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3D Obijects Warping Algorithm Based on the Active Shape Model
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Abstract
Recently, there are many ways to do image warping. Most of them were based on
Registration. The registration based approaches need many user assists and thus are
not automatic methods. In this thesis, we developed a 3D warping algorithm based
on the Active Shape Model (ASM). We call the proposed method the “Active Shape
Models for Warping ( ASMW ) ”. The method was applied to warp between

mushroom bodies of fruit fly brain.
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SR E - BINA R AR P pE L e
= 0SB B %3 (R, R, Ry) 7 F15 BB AAMes B 3000 g

(Model#z 37082 i) chiefdZ de 8o ch4BRZE B EHE > &

b

#c % Model i Model £ #1T B R &/ ffe> #7025 - B g & 23

hopEE 8z B B EnR RN & TR B £ Stepl H_% — FEEL B
#% > Step2 #_% = FEEC

Stepl : Learning to Correct Model Parameter.

Fu= (upu)  t= (Sy8,taty)

I.  “Training Set® $

- i Sample » ¢ 3% Sample:~Model

parameter ¢y, Pose parameter #y,4 3 Texture parameter u

II. %# 2 4 Model, Pose 2 2 Texture ei% & dc¢, 0t, ou

. £ c=dc+c,.

IV. £t35t)58 ot 2%t chPose parameter* 7, =T,,(T, (X)) (T
FE S SNHL (1] HED) s Y X5 B (2.18) N3 E kA
.

V. Luiui§iE ou # %1 ciTexture parameter » 7, =7,,(7;,(g))
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(T35 % 538 [1] D) 4 ¢ g i (2.19) 3
Biserid,
VI #ci x (2.18) 83 {87 {8 Xpey » B#-X,0 55 Pose parameter 7,
(Xpew) 7 18— #7eShape X 5 #cit » (2.19) 8 {87 -
normalized ¢Ftexture vector, g,.
VII. #4718 enX "B~ H % :zSample b #1d ‘%}%%] PRl 1§ 4F -

Texture vector, gin. (gim* % Enormalized )

VIIL #-g;, ffnormalize® g, =T, '(g,,).

Fhefr =g -g,
FFesep W oo 0u A Og 0 2 1R~ ¥ - sk Sample (G
Training Set? ) & % IIERTRSL > & 75 _'rﬁSamples’F’fS’éﬁ?u i i
multi-variate regressionei1= ;2 328 Model 2822 A 14 £ (og ) i

%R, Pose? 4 B2 £ fd AR, 3 Texture¥? 4 F¥ X enhf 4R,

d = R.og
=R &g — (220)
Su =R,

®izfd > 2 (multi-variate regression)) ¥ F AR i tFR A L OfFR
T A4 ¥ dcE B linear chiE i o Ft 1T K A EHE G R TILE M

~

Model ~ Pose 14 % Texture %

s

FHVL - RPN Pk 0 e
ik 25 ([1184) -

Step2 : Iterative Model Refinement. ([1]) ([4])
ﬁia?J - #7Sample Lye,
. %2 - ZeptpupBBe; %~ (2.18) &2 (2.19) ;N GiETHw

¥ — Shape X2 Model #7 & 3§ gy
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L 1 #* XBXa E (telew) B g
m. +%dg, =g -g,-
IV. 3+ % RMS 4 E, =g, |.

V. 4% (220) & & Sc, 5t,0u .
VI. &k k=1.

VIL. £ ¢, =c¢, —koc

t,=t, —kot — (221)

VIL 1% 378 S ke deit » (2.18) &2 (2.19) ¥ {8 - Shape

x'¥ & 4 — zrdaModel tekture vector g, 3 2 1% T, (x7) BX.

IX. I #* FrEnX B8 (e ). — * 518 Normalized shTexture
Vector, g

X B’\g.s_Tvul(g-im) ’ I;J_"B" @lzgs_gm'

XL Bde|g, T <Eor RIB~Bcptougtt 2 0, E S £ B

w [V H =,
XII. ER4S k=15,05025%5pw VIIBFHRF > £4F VI

I XIL 2 7] RMS - B 4% 7 fics.
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T B Fig. 11 §1* AAM # & 2 A= R3TenA s @ ipdd » 5 - 29 e
{-i; BHA AR A AT A G E f%\ﬁ’f’!‘:’ ¥ (Face Centre) ) #R %;# AT,J * AAM 5§

Model & 37eng B i enz & (Fit)» €2 % E F @iz g -

Fig. 11 g # » A sy
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2 its Converged (11 its)

Fig. 12: §1* AAMEH % EF Feggeniz i

2.3 B

=

WE R &P 0 ke 487 MY ASM 2 AAMGF B2 0 T RO R
ch1 25 ASM 2 AAM chE W00 2 T P e e iREL > U P E i B A
WU PR - B AR ALk B A KR A AT
BOURRE oMU AN ASM K s‘b@ﬂ' Shape * & AT 3 > Flpt 30
ig’g%aé’r:@;;%?h”: -"i FS, AAM#{,; AE B RS 3
BAz ke U oR g wwl 'ﬁiémv’%'“ » F]UL AR E kA
5 0 AAM it 43 0 ﬁnﬁ rﬁ..,:"ar_,_::,{AAM SRR R
ff»i@ﬂ« HE R A w%aﬁ@gj *‘qu B h oo FILETER kAL T
7 feng BApsteand A o f 0 RE R FLASM Bl R AR E Bk
TEAS 6 T 0 F T AJE T AR AAM B 0 ol sehg
g o TR R F R0 R TG A R S TR AR s Ry e
fho FIP AT Y AR AR ASMeh= 2 R B F) 5 3 HhEASM
A H L AAM 23D b B AR IR (Pf 0 0 BBk paper 4e[4]) 0 7]
S &1 (TR e 2D 2 2 £ % FI3D 0 T 6 - R e )

# ASM % ¥ 3D %4) i & 2
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¥ ASMW
(Active Shape Model for Warping in 3D)

30/ A

-

v ARAEZF M ASM & AAM g B2 > AR &R Ko

i

2

#ASM TE- e i g 45 (Warping) 020k 5 ip i T4k 2] @A) 1 21

A\

L

F_&

ASM — £ % %) (Shape) HB &7 & L4t A B 44 v 87 > it L

Ve R R AR Y

? T F Hehaei ASM RGETERFG e %)

—Hr

i

-2 Y AHEASM & ﬁ AAM;@’%é,;K?i&IIJ

F_k

pER

|

(dﬂ
!
~=$
&
oy

4o £ 2D I 2D gk o Fptr 50 - BRAE

‘-r'
bt

T, AEd ) B

".‘Ell“\
‘3\

=

—3D AT gHH A IDFZEAT T YL ML AF & R oo g
2 47 g EE ASM R B 2 e AT G AP chen TR G ¢ i 2 BRE
AL Fl AP e 2 L ASMW (Active Shape Model for Warping ) P mﬁ‘}u’ﬁt

i A7) 3D AL -

2w A hY G A RTI A2 EE ASM § ASMW chizdf 8 5 & & chp 7L
SR B P et - Bk EE T PR AR S A
A K F AR 0 gk IR R A A B &P ST
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@ FEFAFWOUN S L G 0T L F AN Y R B LY pd
Po— it gk (Landmarks ) > @ 3 fc@henP~j2 22 ASM B2 - 4% > L3R

(boundary )~ 2.T 4] 2 % e (T’ junction) 17 3 3.4 AcBhe 43 lcBLF > £ i
-2 AL 2 {8 iERAGEE @& g%k i L T F (Smoothness ) o (4

®l)

High Curvanire

\

- Equally spaced
— intermediate points

\ Ohject Boundary

T Junction

% “TF ¢ Samples s HRBLFRA-TF T 01 0 T R HF R ME B
# i Sample s gkt & 1 B XiDimension L& e € > H a3 4o 4
o
2D £ 1% ¢
X =X, Xt X Y Ygen Y. ) — (3.1)

3D & ¢

X, =X, Xy s Xy Yis Yoo Yo s 203 2y oo 2 ) — (3.2)

24

¢ ™% % 1 Sample > n * % ¥ £ 3 n % Landmarks -

—

@ d 3 % Sample #7i = el & f2 % Training Set > 4 (3.3) ;% #771 :

T ={X,,X,50c0s X; 5o X } —(33)

i %% F% [ Sample > s * & % 7 s B Samples -

3.2 ASMW

F]7 ASMW £ ASM i# B i & A# Flt e A £ A A kT4 8 %

- 3L F ’*,T*u{i Training ! model » % = %4 B E A1 * ASMW (&4 48 e 2
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( Warping )

3.2.0 Training the Model :

% Training sz B H 37 - B2 5082 ASM BT apk » 55 - s 2 &

I.  Alignment the Training Set :
B A JE A Alignment #7F ¢ Samples > & B P HE_5 T i dr
training 7} <7 Model & 3 & > Fla R Lk - A8k
training ) % ¢ Model > e £4r% HEF B riadEao s 25 £ 4
2 AATB-ANfRT R A - R ip i F1 R 0 ¢ B 0] 97 Training &1 %
7 model > Flm € i A fs p TR S gL 5 @ Alignment
g% ;N § 3% i M Translation » g Rotation 11 % ,%{ﬁ"%’f. Scaling *
i f_"&lei—ﬂ o

II.  Modeling :
Modeling 538 4 22 ASM = %+ 5 1} Mean~Training Set #-7Covariance
™ % Covariance ehiF s £ (Eigenvector) ¥ 4p & chdd Hic e

(Eigenvalue ) °

Mean :
— 1 S
F;fo — (34)
i=1
Covariance :
_ IS ¥ Y
S—Eg(xt x)(xi x) _ (3.5)

Eigenvector @22 1p ¥ J& crEigenvalue 4; :

x
\\\?{r

e <[1] eits A 12 3 [2]>
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x=x+db — (3.6)
% ¢ @ % Eigenvector?t= chf & » D= (g1, 02, ... ,0na) > £ B AP H
R e BB A = (A1, Aas..., Auxd)’ 5 b5 7 23 % 8ic (a set of parameters of

a deformable model ) » b = {by, ba,..., bua} * b 5 ¥2H] x5 > fi

b 5 Model Parameter ($-3] %-dc) ;#-#% % (3.6) § 4~ Brux s

'l

f 8 @%(d X n)-dimensionz B chfl A ra cnfk & (Ft 7 B ;

Face —Space » 4= Bl #77F ) ;

34

ek

;2 2DE 6] R REELA(0,0) T OB 5P - BAR R

#5 (ab)ra~bsE- RITU* BT HE N RBE (q,b):
a 0 1 0 0 1 0 a
b 0 0 1 0) [0 1]b

e (ZJ i e £ A (3.6) 3¢ ¢ Model Parameter b > @ ¥

1 0
Vi :Jé;-ria]{o Jﬁj T (3.6) ¢ ch Do
B2 72X 2+ & ) Eigenvalue ~ Eigenvector ~ Covariance 2 % Sample

somean > & FE S E G * I (AT Warping chpFiz ) 3k

/> §_mean ¥ eigenvector > i#¥2 ASM = 2 ¥ 7 4pf > ASM % &

(dm

* A gAY 3 41 * 3] Eigenvalue 22 Model Parameter % %7
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loop . F & > 227 HE S wART AP B8 A 3 £k

ASM - HFERE AT AP IER - RATHRTT (bl4e &
N b2

ASM ¥ % i&f']ﬁﬂ(Z?)SM[ RERLREL L SRR
i=]

WA~ B 4% > F15 v %451 Model #T = 5 Face-Space ) » ]t

B {$ 7 & % & Mean ¥ Eigenvector » & °

3.2.1 Warping (ASMW) :

- &3 3|7 4o training ) ASMW dmodel 0 iE— & -4 2 [LAoe BF
Transform 774 2 Model Parameter b (3.2.1.0) > 1 2 2. 4cie §1] * T2 bié criTest
Sample, Iresisampre (#1iR1 ) ,% 7 = Target Sample, Liger ( P ¥4 48 ) (3.2.1.1)
BA A

3.2.1.0 Transform T 44 2. Model Parameter b 8-{7 .

Feis 3 A S DB b A 2 B 212 ASMUR B i Pl 2 - B
e An i (R AR TLE b EF 2 ASMW £ — f8 (7 52) 527
&0 Tt R AT R T8 b i 49 € ¢ Test Sample v A% 4% 1T Target
Sample » #F14 A b § Lt Fauc g B AR R BT ART

B bg R

® 2 p3 - Sample> £ U P $hiE Xy > 205 1T Xm0 P e
Model x ¥t it 8 ( Transform T¢* Model Parameter b) .
® p KT pieh (3.8) 7% minimized >
Yo =Ty X+ @B)| = (3.8)
® FhHizY G Ihidhl

Tiemp : Transform T %513 % (temporal buffer) (X, Y, Z, s, 6) >

%0 X Y, ZiA T X, YR ZIIRX, Y, ZR R,
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biemp:  Model parameter %773 % (temporal buffer )
(&** s dimension vector).
b : Model Parameter buffer (/& >% s dimension vector).
T : Transform buffer (X, Y, Z,, s, 0).
Cont : 3+ Hc® » &K 5 0.
L % biemp=[0]sx 1.

I Abemp> (3.6) 3 x=x+®b » 17 — Shape x.

temp *
L. 1 * ICP% = 2 & 11x22 Xy, B & 1T, (1 * Scaling ° Rotation

12 % Translation% =& ;% & er2? Xy, 54217 ) ©

IV 1'] * 1\%’? L—;ﬁTtemp}-;i"d-)(sam T'Finverse ’ %g,x’sam > x.;am = T;emp_l(xsam)
V. 1% b, = O (x — )_c).,}ﬁ biemp-

El=| x == T (x+ ©b)
VL ¢ — (3.9

E2 :| xsam temp (‘x + q)btemp ) |

F % K Cont = 0k X EISE2 i 2 b= bionp? T= Tiomy.

VII. % Cont = Maximum Counter s 3‘ EbBTH A %P B4k

o
VIILE Rlgtw & 115 2 Cont= Cont + 1.
i%fﬁiﬁ‘ﬁié{'@é”l?:&%“i?g’iﬁz?‘]’tﬁv?ﬂ?Téﬁ’b%‘f\ﬁiﬁﬁi— L
0 dEAER o THRFRDA e FI T UBDATR L - A

—JF%'% P = [T b] ’E %Jf'@; ﬂ-rlz)I}L? '}—‘:"\‘PKFI%P i L’r’xsam

Model x ii4%% & (match) » P = #3454 [12] -

3.2.1.1 35 :

%

T '—%—- LRE Hrie i@ m“’? Al FJITestsample'gélla = p R4 'Egltarget i
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ISR 2 Model B enT2r b - 4c(F1 % 3.2.1.0) » 2 (3 TR en?

XTestsample;t%q;:"\:MOdel )_C ’ ;IE%‘%‘# ZQLMOdel%‘ﬂ} = f Jf%"—*;’ ’?_%_L' v % » e
LF 5 FB> 2488 @ Model & Xyge 2 B A2 ¥ I &

Transform 7£°Model b %-#c > F]pt & Jf A 4% 32.1.0 & 974 L e

1y
= B

i Model &2 B Hh-F M2 B HTED > ot i 53 B X eswampre i< Model i

“o é%:\'—k',’ﬁ % %\;)(target :

Xtestsample

155+ B Hitest Sample B
Model A Transform TEH

Model Parameter b (FF2.2.1.0i8

2 A TED S
Hiestsample S8
Model
hodel
7 T iaroe
H¥targetBibodel 7 Alarget
Htest Tolodel B ThaD 58

(RIFE3.2.L OB E
eS|

I FH SR ERRY

Model Editarget 7

EITEED ;5 Xtest ToModel

Y Mtarget, Xitest Totarget

XtestTotarge

Fig. 14 %3, 4%
B¥F RPN o @ B4 (3D - Volume Data » 2D - Image )
i’véﬁé‘ﬂj(Warplng), t—L__" - —F)";Q :%— v —'ﬁ ﬁf'l'&fl’?@;?‘/?qdﬂz ‘—;htl %)(teslsample

ﬁ% :"\;AX;estTotargetﬁ/r/‘ﬁﬁi > M "\5 ‘;"\;JL% :’l:'J :}';' 'E_g _rﬁ.%"llj ’ —:d— ? “j‘:‘j‘%/\*;’ %_Q ﬁj%qi



EE NI - B E s FMA L R ARP D > L
ARHH ORI BRNH O DIP DS AT £ A N essample
XiestTotarger & £ x g+ & - % (dxn) -dimensionshe & (dHR & e
AR Glde 2D,3D 5 n &3k i gk en#cE ) T 2EE B F 0 2D 3D
CY SR B T ST R S S T 10
Dimension » # & 23 A4v% B & 23D > R % JE EXegsamplel® ¥ 3D_F cim
[0 T - szectmmplej? wE AT ERITRART R i %3
g B ik ey
® FEZY G RYIREAL
Xiesisample - Test SampleFCenterline °
Liesisample * Test Samplecn@Bl4% 5 514 2D 5 # 3D % Volume Data % -

Xiarger © B 154~ %8 g0Centerline

X : Model ¢ Centerline ©

Tromoder © @ Test Sample % = ModelsrTransform $-#  ( ¥ % )
brosoder © @ Test Sample % = ModelsModel -8 - ( 7 17 )
Troturger * @ Model% = B &4~ 17k chiTransform 5 - (¥ i )
Brorurger © @ Model % 2 B {54~ #1774 eiModel 48 o (¥ i )

@ : #7i® d chiModel # s f eigenvector #7 %2 = ehmatrix > T @=(p,

P2, .. sPs) °

o HAihNd
¥ % B Shape :

4 Sample % ¥ Model x=T"(x)—¢b — (3.10)

d Model % ¥] Sample x = T(x + ¢b), — (3.11)
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@b & e 7 Local warping » T ( Transform ) %_Global warping °
FE B #2033 A g (T = Global warping 14 % — =& Local
warping °
H
d Sample % ] Model chi=% +  x'=T"(x)- Dist(i) — (3.13)
d Model 3| Sample ehi= ¥ x = T(x'+Dist(i)), — (3.14)
A Dist=¢b =(Xd1,xd2,...,xdn,ydl,yd2,...,ydn,zdl,zdz,...,zdn)T ’
Dist (i) = (xdi, ydi, zdi) " +i 5 % i % Landmark spcsd £ (38

- Dist %83 ) x=(x,p,2) 0= (x,y,2) (112 #% 3D 6]+
2D HFf Mz BT

I. 435 d Model 3} Target Sample 2 f& - Transform 77 7urger’™ % broturger
FI# 3.2.1.0 & & #efe e F e

I F1* 3.2.1.0 = 5023t 8 Test Sample 22 Model 2. & enTransform
Tromoder™ % Model Parameter bronioder > T & F1* TrortoderE brosoder € £
Xrestsampie® = Model (1% 3.10) » F-Xiesromodel-

Ol Xesmormoder38 28 €~ Bn X da Rk che £ > wF %+ § - Bnikpoints
e € (4ef B 3.0 &) F1 5 8 B B ngample
Warp ¥ Model + » fiz @ I % — 8 A3 ch= 3 > 51002 f#
Kiesitomoder* 4% B (Landmarks ) » B %5 » 182 £

Beit B e Xesimooder P HBE 1A BBEG P S % - B g
(Blde 41 x 41 x 41 602 = 45 B F AL EE BRI
9T BRengE d o & R RE L B OB ek e (120

BRI RY o B R 0 PoBCTEERE R HREL IR 0 &

7 ;ﬁ;ﬁ—%’ EAE ﬁ’i’j-ﬂ,'f " Fig. 15 (12 2D7% & Bl G ) :

38



Dist(), T

—_—

Kl Tamode] e &7

TtestTomodel

[testsample

Fig. 15 #-2%w R =% 2 7 L B

+if AR AE AR i eni 2 A8 %35 Model *
g e (97 FER ife)e A B,C 5 Landmarks » ] & = 25 £ & B
Landmark 52/ @ Modelt {8 #4211 & chge ] » iz ¢ chgh & 54 i
shLandmarks » A;B 2-CRF e 4t §_Shape £ 4p ( % Landmark
HVE R ) TOLEREND S A3 - B F R T 0 s
ﬁ*a; PR o FE Y BBOTIER T F o J|* R ORRIT

%= =X & ¥ T BBAT RS HLlandmark 5 S BDist (i) 0 R

B}

%; ATIJ? (314) 5\: ) i rﬁ;i,ﬂ;\b‘}* E'J};? * I{L[Testsampleé ﬁjt’-ﬁ (.

N

2L (x,y) (hiz® ) BN =8 digEd £ w 84 F]Model +

R (2T B BT R e TS BT L R B 4R iT 6D
Landmark & &2 3% BLer” 2 577 (H it chE ) B 421T > bldoik -
BE BT 2 ML F S BT B A e - g
PIP 0 aqok? FIDFIER BT it i B 2
BLARIRIT > F 2 JEHL A BRARGR PR E R0 R R £ AR S doid

3| % B 4p b FEAE HLandmark PF B U 0 e B eh T i T

39



Distance(i)+ Distance(j) +.../t > & ¥ % B & iT §E 3
Landmark# & ) 4 & #1718 8 i Lesitomode! °
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3.3 2
AT Fig. 16> 17 > 18 4 — B 417 2D § & % % > Sample .33
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e Fig. 16 (& X %2 0§ ) 5L % | Fig. 16 & Fig. 17 cha B &2 57 & 1%
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