIAANDIAYD AL YAN THINT A Tyt
AAuADMAANMIATDIANINGT sxiimamuanuazmavlzuiueg Feezifiamsindis
fupsvesmianatn snilumsuddymananmaanan ildezdniuegluglids
ﬁaqﬁfs’i’nﬁ'u’lumuﬁﬁ1ﬂumﬁ1ﬁ'~mmm§u (Root-mean-square Error) Savinmmmileninladi

o ' o w A oA
WU M x N Qﬂﬂ'l“ ANITATUIMUHINITINVDINAITDIURAUND

1
| M=IN-] 2

€pms =| —— e?(x,y) (2.10)
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M-1N-1

UED Cpms = > (S (9) g(x, )y 2.11)

Ll
M €, fazilusrianumileusisesdoyanmduntiuiudeyanmydinisdszulana
E
Tuy1ensamsiannumiiousisennii ldongduvyTasmsiavineasiaudyg o

L] " A . o o 4 ' o
ApdayaIusUNIU (Signal-to-Noise Ratio) Winiuuillu SNR etoNnYoyanINNAINTI

b '
Uszanawa n(x ,y) sNwianndoyanwaunivignsauifudygasuniy na1ne

nx,y)=f(x,y)+e(xsy) (2.12)

¥ [
muummmﬂmmﬁwm SNR fiu 'Jf.\l.lﬁil'lﬂ

M-N-]

—ZZf (x,)

J:—O y=0
M-1N-1

e Z 2.2’ (%)

x—O y=0

SNR, s =

—A;V—Zi:fz(x,y)
SN =~
1T {n(x: )—f(x:y)}2
MN%YZO Q

(2.13)

' o a N o w i o Jond W - i 3
E]U'I\ﬂ.iﬂﬂ'lﬂ ﬂ'ﬁB'lﬂUﬂ15‘lfniﬂ\iﬂ'lﬁs‘l'ﬂﬂ-ﬁm‘aﬂﬂllﬂ'lﬂ'miﬁﬂﬁlﬂﬁﬂ‘uﬂﬂ SNR ﬁﬂﬁ'nll'l
g ° o ¢ - | o a ' = o oA 1 o
Siansosiuihunasimosehedo lumsdagulyhamigunmanio Taona )
° Cd ] Y o o U d’ o
5]36?{00'IJ1fﬂﬂﬂTUE]QHHBUIJHYJUWWﬁﬂHIj‘i:ﬂEl‘lJﬂv’JU nul'ummumﬂzizuumsummuum
o - oo = ' -1 "
yyudiidnuuziiay  Na1AD szuumsueariuvesny haeauduvoumalugy
= 2 v v 1 a 4a 4 - o A o o LI
aN13NY (Logarithm) SuiuAanmaninetuluysnanidavesnmezimu ldganundim
a e a P e . ) o a ' - '
Hﬂ'ﬂﬂ'lﬂﬂlﬂﬂ‘!lu.l'llﬂ‘inﬂlﬂﬁ'NG BﬂTNiSU‘lJﬂ'liI.IENlHuilzllﬂTlll'l'}ﬂDﬂ151ﬂﬂﬂullljﬁ~1ﬂ1
o et & g = = = v o A -
zmmmwmqﬁmwmsﬂuummﬁummnqa ﬂQUNﬁTH1ﬂﬂ'|?€ﬁﬂ~lﬂ'lﬂ'¥l11ﬂ'lﬂ"J'mﬂﬂ'ﬂﬁ'lﬂ

" - ¥ & a " - - a0 ' = ' -
N1 9 NU llﬂﬂ'lﬂ?l'l-Nlﬂﬂﬂ‘]ﬂ’l'\nNﬂﬂﬁ'lﬂ‘['ll‘u‘il‘]ﬂlﬂ'nlmﬂ‘l I.Wl?)ﬂﬂ'lﬂlﬂﬂﬂ'lﬂ’ﬂl]ﬂﬂwﬁ'lﬁ'lu
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- c: \ o - ) o \ A o =1
VINUANVDFY ﬁ:wmmqyJﬂzmmnmmmwam‘lﬁ’nmwﬂmﬂumwﬁﬁm Faazyi 1A
4 &
ﬂ'ﬁﬂjﬂ?'lﬂ'mlﬁﬂll ﬂmmmmwmwnﬁmuum [2-7]
2.5 $INIININTBINANY ( Kaman filter)
o AHAgq Vo ' =1 -
mnsmﬂmmun‘lmﬂumm‘smmmamﬂu 31y Ao [9, 10]
1.8903 mmamudmﬁm (Continuous Kalman Filter, CKF)
2.A903 mﬂ'tﬂmuﬁimﬁml'ﬂu‘ﬁ’N(Continuous Discrete Kalman filter, CDKF)

3 ganseenauuuy TR oitioa(Discrete Kalman, DKF)

T B

it erdudussiivisaimilssnameswiinaainami lunfasunlasmunm

' ¥ d v odn o gd A 4w Aa o
aou Taol x thufSuamnaaii lunaoununn 1 ayg IMTUNIUNUMTHINUIANY
' = = VoW b N ° H Yo 0
anndoiuguinariinanuulsisaumnunsziiey W n flusauniveinsia awiu

" A 1 ' “ ) 1 ¥ A &

M5USZINAURNANFATINITONININAURNALYOI X wazlumisiauaazasuilu , ams

V eyt ar v o 2 d a = [ =
Uszinaminngauainndaswan n asully %, @oulanaaunisn 2,14

%3 =%Zﬁ, (2.14)

=1

o a o) P
sagilaunsn 2.14 Muaumsh 2.15

>

nx = . (2.15)

NEUNIST 2.15 unua 7 au n+1 1ARsaumsi 2.16

n+l

(n+DE,, =27 (2.16)

=1

=y!+y2+“‘+yn+yn+l



= 5+

i=l

=1k Vo (2.17)
anaumsi 2.17 9a3 Ini 1ddsaumsi 2.18

Euc Bog el (2.18)

o x x o :: =} ) ] V3 d‘
19 ——"% ag +—"-% yansuaunish 2,18 @eumsysznam i lddsaunsh 2.19
n+ n+

P, 3

n+l

5 | ANV
n+l X, +

AL N nd At ]

5 i

i ) B (n+l)xn+l + j’)n+l .7 Xns1

S n+l n+l n+l

£ A A 2

xﬂ*l =X, +—_-[yn+l _xn] (219)
n+l

snaumsh 219 midigszuaniing 1, samsdsznaAuay £, DIndunadie

[}
L

" [ oA o . a A o 4 l &
sendamidaldlng ., Aumslsznedny £ uazquiuimanes 7, Falums
n+

= ' 1 [ - Y
uJauuu'dmm‘sﬂszmmm'inmnnmim’mﬂanmsﬂ‘izmmmtﬂuummmﬂmmmamu
li = o A. ] . L d. o
Hefsaranyazeesmsi/asundasmuna wudanuanan x Tuaetinanuia

-t 1 ¢ .08 < o o o H a
Tavmung@imsn/dounlanfEine x snmsdadAui dhid@un n+1 Wouldasaums

2.20

=h.

xnﬂ = ¢)nxn + wn (2.20)

' = o o« = a ] ] ar
1% w, Bamsusnusandoilugud paziinaldinanisndoundashimiveununis
=i =t 9 - o
wWasuuasnaivesSia x Wouunudle @, uag w, A9 AYYIUTUNIUTZUY (Process

’ ' ¢ w A ¥ u A -4
Noise) tiipReansniizanuiwesddui n unudao x, nInmadsznmm X, du ns



13

Vizinumiiafigauesddui n unudio %, 1Renmsdsznamnoudaui n+1 unu

fau £, Asawuman 2.21

>

n+l 2 d)n n (221)
' ~ - o | {1 - o

Wmssznam £ fanuudsdsudmumsiz.2oTasisnnunlslsauves £, il
' H s a8

@®’P, 91NIAGNAUNDY X, tazaNul515HY0INTTUNIUAIAUNT 2.22 AN

anunlsisouszanma £, Aarun1sh 2.24

P = E{(X;=x,)} (2.22)
0, =E{w;} (2.23)
L ) (224

qunTsmidamnadl v, Shidaduan %, Tdnnudmiisasaunisi 2.25 uazlimsa

959A90uMIN 2.26

yn+! o Hn+1 n+l (2.25)
yn+| =5 Hmtxml = vn+] (2-26)

o

- b =] ad a  d o«
INaNNIIN 2.26 19 v, 11UMITUNIUIINNISIAN fanisuentsanaoiugul A

wlsisamveans 'ilﬂ?l'lvlail'lﬂﬁﬁﬂ'liﬁ 05

R =E{v2} (2.27)

n+l n+l

1 o o : -1 H = 3 Al o o ﬂ'
msdszuamdisun n+1 Imsaldoundaunaiu v lndsaudunar ldasaunisn

2.28

’in-rl = fn 17 Kn+1 [j)rwl = Hml‘in] (228)
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| w ' o . aa X )i ey
msasewatay laomsnnuudsdsu B, dgaves £, Mifaduhimiveunn
aunsfi 228 G A wnumswouasianlsdoumsnlfounlas £, dvaunish 227

uazaundstsau P ldninaunmsn 2.291aRsaunisi 2.30

n+l

Airnl =(1-K,,H, m»l)AfrHl +K, 1AV, (2.29)
Py == Kn+lHn+l )2Pn+1 I Kj-»lle (2.30)
avlilodisuFvaaumsi 230 doui K, Farumsn 2.31
gﬁ‘ = K Hoa P B3 K ke @31
0 AP D 2
- ¥ ((=2K;,/H, + Koo, (= KmRnn)
" (—2Hn+l +2KH+IH3+|)R-+| + 2Kn+l‘Rn+i (2.32)
Moy 233 mhdugud ionimsasweenau K, TRiaaumsii 233
% ;P""'H'”’ (2.33)
(H Fa+R,.)
uazfiwaqmmml‘iﬂs'mﬁaﬁa-i{u“luﬁﬁuﬁ n+1 mdvinaumsh 234
B,,, ==Kyl yd (2.34)

Goszuumsia liiiuFadundraunisn 2.34 sxldaunisn 2.35 wisasimsilasunas

" & - ¢ 1 d
vpamsszanun Feaunistizondn wmMuAa A1ANIU (Extended Kalman)

n+l n+

A%, =(1-K,, Ea"_ H(x,.)A%,.)+ K, A, (2.35)

n+l
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v oA
2.6 shnseamainiliinetied(Discrete Kalman,DKF)
H ’ | . ) z ] u’.o o ]
“luﬁﬁnzwmsmmm:mmaamamu'luﬂmﬁ’mmmu R O P T Rl R S YRATIIS IR TR Y
Aot paiinnunmamasuanunlssauinniosnndansesmaniuAeiiiod uaz ANURAY
. o VoA ' o ' et o v
ﬂmwuuumnsmmauumammnﬂumqmnsmmamuLi‘lumsﬁ1mﬂizmmnﬂwqﬂn
s:‘um%arﬁuﬂﬂmfrﬁﬂ'hivimﬁmgﬂmuquﬁ"ws:uﬂﬂmﬁﬂﬁaﬁumsﬁ 2.36 [9-10]

X =A%, hBa, +w, (2.36)

n+l
IWszuumsia saaumsi 237
Y3 CErtY, (2.37)
Aumdsuazanunliysauin B HUIAYYBITE UM TR IAR NN 15T 2.38
E[w]=0,E[v]=0,E[ww"]=Q.E[w" |=RE[wv" |=0 (2.38)

o 1 ] ﬂ;ddl. o g 3 U = ° o
dmdumamailssnamiangavosanng x TaiuuudpeifunnIneaahn guny
o a £ a ' & - o |
Fuilsramivie linena sy aus mYssszY FauTauenan 1z NeIANAla us

Al ' é - 3 ‘ = oy -
msiszinameougneninzfai 1didelinmiuguauigmelauniiauaza
1 o a “ o, = '
w515 715 0BT VUHASNITIANBY TUYA IHDUNA X 1uAN1IT n FINTIUAIVOY
] % z -
wu2ums laninvesszun tazlirarnzieumlumudan n-1 AluaNNINOUNIS

1 o LY - S o
Uszinanuednateiunngn1zBunaanoda 1 YU Avaunn2.39
=A% +Bu,, (2.39)

Z 4 > ¢ 4 o1y d ° 4w
NNt Sadeanaanzdegiu fmualiidu anz n Tauimualdiuas
= ' d P " d i A ° o '

wls y, Gundn@ananan1Ie n ptrelsAmummiminzaudmivsemsdsznum

wazmsialidlnssadnimifiafigavosmieis x fe lddsaunisi 2.40

x, =% +K(y,-C%,) (2.40)
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A; (] - | ' A Y o o W " e
Tufiisznsvesia s IutumimuzsauyeInINIsImauIu st udnanineas 1veIeAIa
A ' a1 ' & ) 1 a ¢ 3 o = 4
PunIeA1 K A5zt ls #191nnsnnsanniveanaing K aoatlumniimesila

o o r’:a o o " = A 1 o
Tudnsequumauy aanuiuiuszdeudena K THianuaaamaoulszu UG

"
o

Al d‘ o é ' o d‘
drga (lusimands) Fameldaaaunsi 2.41
e =X _-X (2.41)

Tunsmmmannuusdsunmanieusigaiannzdeginivaunsomasaumsi

2.42
Efe,e }=E{(x,-%)(x.-%.)'] (2.42)
s &, Foaumsi 241 Tueinia®i 2.42 TAvanunsi 2.43

Efe,el} =E{(x, -%, =K (¥, - C))(x. %, -K (5, -cx,))'} (2.43)
= E{(x,-%,)(x. %, )y )+ E{(K (v, -Cx,))(K(y. -Ci“))T}
B{(x, +%,)(K (5, -C8.)) PE{(K(y, -€5.)) (5, %)) (2.4
NnauMsi 242 unu B, = E{&, &)
P, = B, +KE{(y, -C%,)(y,-C%,)' }K*-B{(x, -£,)(r,-C%,) | K’
KE{(y, -C%,)(x,-%,)| (2.45)
s uems® 2.45 Faoeumsh 2.37 sz 1&ecumsii 2.46 - aumsh 2.48

P, =B, +KE{(Cx, +v,-C,)(Cx, +v,-C&,) | K’
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-E{(xn -%,)(Cx, +v,-C5, ) | K- KE{(Cx, +v,-C%,)(x, %, )‘"} (2.46)

P, =P, +KCE{(x,-%,)(x,-%, ) }CKT +KRK
E{(x,-%,)(x, %)} C'K"-KCE{(x, -%,)(x, -,)"} (247)
=P, +KCP,C'K™ +KRK" -P,C"K" - KCP, (2.48)

yimsanmedisudealumnish 2.48 nazfivuaunisnldnamsariesisuidsaniny

o A Ve
AUONEMIAOAT1NIAALY

A= Am",?ii'i =2xA"
ox

(2.49)

NN T 2.49 FINTAMIMANMIT 2.48 IR qun19H 2.50 Ay Aumsi 2.51

M =2CP,C"K" +2RK" -CP, - (13,,(:’)‘ =0
oK
K" =(CB,C" +R) CP, (2.50)
K=P,C'(CP,CT+R)’ 2.51)
wimmsnasunlamamusdsmsauluanieg n wldnnaunsh 252

P,=Efee} (2.52)

' 4 o o 3 o ' o VW
LNUAT K lﬁﬂﬂ'Iﬂ']'lllﬂllﬂﬁﬁixﬂ']'ldﬂ’lll'l.li5’JlJﬂ!Jﬂ'lﬂﬂ?'1'llU'lUﬂ'lf|l.l'|u1llﬁﬂ'ﬂ$ I]TFIUIW]‘IJ

Aun1s T 2.50 Aruaunsh 2.49 TRasaumsi 2.54 wazaunish 2.55

82902
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P =P +KCP,C'K' +KRK"-P,C'K" -KCP,
=P, +K(CP,C’K" +R)K"-P,C'K" -KCP,
=B, +B,C"(CB,C" +R) (CP,C"+R)(CP,CT+ R)' CP,

B,C"(CP,C+R) CP, -KCP

=P /pC (CBC+ R)-I CP,-P,CT(CE,C"+ R)_] CP, -KCP, (2.53)
=P, +KCP,
=(1-KC)P, (2.54)

wirmsdsuulasanuulsilsausauaniiz n+1 18aswunsn 2.54

B, = Efenena} = B{(Xp=Eo ) (%0 -iw)T} (2.55)
nuaums i 2:54 Avaums 2.51 lanaeminisi 2.55

P, = E{(Axn +Bu, +w, -AX, -Bu, )(Ax, +Bu, +w, - AX, -Bu, )T} (2.56)
~E{(Ax, - A%, )(Ax, - A%, )| +w, (Ax, -A%,)" +(Ax, - A%, )W) +w,w]} @57

= AE{(x, - X, )(x, - %, )} AT +E{wan} (2.58)

P 3 o 8/ 4 [ P
UNUANMIN 2.57 Aauaumsn 2.52 Taanulslsiusinaniie ntl AN 2.59
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P, =APA"+Q (2.59)

a = - o Yy 11 P 2
naumsh 240 B9 aunis 2.60 Huaumsauuilames hineiiios (The Discrete
- % ' U oy o

Kalman Filter Equations) 1/5¢n0u@20 2 du dnnsniluaumslasunainiuna (The
K o 4 4 ' o o {

time update equations) ASTTUATH 2.60 Lazaunsh 2.61 dwfasailuaunsnasunlasny
s Y P & o

1153 (measurement of updated equations) TAASETNATH 2.62 — 2.64 Fauvouwiu'laozunsu

. b
ueaen1sszanman IAAan I 2.6 LAZMADTUMTAILINYDINTNTOINANTUUTAIAINN

N27

x, = Ax,,; +Bu,, (2.60)
P =APAL+Q (2.61)
K =2,C' (CBCT+R) (2.62)
x, =x,+K(y,-C%,) (2.63)
P, =(1+KC)P, (2.64)

g1 2.6 m3szanma x, 910Ms3A y, Y9N 0
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i

msnfdoumlaanmtmi | manaounlasnisialml

LuAouuasanie 1.AMINDATIVYIATANIY

X, =AX,, +Bu,, K =P,C"(CP,C" +R)"

2.anuamanaounI sl 5 mstszanaa Inidaenisia

P,=AP, ,AT+Q % =%, +K(y,-CX,)
. 3. amulssmsasumaalmi
‘\ P, =(1-KO)P,

.

51l 2.7 diumsiImnInIeIMIaNIL

1AM RTINS 2:60 Beaunis i 2.64 a1l ld dmsdsznannonavesdyn
d

. o o Yy e o o1 o
sunauiiniiugud sas1vmoma K =0 uazn‘maﬁgmmmumﬂmﬂnumu]uguu

e

Sas1weontany K=" lashdansesmmnumunsalyldanussuuiiiiguauia
¥
Aann 1t
L ' = £ @
1. soullszinamannzoda annsligiuuazaniz luouing
2. szvudesmspluupvesszanlanila lszanuniniov)
A~ ' ©
3, douiufsasafamesneunsoadreinld
4. Whumsisznusumnzauiigatinussuududy

s ghdpanisignurzuy liFuduudiez 19iOnmuaaniaunu (Extended Kalman)



UNN 3
ONUUUNITINAARD
3.1 UAHAINTMNY

NTPNUUUMTNANDIVDINITALINANDON mﬂmwﬁ"wmau1uﬂamaﬁnumﬂﬁﬂms

nszyimatounu Hdrumananuamusudainaaslugi 3.1 (1-5]

AT ATWAULLIY

]
\
|
!
|
)

l ,

Fmnme
*sl.l(\{flﬂiflla :

}f-j?ﬁ'lu.'imnily = “Amnuem
i wuNLey

1/3

o 1/3

AN
AULNAUID

' = - o
sunaa LA INLAINIT I THYBINIAUINABBNINA A M AU IRDS



22

d' = w l:i - 9 A 3/ d: £
llJBWQ'Iim'lllNuFNWIUEIJW 3.1 WHTUNNATUVUGA tllﬂulﬂﬂ'IWﬂﬂﬂ\lﬂ'l'iﬁllm‘uﬂﬂﬂ uas

yzu

Iy ¥ ' a 5 ¥ @ 3 ¥ w 1
AMANLDLIAY AounziMslszuiana Joalsunmlvdnulansdumualunm uag
) [ ~ ° aa a a P @ - d| aa ¥
YUIATBININIEADAUINY e sMuIuNTLszansnwn Welsunmniasadunisouio
o ° ar 4 v
ua zmmsmmmmuuaﬂmwmﬂmmuﬁamastﬁaaummaanﬂuumuau‘us'lﬂ"mw
P o - . 4 X p
EMWNEBNIT 1 AN MnTuezyhnsisieaumaeen iz ldnmemiyn
e o 4 'S
0N 1 NN uazwmmsmu':msﬁnaumqman‘luummww:"lﬁ'mwmmvgﬂaenm‘én 1
2 y 2 g et i
AN NINUA 3 NN %zﬂnmmwsmﬁvmmmnnmummﬁunmﬁaﬂsumqqmmwaw'lﬁ’
° 2 e a Vet a ¥ 3 ¢
oM luununilen AlanuAanaiaun lianuAanaIaLual 92 lan e mun

g P
gamoonu Funmiinumanoaud

b4 - (]
3.2 MsauINeEenINMNAIEMaIUianes
A5 FILINUBINTI ALWADBNIINMNAIEATAINUaIAe S 9zYiMsiuINTiaz AN !
< 3 M a P o o y o s =
Bunndaeile  Godllamnuiuey Genoafun NN BN IMLAINIZAIUINIANDYI?
1 1) ° = " ¢ 4 =
fa lduarsdnviioga smiuesiuaaies awuuaueusdwithlisesq tuugnuan

asumnga ANz 3.2[1-5,9, 10]

1 3.2 drdugainAIEE o MILIUBUILYFUN

Tumssnuusazyas s mguivesmauiames Fazliaunsnaney 5
aums Aeaumsi 2.62 asaumsh 266 aafinauwdluunil 2 viadeh 2.6 ANseIna

ymhideiiios IRaR lddnsuansdaglii 3.3 uazTWainiagldningui 3.4



23

Code :

for my = 1:MR,
for mx = 1: MC
if kfinit==
- xp=[imb(3, 1),|mb(1 1),0 0]'
else
| xp=A*x' + Bu;
end £
kfinit=1: =t
PP= A*P*A' + Qo
K -:PP*H'*mv(H*PP*H +R), il
X~=(xp=+ K*([lma(my,mx),lma(my,mx)]' - H*xp)) :
P= (eye(4j)-K*H)*PP fa TRl RN
4 my.
_fu lml(my;mx)
;end.
end -
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clear all;

close all;

cle:

% compute the background image
im_b = imread('b.bmp');
figure(1); imshow(im_b);

im b = double(im_b);

imb =1im_b(:,:,1);

[MR,MC,Dim] = size(imb);

% Kalman filter initialization
R=[[0.2845,0.0045],[0.0045,0.0455]'};
H=[[1,0],[0,1)',[0,0]’,[0,0]'};

Q=0.01*eye(4);
P = 100*eye(4);

dt=1;

A=[[ ]' !0,050]'![01 1 ,0,0]‘,[dt,0’ 1’0]"[0’dt,05 ]‘]'];

g=6;

Bu = [0,0,0,g]’;
kfinit=0;
x=zeros(100,4);

1=1;



im a = imread('a.bmp’);
figure(2):imshow(im_a)
im_a = double(im_a);
ima = im_a(:,:,1);

%iIimo = 1m _b;

% <
% horizontal scan
for my = 1:MR,
for mx = 1:MC,
if kfinit==0
xp = [imb(1,1),imb(1,1),0,0]';
else
xp=A*x'+Bu;
end
kfinit=1;
PP =A*P*A' +Q;
K = PP*H'*inv(H*PP*H'+R);
x = (xp + K*([ima(my,mx),ima(my,mx)}' - H*xp))’;
P = (eye(4)-K*H)*PP;
my
imi(my,mx) = x(1,1);
end
end
im i(z,:,1) = imi(:,:);

im _i(:,:,2) = imi(:,:);



im_i(:,:,3) = imi(:,:);

im_i = uint8(imi);
figure(3); imshow(im_i);

title("Horizontal');

%
% vertical scan
for mx = 1:MC,
for my = 1:MR,
if kfinit==0
xp = [imb(1,1),imb(1,1),0,0]';

else
xp=A*x' + Bu;
end
kfinit=1;
PP = A*P*A'+ Q;
K = PP*H"*inv(H*PP*H'+R);
x = (xp + K*([ima(my,mx),ima(my,mx)]' - H*xp))';
P = (eye(4)-K*H)*PP;
mx
imj(my,mx) = x(1,1);
end

end
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im_j(,:,1) = imj(:,2);
im _j(:,:,2) = imj(:,2);

im_j(:,:,3) = imj(:,2);

im_j = uint8(imj);
figure(4); imshow(im_j);

title("Vertical");

%

% Diagonal scan

imk(m,n) =0
k=1;
for i=n-1:-1:0,
for j=1:m-1
%  g(tj) =k
if kfinit==0
xp = [imb(1,1),imb(1,1),0,0]’;
else
xp=A*x' + Bu;
end

kfinit=1;
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PP = A*P*A' + Q;
K = PP*H'*inv(H*PP*H'+R);
x = (xp + K*([ima(j+i,).ima(+i,)] - H*xp))';
P = (eye(4)-K*H)*PP;
imk(j+ij) = x(1,1);
end
end
for i =1:n-m-1
forj=1:m
% gyt =k
if kfinit==0
xp = [imb(1,1),imb(1,1),0,0]’;
else
xp=A*x'+ Bu,
end

kfinit=1;

|

|

PP = A*P*A' + Q;
K = PP*H'*inv(H*PP*H'+R);,

\ x = (xp + K*([ima(j,j+1),ima(j,j+1)]' - H*xp))';

‘ P = (eye(4)-K*H)*PP;

imk(j,j+i) = x(1,1);

end

|

‘ end
for i=0:n-1,
\

for j=1:m-i



% g(jj+i+tn-m) =k
if kfinit==0
xp = [imb(1,1),imb(1,1),0,0]’;
else
xp=A*x' + Bu;
end
kfinit=1;
PP = A*P*A'4+ Q;
K = PP*H*inv(H*PP*H'+R);
x = (xp + K*([ima(j,j+i+n-m),ima(j j+i+n-m)]' - H*xp))';
P = (eye(4)-K*H)*PP;
imk(j,j+itn-m) = x(1,1);
end
end
im_k(:,:,1) = imk(:,:);
im_k(:,:,2) = imk(:,:);
im_k(:,:,3) = imk(:,:);

im_k = uint8(imk);

im k= im_k;

figure(5); imshow(im_k);

title('Diagonal');

A e
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clear all;
close all;

clc;

load im_a;
load im_b;
load 1m_1;
load im_j;

load im_k;

ima = double(im_a);
imb = double(im_b);
imi = double(im_1);
imj = double(im_j);
imk = double(im_k);

imijk = (imi+imj+imk)/3;

imia = abs(imi-ima);
imja = abs(imj-ima);
imka = abs(imk-ima);
imib = abs(imi-imb);
imjb = abs(imj-imb);

imkb = abs(imk-imb);
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imijka = abs(imijk-ima);

imijkb = abs(imijk-imb);

imx = imijka;
rms = 0;
[y x] = size(imx)
fori=1:x,
forj=1:y,
rms = rms + imx(y.x) * imx(y,x);
end
end

rms_imijka = sqrt(rms / x /\y);

imx = imijkb;
rms = 0;
[y x] = size(imx)
fori=1:x,
forj=1:y,
rms = rms + imx(y,x) * imx(y,x);
end
end

rms_imijkb = sqrt(rms / x / y);

imx = imia;
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rms = 0;
[y x] = size(imx)
fori=1:x,
forj=1:y,
rms = rms + imx(y,x) * imx(y,x);
end
end

rms_imia = sqrt(rms /X / y);

imx = imja;
rms = 0;
[y x] = size(imx)
fori= 1.x,
forg=4-'y;
rms = rms -+ imx(y,x) * imx(y,x);
end
end

rms_imja = sqrt(rms / x / y);

imx = imka;

rms = 0;

[y x] = size(imx)

fori=1:x,
forj=1:y,

rms = rms + imx(y,x) * imx(y,x);
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end
end

rms_imka = sqrt(rms / x / y);

[y x] = size(imx)
fori=1:x,
forj=1 ¥,
rms = rms + imx(y,x) * imx(y,x);
end
end

rms_imib = sqrt(rms / x / y);

imx = imjb;
rms = 0;
[y x] = size(imx)
fori=1:x,
forj=1:y,
rms = rms + imx(y,x) * imx(y,x);
end
end

rms_imjb = sqrt(rms / x / y);

imx = imkb;



rms = 0;
[y x] = size(imx)
fori=1:x,
forj=1:y,
rms = rms + imx(y,x) * imx(y,x);
end
end

rms_imkb = sqrt(rms /x / y);

im_ia = uint8(imia);
im_ja = uint8(imja);
im_ka = uint8(imka);
im_ib = uint8(imib);
im_jb = uint8(imjb);
im_kb = uint8(imkb);
im_ijk = uint8(imijk);
im_ijka = uint8(imijka);

im_ijkb = uint8(imijkb);

i=1;
figure(i); imshow(im_a); 1 =1+1;
figure(i); imshow(im b); 1=1+1;

figure(i); imshow(im_1i); i=1+1;



figure(i);
figure(1);
figure(i);
figure(i);
figure(i);
figure(i);
figure(i);
figure(i);
figure(i);
figure(i);
figure(i);

imshow(im j); 1= 1+1;
imshow(im_k); 1=1+1;
imshow(im _ia); i = i+1;
imshow(im_ja); i = i+1;
imshow(im ka); i =1i+1;
imshow(im_ib); i=1+1;
imshow(im_jb); 1=1+1;
imshow(im_kb); 1=i+1;
imshow(im_ijk); i = i+1;
imshow(im_ijka); i =1i+1;

imshow(im_ijkb); i=i+1;
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ABSTRACT This paper proposes cloud removing technique by adaptive Kalman filter. The
multi-temporal images, cloud-cover image and reference image are applied to the filter..This
recursive nature of filter is one of the very appealing features which is designed to operate on all
of the data directly for each estimate and instead recursively conditions the current estimate on
all of the past measurement. The output of filters with 3 different raster scans then combined
together to achieve the cloud removed result.

\
; 1. INTRODUCTION
The image distortion due to cloud cover and cloud shadow is a classical problem of
visible band of remote sensing imagery. Especially, for non-stationary satellite that commonly
found in earth resource observation application. The long recurrent period that can up to 44 days
for JERS-1, 26 days for SPOT or 16 days for LANDSAT tum to be a trouble for monitoring
(change detection) problem when the continuity of acquired scene was broken by cloud cover
problem. To recovery the hidden area under cloud and its shadow, the various techniques were
proposed in the previous papers. The histogram-based technique is a classical method that can
be found in previous paper [1} The fusion techniques [2] are also adopted for this task [3]. The
key of these techniques is to find out the hidden area on corrupted image and then replace with
clearer or reference image. The effectiveness of these methods depends on how to-extract the
cloud over or hidden area efliciently. This paper proposes the altemative way to solve this
problem by reconstruct the distort area. By feeding these two images, cloud-covered image and
reference image to the well known recursive adaptive filter, the discrete Kalman'’s filter [4]. The
recovering of hidden area can be accomplished within 5 steps for each pixel,

Let s, is i" state and h,(s,)is a linear function
S, =Hs +n and x, =Fs, +1, (1)
when, H = state transition matrix, n; and 7, are process noise and measurement noise,

respectively.
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Time update
1). Prediction of states,

Sii-1 = H‘_I Si-1
2). Prediction of the covariance matrix of state,
&
Pq:—n =H_ P H_ ,+0,

Measurement update
3). Kalman gain matrix,

K, = Pﬁ-IET(F‘nPﬂ;‘-IF:‘T +A, )™
4). Update of the state estimation,

e = st KOO $)
5). Update of the covariance matrix of staies,
B={U-KF)Fy,

The Kalman filter estimates a process by using a form of feedback control. It estimates
the process state at some time and then obtains the feedback in the form of (noisy)
measurements. As such, the equations for the Kalman filter fall into groups, time update
equations and measurement update equations. The time update equations are responsible for
projecting forward (in time) the current state and error covariance estimates to obtain the a priori
estimates for the next time step. The measurement update equations are responsible for the
feedback i.e., for incorporating a new measurement into the a priori estimate to obtain an
improved posterion estimate. The time update equations can also be thought of as predictor
equations, while the measurement update equations can be thought of as corrector equations.

The estimated output of the filters then combined to achieve the cloud removing. All
details of proposed scheme are mentioned in section 2. The subsequence section shows some
samples of cloud removing result by proposed scheme.

2. CLOUD REMOVING SCHEME ;

Firstly, the two images, the cloud-covered and reference image, are registered and
cropped precisely to bound the corresponding area. Due to the 1-D adaptive Kalman filter (order
32) is used 1n this paper. Therefore, three fashions of zigzag raster scans have to perform before
applying to the filter as shown in fig.1. Let the scanned clouded image to be a corrupted
measurement input signal and setting the scanned reference image to be a predicted state, the
reconstructed image can be got by the estimated output of adaptive Kalman filter. Finally, three
output filters are averaged to reduce the uncertainty in each raster scans.

B-5.8 Data Processing
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Fig.1 The proposed scheme

3. RESULTS

To verify the proposed scheme, the LANDSAT-5 TM images on path 129 row 51 at the
middle part of Thailand that shown in fig.2 are used. The reference image is acquired on March
26, 2004 that clear from cloud (fig.3a) and the cloud-covered image is acquired on May 29,
2004 (fig.3b). Table 1. shows the estimated output and corresponding error. Finally, three
outputs are averaged to obtain the cloud removed result

¥ oty

Fig.2 LANSAT-5 orbital path around Thailand

Data Processing B-5.8
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(a) March 26,2004 (b) May 29.2004
Fig. 3 LANDSATS (path 129, row 51)

Table 1. Adaptive Kalman filter output ;
Hori | scan (x-axis) Vertical scan (y-axis)
2 AT g OO A;" S

Diagonal scan (:'-axis)

Estimated output image

Error
(Reference — Estimated)

Error
(Reference — Cloud cover)
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Fig. Cloud removing result

4, CONCLUSION

The proposed scheme successfully proofs- the ¢cloud removing efficiency. However, it
highly depends on the perfect registration, between these two images. This drive the adaptive
Kalman filter well estimates the hidden area. Furthermore, the reconstructed results also depend
on the cloud cover area. If the measurement (cloud cover image) is very uncertain compare with
reference image, then the filtered residual is resulted mainly by the noise. Kalman filter then self
adjusts by updating its gain proportional to measurement signal. On the other hand, if the
uncertainty in the measurement is small and that in the state estimate is big, then the filtered
residual contains considerable information about errors in the state estimate and strong
correction should be made to the state estimate. This results the small filter gain and estimate
output now will follow the reference image.
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