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Image Landmark Registration and Localization

Using Spatial Gaussian Mixture Model

student: Heng-chia Huang Advisor : Dr. Jwu-Shen Hu

Institute of Electrical and Control Engineering
National Chiao Tung University

ABSTRACT

To achieve the robot registration and localization using computer vision,
artificial landmarks or specific shapes or specific colors in the image are
usually used. However, there exist many robust algorithms in pattern
recognition and image segmentation which do.not require constraints on input
data to achieve a good recognition performance, In other words, localization
can be performed based on a general.scene. Imr this thesis, we adopt Spatial
Gaussian Mixture Model (GMM).in.image segmentation to describe an image
viewed by the robot in spatial domain without any artificial landmark. Secondly,
we use a modified combination algorithm by Cyr and Kimia to combine similar
data. It is found out that a monotonic relationship exists among the scene
registered and its neighborhood in terms of distance. This phenomenon can be
used to assist to localize the robot and this work demonstrate the feasibility by

several experiments.
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-++12054,482,-+-+-,5556)

Ey=

L
B
(MpgEé enT 3o

> R

i

s e £

HRFE S BoEE)
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2.5 3 #h4 $7(Principle Component Analysis)

/////

S5
(e
Jo
¥
w4
A\
T
=
i)

®7 7

|
= x>
oo
_\.
Sy
m\
E‘-’
%
N
P
3>
—
N
&-\
=1
1\\\
=
T
=5

PR Ft o MR ERE > AR PSR £ A WD D

PR R LR BT IE R J9ik ; 2700 & B

i & & £ %~ $7(Principle Component Analysis)iﬁ—l?\é_éi Fo— BB iE
BRZE WESRRDTH A RTER S ERPNL ¢ LR
ARP T BERE AL o W TIFEREE Y o BEFIY
R BMEAETA TR R AR REBEE HE 0

ENNG: ;i 7 - TR
£

b B NIRRT A - B B R o v s SRR

Pk - T B oo 5 NAE B A

1 1 1
xl x2 s xd
2 2 2
x x ) x
A= " a (2.3)
N N N
xl x2 e xd

o ox dom B iR GenE ik e d R ik ¥ F 2 E 05 8
Pijenifd BB o B 4L A E 3 A & BB 4
ke £ o jr‘klﬂ}'J * 4 B i 4 f#* (singular value decomposition) :
Ay = UNxNDNdeded (2.4)

%E%ﬁ${$ﬂnﬁﬁﬁn*%ﬁ B AR M e B R BT R
Fhced < 3R REEPO R EFTORRE R EF RS ERAERES]
LS d (24)58F A
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Zyvg = AyiaVixg = UnanDivg (2.5)
mAEY GEEMBREFITRR ) > T g<d > A ZTEE MR
15 ehF R o

At 1S e E SRR A S g, e B0 R BERMELY,

BRI F Y - Bed T - S8t He R LRl
AR EREGeEHLR AR 4 R EEHEBE L HEE PCA (o

After PCA operating After PCA operating
Input Image independently combinatively

GRS BRI S AT Y o N Y hEE s A RE H oA
B g A R Ao L R Aeiicdle o RN
[ARRRE S A S SimE S S R
(1) %¥c#-3] (Parametric Model)

*Q;}'}%\E’T’]{ l‘g\ 1L y Il X ‘ 'pl? mb‘ﬁﬁt, s r*i-&LJ mfzuF‘LAa\fﬂw j\

o — 3 77 (Single Gaussian Model)
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FABAAMDRPEA R H pd R TAR SRS 3L
MEERGFTHROLFT > UG BT HT] BRI T

o % ¥1rA & 7] (Mixture Gaussian Model-GMM)

BEFBHEA RBEZEY FRAF SRS dopt - KT A S g
A R A SEFAR S R ATHAD 4 T AR AR L TR s
REHRAEZHY PEHRFN AT TR T RSB A {7 NER

th% 4 BL e ﬁ?%m s @ etk > 4o T B 5 Aror -

TN W [ { 1
l
)l J l‘ - ;\\‘ | I f |

__-_‘_‘

‘ \I ! | } ,”i‘\\ 7!‘
L - Al
. B N il F ) .
Component=3 Component=4 Component=7

Bl S * J e B TR A T )

(2)#& % #H-7) (Non-Parametric Model)

TR TP AR ER B RIRRT % R Sl BT B T A
b 60 R i ST T BRI T T R R
A z iPl(nonparametric kernel density estimation)s3= ;= » f§ £ KDE » & i 4t
R E B g A - B S @t KDE e 0 4
i i‘fmi&{%ﬁﬁ- Bl o flr - %R Rk R agEd F
Wo k- BEFIR B o o Sk K, (4] © Gaussian ~ Uniform -

Triangle... %) > kB N G Z R AP G T MBS E > H g > 4258 50

1 N
:N;Ka(xt_xi) (2'6)
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Construction of Kernel Density

Density Estimate th, Weights Kh

& 6 f1#* KDE i&w E 7 FAL st A i

Bl 6 & s BRlg(od)sd o Bt - BFEranfe dlic I i

Sefed PR g o ATIE D A T S0 3t o 470 I 38 (Kernel Function) s 57

4t Ta A 19 AN R g AN o

2 1 £ Al B R Rl KDE 2 %<
Kernel Name K (@)
. 1 1
Gaussian exp(——u’
N> p( 5 )
Uniform % I(u|<1)
Triangle (1= [u)I(u| <1
Epanechnikov %(1 —u?) I(|u| <1)
Quartic E(1 —u’) I(u|<1)
16
Triweight 3_5(1 —u?)* I(|u|<1)
32
Co sinus zcos(zu)l (|u| <1)
4 2
BELR s b S B K AR T e FHAR] 2 Pl g
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P € i Rl e S b RS BT o A LvE T FALA P B R
S e B A AUE Tl o0 @ Rl W S BRIT i

o ZKDEY £ &e- 11 1F> B4 T B 7977 -

-‘:rJ =+ = 5
(=] [=] o 1
(<] o o AR
S VA, ) | = = g '.;l
N ll'.l o o / ';|
(=3 |h (=] o 1{. I
| ! 'h
o ||| (= =] \
= 'l II \":u =2 D = f\ —
o o (=

3 2 101 23 3210123 32101 2 3
B 7 #7 F (R Bt KDE 82 58

3]

s SEHAL Y S HF AP A HRTRDAT > A RS
BHCA ] S B e B R @t 5 o Pl B Slico # Eren T St
Poo dficy @B A F R F A GA S o TR G FTRBE LA SR
eis o vt BRCAIF HZ R S A i B AT R E HA h
RS IR “&ﬁﬂl%ﬁ%’mAWﬁHﬁPﬁﬁﬁ%%%’%$
B o] R

& NPEEL %iﬁigﬁ,‘%;ﬁﬂEM;ﬁ_}ﬁ;‘é)jé@ S A

9

Beis o Aofe WA BRI R A B o AP R B LG F DN
30 A[22]7 4 %7 & ¥ L Kullback-Leibler distance » #* & ] 74 5 —

B s & L

mMMMzgw@»ma“fp} 274

Poop ()R T FRAY SR T E A BT AR E G LB
28, m R4 EERIENIIT Y S REEA 1 ERA 2948, Ka o
7 ’ - P 7 =3 Z}_\ I

FOUF e PSR R g R 0 A 1 R 2 hE BT g E 00T

2EHA ] LR BB R LR Ao P ATIEE 0 ST > SR A BTen
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sTitE 0 B {6 KL distance #73R B~ ;8 4o T

1=1 m(x,)

Dp, | p) = Z(pl(x)log(p'( )]+po(x>1og( (())B (2.8)

E@j;\lgﬁ%J—%’fEPIJI@ —L?ﬁ&z‘ é\'ﬂm%" a#?l}}ﬁﬁw/\\’

BB S BHEAFALE ca B mx)= pl(X)Zpo(X) 5 A -

Bl aolXEaliao

5o R B e R B R 1 R
Hed &2 RIFRE SRR R Aok R L2 2 RIE R s 1)
B LA kl BRIV AAZE A A R o 7L o AR
BRGOTMNE » P B WA o bk B AR AF > B 7T

- BRE F E ek B A TG 2 i £ B § 9 BB g 2

B0 X TS B35 8 log @ B R dede k> WA R | 0 &
%A @ R e A 2B0% B 2 i (Maximum likelihood) » & — 4% 3% i

U b F

\\

ii’# fﬁ)‘fg’_}l ]’Ei ) t-'l-i»_]‘/( gﬁ&%; }""]‘f_fa: -

2.9)

2.7 FU% Figap R KRB TR Rl T

-~ FiE2Z w AT A B anBiifdp e R RS N AP e gl

£ 41* 7 P 4(blind search) » 3§ ffs & > 38 (7 2 Aven
BIRE S Tt REPIRE Y o § APEOT TR AR g R0k )
O T R T A T T A N R (L T
F o BRI Y PRI FPRENR S BT AL IR IT
MR R T R BRI  BEEREL A E B S R
Poef T F s TP i m g £ i e B g

54

Jo B B gt AR i ez B (e ¢ KL distance) @ 7% &% §_3 g 37
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TR A enig & (4 ¢ ML value) - JW] A deiz B ik & B R

s Hendp B o RV Ap IR K ﬁfﬂiﬁ%\ SR R R BB e Bk

Bz g - BATOR GG wﬂ“*’fww%ﬂﬁ@%?%%ﬁuﬁ

o
—\

PRI ORE L APEEFT UL AeaguF w3 g A 2 F
Tz B o Flpt > APREREY TP REE o R EARE 0 H Bk
TR FRRGEEEE L B AT AL 54 H 2 (monotonic) e+
BRABE > RN R ke AP RT R E A2 BT &%
ATt E R AR A PR R FERS AT E AR

g o
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:}' N
put

LRl FRE

3.1 3 #ri® & #.3] (Gaussian Mixture Model)

B AR £ HCAI(GMM) » 3 F AR E 3 RS B Rl Y

\

7r g _B. A El(image segmentation)® A & > 22— > B AR & A e
el €38 BEE LB > 2 B micn TR E R 2
- 2a S Qmﬁafrs’gihmg—*{o‘x Bk » ¥ B PEL L
SRR EOPEA 1T R SN B P A BB ok 0 1A X Bl i
b Rl LA R Ra o FRY AL RER T g T

e Y R Flt o JI AR L > KRG R R R > T

%
FHAESBEETEY V- 2R 0 FEOREHAS PG LA T R
G2 FEE T U Y B EFHAEL ERPFRA23]
Raoo FRHEI-RRPRTAF > 7 A IR i Leie £
Hu 24 2 > H2 RGB #2¢ 2 Fm 3 » 2 L4
e AR A2 K BB T N SRS R Ak B S RS

FEBEEREHAI A E F TRk - B E PR ATRFEE R H

&

o pfRenpGE 0 3 R A BB GenL BARA T8 Beni B T

FOECLEL T AEHY Y B ESHRGBXY 07 AT P e E Ok
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Wit E - P ehT R o 4oF) 8o

Color Image Plane (3D) Feature Plane (5D

Combine

Spatial Inforiatio

(Pastars }—
[Fositony |
Bl 8 BT Mehdfow B

B kg HE- B 5 aFuenfk k (Pattern)® 3 0 B #1

Red Level

Green Level
Blue Level

REFA L 3 BiEdiTing 4 o BB AgE - 3 274 i (Single Gaussian
Mixture) 2 = & & it (Vector Quantization)= fA#A| v & > H - 3 274 7 i
A Wit - BIHER R RA LA - HEA AP BRSO S o H
FRELRITNGERA e 2 LB P ATA DAk Honk § X7 4 o
B L PR e K A B B A
L SEA IR YR O S S e 1 O I 7 S R UL LD PRV - AP ES
42¢ﬁoﬁ$ﬁm€ﬁﬂ@*?@%%%ﬂ%%&éﬁﬁ&ﬁ’Hﬁﬁ

2

L =

=3

fme

SLEE kg 0 U RH R R SRREL A a2

s AR L AT B s ] 2 A0 B FATR SO £ 4

<
\\‘.5._
¥
W
Fi
i
=
e
E -]
Sy
)
flm
[F=
!
\ NS
T
(N
A=
N}
B
‘5\
<l
\\m._
x
T
b
¥

B¢ g () LF B~ I8 i HET @I G D L x R
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= 4 &' (Covariance Matrix) ; 2 ¢ » xfepy @8R 5 D > @ I, 8 R

DxD -

Ao BAMREWINEZET - BRESEE TN LG 2B

\\\?@r

B & W EJR & 4o g B (mixture weights) ~ T 328 » € (mean vector) ' 2 £

5% B 45 (covariance matrix) > #-iTE Sl B LA kTR FT0EEL > 4o T

=

PR
A={w,u,2},i=12,...M (3.2)

He W, An R E4efglE 7T g Y dxkBLEd

A MPIAR A Gl {5 - BREGEE T 7 1r Ak &

F i FAPOTR X SN X LX) DRI 2 G 23
B £ BCR eAp 0 R & T 4w TF
M

p(xy |2’)=2Wigi(xN) (33)
=l

A og(x) 4ot (BT > PR ESNEES R E I w =R A

B W4T B ST
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Bl °

Frequency Probability
180 - - y : 0.045
160 | 1 004 |
140 1 ] 0.035 |
120 } 1 003
100 b 0025 k
80| g 002 F
60 L 1 0.015 L
40t 1 001 L
20 r 1 0005
0 5 100 150 200 250 0 35 100 150 300 250
Intensity value Tntensity
B 10 BB ALZEA R R B EOR ARSI e

Rm R AR G A 00 BT ER N L R Y 0 S
Py EROZF LR A = a0 R 4L (Full Matrix) ~ # 4 42" (Diagonal

Matrix) ~ ¥ i+ 45 (Identity Matrix) » * g4c™ B 11 & B ¥H 7 5 34540

s
> Q
Full covariance Diagonal covariance Spherical covariance
B 11 % e £ el ek gz o 3B
©%F #&* (Full Matrix) : #74& 4 1) k% % £ F 45*E (Full covariance) »
s A BB T S HET s AZ Y 0 ¢ RS A %
VAR EAT A AT A FRERESAD R TS A

FERBEEY BV AL F TS T TR AL LB AR F

7 -~

/%9”

£k

B FRA R R R OV RURIE - B D R R
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O %t & 7L (Diagonal Matrix) @ #7 & 4 chx % B 4 & 4&'L (Diagonal

covariance) > %] i ﬂ&E/kaLET FITHEAE > fTLA %%&{«;}'ﬁﬁ;&g@ v oM
ZREY R EFRISE BT A gkt P~

FREL AT f AR

AEG LG M REE R AN GRS E e B RGO R B A

AR R @{”ﬁﬁzg%?%*’uﬁﬁiﬁi&aé’ﬁ
TP

PETE BB EL g e TP g R g R L F B kb

¥ 45" (Identity Matrix) @ *T¥ ihs R HE >EL » 7m P H L X
# 46" (Spherical covariance) » $2%+ & E'L i W Apid > & 5 HHEL S
TRE LA THR o AT FP AT > R R, 2 F Sk 2 R

%4‘1’“ - B Ap ke s @ enE Y

» & T4p
RaE i A

Full covariance Diagonal covariance Spherical covariance
B 12 B cr-d MBS A b ohE BB ar B R %
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NS

ek K A Rt i B Ry oA TR ) i R

E 350

‘mﬂ

ERFHAEL LI AN TRABTE S UL A EHP
o REEELE O BE L R A etk 0 B2 R 6 Rd A
P NT T UERLRR T UL B E ErER- B

B3 R4k BHEEA R o FaptdHifodagt > Fal

IER LA
Fo R HEEL AP IS B LB R RN HE ARG B

/K_é'_’@ ’__’J\o

>
o~

Ji

CFFEL AR R e 41?% 3% ¥ ® (determine) 31T & £
0 R EERE i}g’?f{’ mﬂ'ﬁ. "if'-%zr'-‘ivﬁ & 02 Rt BE 0 S
3.3 & f%’ﬁa%@%%iﬁﬁ%i%@,mwﬁﬁﬂﬁg
RN Bk %ﬂﬁ@mﬁ&4 P RIALR A G A
VRS AL
AAERE AL X RB R PIER R ERT AL PR GT
[

Nz T2 TN ERREEL AR PER PAR DR ok a ST

MEEA G R R B GEEREF A DL Aok R AR R
- R PSR e Ay it PR ABEVHOERET T U R
BEd s adek & Dfbiment o R LFHELF RS T E roF ek

T MR AEE oA TR 13 F - REEHEELRER .

Bl 13 LS EE A R g
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3.1.4 {3 eh kB4 1

NP hodk F F PEE ARSI R ETR S Ak Sl 2 1F

&
i
e
\\\?{r
il
¥
Y
4
P
~l~
E

FEREDEAR M AFH G Sz AT
£ Bf25]¢ » 423 > 4@ % EM i 82 o o §f § hgedp it £20
B BRIC(VQ)E- Y 2 B S cnpkii s U i - e
TR kA BB & Mg sl (class) 2 ¥ & (cluster) 0 #TILSEAT A

m
AR VQengipr » BAPEN GG B A s F

E
SR & ] Sl de b (8 FER B E s B ehY )0 N SR A

Hoengo 1 o VQ 07 2 F 548 A PR® K T35 A 47 (K-means

Cluster) » # i Az4r§] 14 477 » 3wt B p 4o

0~ Jefk Tt

B - B AT R B N R e £ -
1~ A e i

Bk F g ArE A KRR K B e £ 4 & & Fhd gk
2~ MUFTEEEY L koA

Hi (N-K)B o B3 K B3Y < EBdp] £ 7 EESEI S A ik

B & B Bk A MIERE R < o

4~ Hgr e HE T LR
BATEFE Y B EE Y LR ek R R Ao ¢ e
Plh B S F 2 RIEFHI2 3
5~ FIAm et Sl

Bt A EBH s Y w S FOR R R E E - Ha TR By
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(R 4R S Al ke R (M s p S s w) ¢

I SR
(M{ B
FI&)

¥

FHESK
s

¥

REREEE(E
)

F3

¥

MR A
Ayt

FEEE L

h

ATERE

I

&

B 14 T 35iE 4 %5 # (K-means Cluster); £2 ]

3.2 B i Ap i1 i BlIF B 72 (Expectation Maximization)

A AT AR R AR R A BRI R B AR A £

Bed o AT Ty dpend s BHFTAGI RZFHE D hA > 2H
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A SBA RN ke g X afpiiR > GRS E Sl 25 5
e g EoiD s Boif & e 2 F_T B & 4p B pli% 5 (Maximum Likelihood
Estimation MLE) o
G312 EFIRAE IEAERT o Fa=x B BB FRE L P
dok xi=len 2 BE T A 2 P A X = {x,%,,..x,) T F R AR
2_4p i & fe(likelihood function) ¥ 12 4 77 = :
P(X|2) = le(xi|ﬂ) (3.4)
d 3 X E T Fpt MLE 4 & )]* SEAE BN I pEAE o - B e g R
Sl S Bt il 4 ,7&;{2 =argm?xp(x|/1) 2§ 24P
~ BEEARM S 2N > EEE RS AR Sl AT A PR B

s L
B

B~ % & ;2 (Expectation Maximization: Algotithm) » 1 * & & e W35 4
MLE iz B %84 -

EM /ﬁ—,—r = mz&* ]FJ\/Z‘ K’t»d Z_ ’31’ K =L i—jlﬁ' Av\ /2":‘ 5}'5 :’: ':"f"z“”'ké-fL %:Qﬁ:tﬂ ’
EAI* EM B3 harengdied o @R P2 P(XL) > £ A=2 E AT
Rg3aTnl > B P P(X|) e R R BRHEES B2 o EM w2

3 & A2 B384 > & likelihood 8y B <5 Expectation Step (E-Step)

R E RTS8 42.3% e Maximization Step (M-Step) e
3.2.1 #f ¥ & (Expectation Step)

B e g 3R A 9 foeh likelihood S#ici® » £ 2 I P eh® R £ @
EEFROCEM iRk o & qfa:s%%éﬁi 7 EM F &% o iz s 7 e

FEDS 0 BRAP PR LS = BF IS GRS PE RAE S
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P(x) = wg(x; 14, 2.)) + Wog(X; 1y, 25) + Wi g (x5 45, 2.5) (3.5)

Ik

He X GRpdnsy H» L T faE 3 a2 ok iFE Eagan st kT E

ERF LD RGAD TR F R R T R SR IR

s
1B

» P(X) 0 5 B A= oww w16, 2, 2,0, ] 0 5 Bk B odk

(1+1+1+d+d+d+d+d+d)=3+6d B - &= i MLE & B » 441 likelihood 8

2L .
B .

)
=

E(A)= ln(ﬁ P(xi)j = Zn:lnP(xi)

= Zln[wlg(xi;ﬂ1azl)+Wzg(xi;ﬂzazz)+W3g(xi;,usaz3)] (3.6)

i=1

B3t L3y - BEcE @ 5T 12 % 5 (post probability):

B.(x)= p(j|x) _ r(jQx) L p(j)p(X|j)
' p(x) p(x)

_ p())p(x]))
pD)pG4) + p@)p(f2)+ p(3) p(x3)

_ W, 8 (X5 45,2, (3.7)
ng(XQﬂlazl) + Wzg(x;,uzazz) + W3g(X;,U3a23)

3.2.2 # =+ {g(Maximization Step)

A& penE i1 &P D@ likelihood ek + it chgde » Fpt A A
SlEw g X RIS o RS AE R > A AP D] Reen

#ic > B %K v E-Step 45 4 o

9

Bk 4 SR, 0 AR LB NATSAE > % EE) > E(,) 0 T

5 HUEING) = In(@) = In(b) + E(A) = E(1,) 7 r1a i 87 5
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EA)-E( )= wig (x4, 2) + W g(X5 1, 20) + Wig(X5 145, 25)
old z :
| W08 (X5 145 21 01) F Wa, 0108 (X3 o105 20 1) W18 (53 15 o105 25,10

:im;mﬂ&JmZJAWJ+W£@4@2Qﬁu&x?%ﬂ%4@29ﬁmm}
i=1 D(4,))  Bi(x) D(4,) Br(x) D(4,)  B(x)

=0(%) (3.8)
&Y H 4 In(x)&— i b 3 8 Convex Function) » i & 77 % 3¢ :
Infax, +(1-a)x,12 aln(x,) + (1 - @) In(x,) (3.9)
R 8 Tk g7 £5% ) (Jensen Inequality) °
ln( y alxijziailn(x[),ia[ 1 (3.10)

%5 Zﬂ(x)—l P REILT MBS RRE ¢ A 38 N RS TN
E(2) 2 E(g) + O(4) (3.11)

REQU)>0 0 &% K EA)>E(L) * R s § % E(1) AR 4845 5 b F

B -\,I;Kﬁ IR FOAN) B LB TRE(L) » g& EHL 5 LT R
15 -

O(2) B4 ehindic » 40— 227 ) 2 Ap B er3n > &~ F $0OF > & EATHR
O(2) T 5

0) =33 A, (x)lInw, + Ingx;:p,. 5 )]+l

i=1 j=1
SRS 1 (xi_/uj)z;l(xi_ﬂj)T
;;ﬁ (x; ){lnw +ln[(2”)%[detzj]% exp(— 5 J]}+c1
> 8,6,
I“J'/J = A a Q O:>/Jj_n— (312)
Zﬂ (x)
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S B, (), — 1), — 1)
$Y, WA 0 0, 0=0=Y =12 . (3.13)
> )

E I B2 w B R Rew, i A 5 1 eniEit4e » > 31i8 Lagrange
Multiplier » ¥ % & #7¢0 P % I #(object function) 5 :

A =EA)+a(w +w,+w, =1) (3.14)

new

#¥-E %3 B weighting ik fics » V@I T o 3 B> 450

new

ZE—:——Zﬂ(x)+a 0,j=123 (3.15)
W

Jj /ll

ﬁ’-fﬁﬁz‘:))ls 13 IB; \%#EI4\: ’ T’!“T,TE',EIJ :

o+ ) == [,(5) + Ba(x) + i)

=S>a= —anl ==n
W, =3 B (e =123 (3.16)
R
A E(A)

B(A)
B4, ‘c%\_\

A A
B 15 Likelihood fuction E(A)# < i* &% &, B
FED G LA > GMM & 2 0 B AzAc B 16 Y77 0 AN

BEE £ RPN F AR > G 3 K-means Clustering & 7 3|4 4%

o A d EMgE 283 e= B3 58
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S B, S )06 — 1), — 1) w =135 ()
p; = i=1 zj _ =l ni5

> Bi(x) > Bi(x)
P i_1
(3.17)
BT S i%ﬁ”i;;ﬁr%ﬁ'mifpljz\lﬁimia s Gt A Erendp i 3 BT

el
ATHCA ch Sl 0 B DIAp I fieniE e IR P AR R E o & L D A
FREEE A BN oA FFEQGITNY o L RSN gE o S j*a

FEL DL IR > LRk AL L AE rEd > HFE T

> B, e) s~ it

O',fj p ,k=1,2,---.D (diagonal covariance)
Z ﬂj (x,) '
) = (3.18)
Zﬂj (xi)Hxi _/ujHZ
o =
> B,(x)
i=1

Ao At B N 3 FREFIRER S RRELT A A

L VA ke




33 3R & A RKITE HiahP &

[

T T o ST LS TR R - - R T R 4
r'ggﬁr%w‘m]’ﬂgﬁ.]ﬂk\p—i,ﬁi|i ’F,—} “‘-IIIJAJ\-A; f’\ﬁ'-, ’iz‘j‘;}{ﬁﬁxﬁi
A G R EER T 7 REF AL (over-fitting) A F 5 Bk b o A PEF U RE

%Eﬁi;‘é\‘?]iﬁg %iﬁi » V7 Ili‘»ﬁ,ﬁ &mﬁ B B ‘} A3 rﬂ']‘—g‘ 3 ’ f?_{‘;l\i ;?;,fg\gx

P oHIE 0 RER G LPEE TRE A - BELT R

ENN
(ﬁm
=
Q
wo)

Ko AFid - B ARG BB MAHI 0 7 F TR
R P B (compiler)sF 58 o R B i OPFIE > R SaE L
Rl niE o RN E 000 B AR GAT- B E 0 8T i
B g L A, T R R A0 R R L R R 0 8P ie e
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43 BEA 3 IR FEfR T g (%)
5% 10% 15% 20% 50%

w5 —_ | Rl | R2 | R3 | Rl | R2 | R3 | Rl | R2 | R3 | Rl | R2 | R3 | Rl | R2 | R3
0 cm 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 80 | 76.9 | 81.7
i 1o | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 797 | 77.5 | 809
5cm | %] 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 79.4 | 76.3 | 80.9
% | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 79.4 | 77.9 | 80.6
<1 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 79.1 | 75.4 | 81.8
7 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 79.6 | 78.4 | 80.2
t5199.7 | 97.9 | 100 | 100 | 99.7 | 100 | 100 | 99.7 | 100 | 99.7 | 99.6 | 100 | 78.5 | 73.8 | 80.2
t0cm % | 100 | 993 | 100 | 100 | 99.6 | 100 | 100 | 99.6 | 100 | 100 | 99.3 | 100 | 79.6 | 77.2 | 80.5
<1100 | 100 | 100 | 100 | 100 | 100 | 100 | 99.7 | 100 | 100 | 99.9 | 100 | 77 | 74.7 | 81.7
7 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 78.4 | 76.9 | 79.7
f51 100 | 99.6 | 100 | 100 | 99.3 | 100 | 99.7 | 98.8 | 100 | 99.4 | 98.7 | 100 | 76.3 | 72.6 | 78.1
I5cm % 19971979 | 100 | 99.7 | 97.9 | 100 | 99.7 | 97.9 | 100 | 99.4 | 97.5 | 100 | 77.9 | 73.6 | 79.4
<1992 1982 |99.7 [ 99.2 | 97.7 | 99.7 | 99.2 | 97.9 | 99.7 | 99.2 | 97.7 | 99.7 | 72.6 | 70.5 | 75.7
7 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 76.5 | 75.1 | 78.2
t5199.9 | 98.7 | 100 | 99.4 | 98.2 | 100 | 99.1 | 97.9 | 100 | 98.8 | 97.6 | 100 | 73.3 | 71.1 | 74.8
20cm 21976 96 | 987979 97 | 993|975 |96.1|97.9 975|963 | 97.9 | 74.8 | 69.9 | 77.6
41975955984 979 | 97 | 993 |97.6|95.1 | 98.4 | 975|951 | 98.4 | 71.4 | 69.4 | 74.4
T | 84.5 | 83.8 | 85.4 | 84.5 | 84.4 | 84.9 | 842 | 82.9 | 84.5 | 832 | 81.5 | 83.9 | 50.8 | 50.3 | 52.3
f5]88.1 (839925848 |82.1|89.6| 8 |809|87.2(79.6]| 785|833 525508553
S0em 2| 75 | 741|775 | 748 | 742 | 768 | 733 | 72.9 | 75.4 | 72.3 | 71.1 | 73.5 | 50.2 | 50.1 | 53.1
< | 81.1 | 79.4 | 84.1 | 79.9 | 78.4 | 82.7 | 78.1 | 77 | 81.7 | 753 | 763 | 77.8 | 532 | 502 | 53.1

57




Higz e fAp i FENREHA] BRI ME SR BAEF R
LEGEE VS A2 > FREFERD TR EDTAR > B IR Y
* 'FL“$+m1$%A’%f%mi B F o NP RERIE 2 A2
BLEAEE e » PP IE L il MRark - SRk 0 F AR
AR ehF e BI04 Tz BB AR 3 A i e R
oo mipihafrd > » LM AP HizBAER - BT 1wz - - A
L - PHEEF 4G o R &I E R B Bed d DB

o H A G AT

| FRRE fRIEE R WO

L A ibig &

AL & :i#ﬁé#ﬁ
7 -

S Ak &

KM EHE

B 29 MELEINFAG 04 LHOE P EFH A LDT AL
Hotghend & 3 SrenF i GBS R R B2V R L

MEFRET RO X BRI o 2 £ - AR o

58



5.3.4 BB HANRFE L5

e B o id i 2 Sony 2 & ¢ EVI-D30 7 PTZ(Pan Tile Zoom)#& %%

3

CHARE G A P F i TR BRI D > BEEEFEE 0 AR
f [ v
PEEANREREF D ATUE E ARG K T S R S

R FIP o - BAARE PR GIEDEE > LA PR B4, 3t A
gt 0 RS P TRAEERE  BREFE R S R K
g R E T RS Y 0 BB 360 R IR P 0 A dp T
oA A OB S - B RHLR B 28][29]0 H 4 B e g & 4o BT

A

—Z
RF-——>———- $——— ]
plx,y)
2w xR
&l 30 B B BT R B
:‘i%i%%ﬁﬁﬁﬂpr ..lz\‘%lap(xl,yl)ar_lfﬁ‘iR;m;ﬁ ‘::»PE'M]}?T]’A,\ J'{\/

FAREDE]E B AR O(x,,) 2 o Fl2ZFl @ B 31 REEi

- BARREEUERERE TR AU B L GOE RE

Bl 31 R RIS B R s R

AL R E B SRR et s 4 5 2 Bl g

59



TPE N T T
SRR S LEET SESS M S TS T T
TPER & < ERIN R A4S TR U R s A
BEEREF LT F B
§ AR PR RREYY BRI B - EE T
24 T2 EFGRT R SBLEFEAFENGREGTRL 28

LdeT L AT 0 B OB IR &?#i%‘uiﬁ?j & »)g % 42 kL o
27 S BrREOBRUEPGELLEOTREEE Y e

EES R RIS wonznmn| e

54 73%

49 78%

47 76%

49 88%

26 75%

45 80%

1 80%

D - TRHHER S LS B

:\mL

BRI R AP H2

Atg bAoA iR R AETE . D s E A
B - B R BRI TR EA L HRT 2 Lk
B oA ERESSF TR 0 iR R ¥ L MR bdp
B IR A AR B - g PTZ B 5t R e -

60



53.5 F1* B R E 4 4 R EABRH T

B2 WP LGV UERE? R SRR AT aw B
BTl i o Jia 2T Rz B RS - Ra 0 ek F K
BN a Edan g chT AL 37 UARRE b hif pr 4 B A

T_ o F P AN T m‘;':-‘ic j\,ﬁ;? TR F\:E'X\‘o
PRk A PASES T HEET S RREOEE S N B

Pl BHER LG REABRDEEIED 210215 2820 24

50 2 4 dpHl— E e o ELEFENAET A T AR o T 4T

R B Tl | B et ot

%1 BHFP 35

%2 BHF 30 I

% 3 37 35 90

% 4 BB 30

% b BHFF 45 90

% 6 37 40 I

7T B35 25 70

% 8 BHF 39

%9 37 40 95
0 B3FF 40 85
1 33 25

% 8 F o ERH YR TR R
tw P REESE DI & LS - BHA Ev*‘,i B L

e AF T o AT R I B-Ae T BlATor o T Bl s TRB - BHFF o4 2
mtod ba T oo mEE L]0 ’ﬂ#ﬁ&;ﬁﬁzalw%ﬁfl?:mz:;i’
A AETENS R LB EET A BRABE - SR T E R RS2
ﬁﬁ’ﬁ%ﬂ*&ﬁn*ﬁ et v g o RS Filce £ B
o v E N A e AMERDEFF Aok S BEEFREL S <P

Wop R SRR 0 ek WRAE T R EHERLE 45 0 b
Bl W% BFF L0 M0 HELIAREHHEZGS X HHE2ZFai
PR ST FRELE L A R AT A L R AT S
7o BFIRE R T o

61



FE
=
g
i
TN

FEREE

BV
E-IREN

~ g -
\ A \ \ =3
\ NS
-~ . =
\\ / \ v »
\Nif
Nif \ b
A - it \
\ \ i
v
\/ \i/

B 32 REEETR- BER ORI M AF

62



SRR 2w L S ARG S Ry A A F

oo FIMRROR R TP FERRX LR ER -
=3

AP LRF R A B D R B RIEN s A w A AR IREE
B0 BB AR R G FEH R B HS RT AR T R EK

A3 oL o pHE- RF G P BBRAER AT AT

% 9 B %o o g

%25 RE DR 8 5%
A F Y AT H0%E RE A 4 3
sk GARiE 30%% M E A 3 B HR
W - BEREEN B 2 IR
EHER
AZiES B BRE A 1 B3R
3
BoMBER AP A Y 2 BHR
I R ERERL ADFE S FXRRFEIEEEMFTE 2 E 2y ik
P EP 3 ABRER  AHTHEFPRM  BEAOERI - R

oA EAR 33 oA TG - BHE O AR

\\\?{r

BBA €
Epehghd > a ¥ 31 BHFIRNIHTHREPFL > e G - 3 R
7 wF B E(local minimum) > @ H 48R eEk o ¥4 FAER D I

A AT RE Y - LEAL pIVEE T LB SRl -

63



sy s '

1"; :: \ 18
R A L N\
= L7 —1:’ 18 —1:’ 147
E 1755 \ g 179 g 148 \\

— =)

=" \ =" =

1:5 ------- N P . " \ . N

17% " ﬂ___ 143 § i ».._]:: -

I":.&J -0 A0 o L o x g X -0 k[ k] E "3 '\é A0 10 X X

Position Position Position
@/ 33 HAF s Aitg ] EARE D ~ s 4 24535
F Ao BRI AT UF A ot 4R o PR AR B

ILERRAREL T BLERRAR R BLBSRAR LD
TURERERR - TUREREAR - TURERERR -
(0,0,255,100,150) (0,255,0,100,150) (0,255,0,100,150)

B EBEE (T B EBREE (T IEEEBR T
TUHEREAE TLAHEREAR TUAERERE -
(0,0,255,200,250) (0,0,255,200,250) (0,255,0,200,250)

B 34§ EBEE R ORI T LF

Yo R - REZ G d SR B R PR APPES B

BE IR RAD GBS T BRI S R g AR
FIE R 0BT ALY et AR A B ERE M T
FEIHRBPGIENU AT > B RIFT UFEH > L T K5 T2
FEAFDED > T RTF TR BB

R R RS AT A

\

“‘\’.

x\‘\

Fo ARG ESTAT S

64



Eo
Iy

>
»

i

AT AN ARk A BB ERB R B
Ao AR ATARE > ER AP NAR G > F A B
PRI S PRI o AR RA LA F PR LR
ERE Rt LI

FHBOEGE BRT 2+ RIS L LT § RO
AR kAR A pF o LRI

Ty
PR R E hEARY F R INECEAL 0 A - g RER

M F

W
\ (nnd
>~
=

N

&% "Q’ﬁfé’fi 25 z\b"ﬁy\% 5 1) 3T L i A eh

PR IR G HFOPHILISE A DL RRREE G
P B BRI S HPE o ER RS gL R AT

i APRRY A BT S AR B A B R T L 9T

210 CEE S A BE R E A S

i (11 BHF) T+ HE(14 BHFF)
ERE N 4 BHFF | =2EFRED TBFR
Mi>H A bhBHF | Ni>H N 3 BHFF
Faitdol e | 1 BHR Faitdo] r e | 3 BHR
B MBREEE |1 BHR BB |1 BHR

H e

)

P P15 D 1D R EF MR- RApHE- R £ 20 BRAE A S

LA R EE RS s daik- 5k KURYE = R 30 A4 Pk R 30 &

AN

421 B

65



¥ F RHEAIARFEEw

AR o S X SEE LIRS E a8 = LR O S
WA EZEE ST Lend ¢ o T Bl 0R B ) )
et R Fp 2N A e g

*

d IF 8 E

¥

R T = K =8 E

~
=~

el s LR A o

It
N
F’

=

ﬁr IB; /nhﬁi _@ %@7‘ PE’ m/ ;_; /Z"i I—j,‘:', ﬁifj‘f_ mp E] ;1[%73 L %{.
Gis T d U A Al AT R RERIEAL 4 o

BTt PR pEiE o

R
=
R
\,"JU
\ &
3
=
A
Am
)
W
i
|
=
o
W
v

m é‘ﬂlﬁ:gl’ TR o PUEn R ) - Bpd R L g
(SRS 2L BB L) ATk T TS B A S

segmentation) » ¥ R i & PGP F A i 4 4 A 4o d AP
M_'__Ea'%;vf 5*%?]"&?@]28’;%7’17 j&-;fﬁ‘?ﬁgﬂmnbﬂii fiz%’,
hodede o~ B ERIFE 2 MR A PIFES T RGP F
P (T B S B R T LR B ehinl o AT Al gl

3
BREERERL et FRI LR LG R > BT R T LT

66



};‘;rk}_, ’ﬁ _'g:—'\ r._’f’]%TE-‘.r o

67



54 2 g

[1] J. Leonard, H. Durrant-Whyte, “Mobile robot localization by tracking
geometric beacons.” IEEE Trans. On Robotics and Automation Vol.7, pp. 89-97,
June 1991.

[2] GN. Desouza, A.C. Kak, , “Vision for mobile robot navigation: a survey,”
IEEE Trans. on Pattern Analysis and Machine Intelligence, vol. 24, pp.
237-267, 2002

[3] A. Kosaka and AC Kak, “Fast vision-guided mobile robot navigation using
model-based reasoning and prediction of uncertainties,” Computer Vision,
Graphic, and Image Processing:*="Image ,Understanding, Vol. 56, No. 3,
November, pp.271-329, 1992,

[4] 1. Ulrich and 1. Nourbakhsh, “Appearance: based place recognition. for
topological localization,” in “JEEE Conf.-on Robotics and. Automation,

November 2000, pp. 1023—-1029.

[5] L. Pierre, T. Adriana, G. Etienne, T. Nicola and S. Roland, “Environmental
modeling with fingerprint sequences for topological global localization,” in
IEEFE International Conf. on Intelligent Robots and Systems, October 2003, pp.
3781-3786.

[6] G. Giralt, R. Sobek, and R. Chatila, “A Multi-Level Planning and
Navigation System for a Mobile Robot; A First Approach to Hilare,” Proc.
Sixth Int’l Joint Conf. Artificial Intelligence, vol. 1, pp. 335-337, 1979.

[7] S. Tsugawa, T. Yatabe, T. Hirose, and S. Matsumoto, “An Automobile with
Artificial Intelligence.” Proc. Sixth Int’l Joint Conf. Artificial Intelligence, pp.

893-895, 1979.

68



[8] N.J. Nilsson, “Shakey the Robot,” Technical Report 323, SRI Int’l, Apr.
1984.

[9] D.A. Pomerleau and T. Jochem, “Rapidly Adapting Machine Vision for
Automated Vehicle Steering,” IEEE Expert, Intelligent Systems and Their
Applications, vol. 11, no. 2, Apr. 1996.

[10] A.A. Argyros, K.E. Bekris, S.C. Orphanoudakis, L.E. Kavraki “Robot
Homing by Exploiting Panoramic Vision.” Journal of Autonomous Robots,
July 2005, in press

[I1] M. Meng and A.C. Kak, “Mobile Robot Navigation Using Neural
Networks and Nonmetrical Environment Models.” IEEE Control Systems, pp.
30-39, Oct. 1993.

[12] C. Drocourt, L. Delahoche, C. Pegard, A. Clerentin, “Mobile Robot
Localization Based on an Omunidirectional .Stereoscopic Vision Perception
System.”IEEE Robotics and Automation-May 1999.

[13] B.J.A. Krose, N. Vlassis, R. ' Bunschoten, Y. Motomura “A probabilistic
model for appearance-based robot localization.” Image and Vision Computing
19 pp381-391, 2001

[14]H.P. Moravec, “The Stanford Cart and the CMU Rover,” Proc. IEEE, vol.
71, no. 7, pp. 872-884, July 1983.

[15 ] J. Borenstein and Y. Koren, “The Vector Field Histogram—Fast Obstacle
Avoidance for Mobile Robots,” IEEE Trans. Robotics and Automation, vol. 7,
no. 3, pp. 278-288, June 1991.

[16]J. Santos-Victor, G. Sandini, F. Curotto, and S. Garibaldi, “Divergent Stereo
for Robot Navigation: Learning from Bees,”Proc. IEEE CS Conf. Computer
Vision and Pattern Recognition, 1993.

[17] L.G. Brown “A Survey of Image Registration Techniques.” ACM

69



Computing Surveys, Vol.24, NO.4, December 1992.

[18] H. Tang, T. Fang, PF. Shi “Image Feature Ratio Model: Similarity
Measures with Both Semantic and Visual Features in Interactive Image
Retrieval” MIPPR 2005,Image Analysis Techniques, Oct 31-Nov 2 2005.

[19] A.A. Argyros, K.E. Bekris, S.C. Orphanoudakis, L.E. Kavraki “Robot
Homing by Exploiting Panoramic Vision” Autonomous Robots, p 7-25,v 19,
July 2005.

[20] R.C. Gonzalez and R.E. Woods “Digital Image Processing”, second
edition, Feb,1993.

[21] L. Jan, Latecki “Image Similarity Measure for video Analysis”
Proceedings of SPIE - The International Society for Optical Engineering,
p219-227,V 5018, 2003.

[22] H. Greenspan, J. Coldberger. ““A continuous probabilistic framework for
image matching.” Computer Vision-and-Image Understanding, p 384-406,v 84,
December 2001

[23] http://islab.ee.fju.edu.tw/member/92/steven/ch6.htm

[24] S.C. Jeng, J.S. Hu “A GMM-based Method For Dynamic Background
Image Model Construction with Shadow Removal.” Electrical and Control
Engineering, National Chiao Tung University, July 2005, Taiwan, Diploma
thesis.

[25] T. Deselaers, D. Keysers, and H. Ney “Clustering visually similar images
to improve image search engines” Lehrstuhl fur Informatik VI, Computer
Science Department University of Technology, D-52056 Aachen,
Germany ,Diploma thesis.

[26] C. M. Cyr and B. Kimia, “A Similarity-Based Aspect-Graph Approach to

3D Object Recognition,” in International Journal of Computer Vision,

70



57(1):5-22, 2004

[27] C.C. Lin ~ J.S. Hu ~ Dr. Chi-Cheng Jou “Shape Memorization and
Recognition of 3-D Objects Using A Similarity-Based Aspect-Graph
Approach.”  Electrical and Control Engineering, National Chiao Tung
University, July 2005, Taiwan, Diploma thesis.

[28] T.E. Boult, X. Gao, R. Micheals, M. Eckmann, “Omni-directional visual
surveillance”, Image and Vision Computing, p515-534, v22, July 2004

[29] LIU Hong, PI Wenkai, ZHA Hongbin “Motion Detection for Multiple

Moving Tracking by Using an Omnidirectional Camera.”

71



