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3D Objects Segmentation Based on the Balloon Model

Student : Shu-Wei Chou Adpvisor : Dr. Yu-Tai Ching

Institute of Computer and Information Science

National Chiao Tung University

Abstract

Three-dimensional image segmentation is an important topic of discussion in medical
image, however, in order to achieve the goal of image visualization, it is necessary to
segmentation and reconstruction concurrently. In this thesis, An Inflation Dynamic Geometric
Model based on the snake is proposed which can be segmented three-dimensional image and
object reconstruction. We apply the method to the volume data of fruit fly brain. Experimental

results shows that this technique can segment and reconstruction well.
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2.1 Snakes

Active contours, & #"snakes”[15], 8~ f& ¥ § e MGai £ & 11 0T A
o %‘Jﬁ‘ d ¥_3& snake e # (internal forces)¥? “t # (external forces)iE snake i B R it
RHEGIP G P WER & § LY PR o Snake WA ILE Y ALY
Ao Ao R iR s A £ 2 [6] - W os B2 FREEL o BB ARG

¥ 5 chsnake ¥ A5 V(S)=[X(S), WS)SE[O:l] s T - BER Sl @A B S BEE L
1
E = | {Eq VS EL V) Tids (1)
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Esnake (V) = ni[ Eint (Vi ) + Eext (Vi )]

[a(i)Econt (Vn) s ﬂ(i)Ecurv(Vi) + y(i)Eimage (Vi )] (13)
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BBV =V, 0V, =V, By ® By, & B $HE snake - s @ i fos Spos o 5o
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# &} 30t dynamic programming 07 3¢ F F 5 o e ¥ - 2 G o 4p$30 dynamic
programming 7> ;¢ s greedy algorithm #r#i% % A& # snake 2 § &% £ i £ & & (local

energy minimum) =4t Bt o
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F =k, A(s)— K2t (y(s)) (14)
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2 Balloon Model 3 @ ehg: s &)k

3.1 # f % ¥ #-73] (Dynamic Mesh Model)#§ 4

Bz P e B > RPR

qw

Rojean S e AR 7 ek o 5 B s el Bt 41 P 5
SRR 0 BB TN il Br b 2 R Y e BRAT A T AR Bhenim B R R AR A B 0 Ao Bl en
B FrEeb(A24n8E) 0 @ R dT BN iR Br L B2 gL L o

SRR % g enghad & e (edge) 0 * k& rsnakeF B A R B fide 4ok AR
A ez AR F A (volume data) b o i@ S enZET A R A T B ek Br > 1 = & i e
t % H(triangular mesh structure) 77 = S8 T AL s Bo Y £ - fERGE £ 02 50 F) L
Bgh Rl s AR T RE S B g 0 2 AR R SHE G {5 R T gl A
FLt T iz kR *f?,-,\ ¥ At % B3 7] (dynamic mesh model) o

WAld SRz &4 G M A WAk > & - B4 Bk(control point)d = & A
cif T oApal 4R o @ PR R 8L T APl B 0B (2 R 0T eninternal force 0 5l o4
B E oo B TF ?T‘ % o Inflation force § § #-#5fn + cngkda 3 @ > E FlanA Bleh
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T R B R g LA T A A B P o0 * B i oA 2 (Dynamic Subdivision):#-
FREScwmA R REFEA G TR E S L > B I F & A B SRGE R A B
ko [W3-1] o @ % & G e A iTi 2 AT as 2202 7 g i = Al ifdh b

Ahnit 0 2 ZERE A A o

[ ® 3-1] * inflation force ¥ 35 = ‘a#h fri

3.2 Inflating Balloon Model

v

BBR R B R B e A (8T A ey LAee 95 3.1 &6 LA B A AL
% s i a0 Inflating Balloon Model » = = = &8 e 0 #-3] £ 2 - Balloon Model
Fd Bz da0mmedml g d - Bi ] o g %E,f‘f—;—f#[ 8] 3-2 J(octahedral structure)
A AT hedh B 0 g s b enEk % T inflation energy (B € vt B E B TI4Y % 3 A S
W > § i ART e ae P RS A AR5 o F RARS e Tk 2 2 o A § A
i# % 72 (Greedy Algorithm) % fi# ;& snake ¢ i & & £ {* OB XL > HHA P hF BEF 48
MELE P o B(15)F 2DV P B o) i B EengRB 2 o B R EECA| o onE - BhiaB
R T E FIARSS 1 S aciE B G2 RAR > T A A L B R
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[ B 3-2] Model %= 4% &r

3.2.1 Balloon Model ;& & ;*

N HNF B E AT

.

9

T &
V= (Vi =(yizi) |1 = 1,2, o0} Snako Ey gl BE o 08 e ] 8k B e o
Neighbor (V): .= 8 » £ PsRlBN R 5 026 A% A o

E(V:ERV i B & o

. A4t - BEF N g §8 1T 5 snake e~ 4o ki > 22 = = & iv P—"]‘é%#ﬁ °
II. #%fsnake } # B EELV fa
i. & » (15)3* & Internal Energy - #-i& 1% » E(V)
ii. g B 1 pl(BEdge detection) » & # 5 @B A o &~ (21)3+ & Inflation
Energy » #-ig 4c » E(V)¥ o
iii. #-V & B Neighbor(V) i » (i),(ii):* & E(Neighbor(V)) » %
E(V)>E(Neighbor(V)) ] #- Neighbor(V)sz % 5 » V = 2 %348

F AR -
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III. %+ snake 72
1. Self-intersection [## (3.2.5)

2. pfand jydelws 3] (3.2.6)

IV. % snake # & Jcariz 2 (3.2.7)P 2 & 425" » F Plpew IL

AW B2 ¥ o self-intersection f# £ §_% 7 F# oF snake BB E P 0 A4 T R
¥ B 4P % (self-intersection) ei-25 » @ He 45 eds fg 4o fm o B P E_E 7 %4F snake ¥ fw

BA A IE N Al BB BA B0 WIER > B 1A 2 Model it B 0 e aceh

\F‘b

>

S W AT G g HFEma o

3.2.2 Model #Internal Energy ¥_;

Internal Energy i & £_% 7 3G i §2 2 TR R > T EHCA G B A £ BE

His TR GF AR w1395 greedy algorithm[14] > 2 _3& #¢ i Inflation Balloon

A 8ok

F_

ModelInternal Energy & :

Einternal = i[a(i)Eelastic (Vi ) + IB(i)Ecurv (Vi )] (15)

n4_snake F ¥ F|8eniB BV =V, =(X,,Y;,Z;) |1 =12,...,n}; Eclastic = Elastic Energy # % if-3%
snake F BLerig 1 > Ecuy & Curvature Energy * % i 4% snake#s Bz i > a(i), B(1) » %
SR E (weight) 0 5 1§ 03 H e > 1R a()=a, B0) =4

#-a, B ~ %] i Model:felastic parameter#? curvature parameter > Elastic Energy ¥ 2 & & :

(16)

2 (5|5

jeC(vi)

Eelastic (Vi ) =

=V, —V;;Vj& fesnake ! &2 Vitpig e g8 > C(V;) = &Model® & 78 2LV, 4p i % gk

£ 5 d % hsnaket o TERDHE R A
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Z Edge an

Edge={Edge, |i=0,1,2,....m—1}; # ¥ m~& _snake } 4" 4~edge:i# #i - Edge; 5 snake F % iif

A hoedgesnk B oo ot — Kk fiv B B 1 guB AR ¢ o snake  eip I BER-E G o
P g B AP e BFTIOER S d e o
Gaussian Curvature #_ % & * ka2 &P & o F 0 E 8d F > AN P L o Piren

Gaussian Curvature[9]¥ ™ T_5% % :
G(V,) =27 -4 (V) (18)
He A.(V) 5 B2V, 2Model} e 4 B (total angle around vertex) T & :

=20, (19)

oeT (V;)
T(p) & &Model® & § BV, 2 & AJREG O A TEY, 62 6205 & > [F33]

% 34 ehGaussian Curvature 7 &, B

[ ®13-3]) Gaussian Curvature T %, B8
78 BLvenGaussian Curvature & 27 — Z@i ' P1.P2s-- P B2 TEBEVAR AR GIMB R RE > 6 5
i=1

BLVET AR AR TR BRI Pis i & o
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1295 Gaussian Curvature(18) _& #' i* iiCurvature Energy4r ™

E o (V) = G“;) (20)

Curvature Energy#-i¢ ¥ Model e Br 4 & 3% L 7 Jf* ° 454 4k e chgf 2 577 4o B[ B

3-4] -

[ #13-4] Model# it 4 & % 1 17

B2 R T Model & & B3 BR% it A o d 2 3 4 A B 5 5] ~50~ 110~ 250
=% iteration té Model 78 0 A7k » % 0202 S F] 5 X T P fit £ B 58 4 Fiteration =X #ic

e > Model e v i § ARABE Jf o

3.2.3 Model #nflation Energy %_s

Inflation Energy &_— #& #-Model } crfy 4| 848 o 20~ B e M s freni £ > 7 @ 7
Model s Bra= 4y it % (8 { 4venff iv o & D snake iA» 4o B BRPF g F enA 1 A > 0 TLK

Modelrnflation Energy = :
E.c =—{7-IN(p)-M1} Q1)
¥ % Model:rinflation parameter > N(p) & B BLperz » £ » T &K 5

N(p)= > N(o) (22)
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1. & 7 % ik 2 (Edge base subdivision)
fsnakesh— 1B A5 FE £ K PF > $tsnake P ihE — B R B 2T

FERATE - BrUR RIS vl R him A 2 A eht 2 4o Bl [ BI3-7):
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.
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TE%!—_, °
Non-Active(F):% F + = & 8 gL 47 if BIFIER A LB H P w @ Truer 3 P w @ Falseo

Gray(V):+ & snake + "B 2LV &Rt A FEE o
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TALE A AP AT e ar B Wik 2 > A& snakedhiteration® d 2 FF 0 3R B B A o fF (M
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Inside_Object(H)
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{Inside(Mesh;,H) 3 True #distance(H, AB)<d, AB ;i Mesh; * 7§} = iZFalse.

Z A/ % & True. (24)
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(a) (b)

[ 3-11] |47:E 2 28 F = &350 30

FEHE = &2 AABCHIN 30 > B ZAHB ~ ZBHC ~ ZCHA 5 ¢ /[ 22 180 & > E R -
FZBERY EF - BARA 180 B APT UEHN SR ERME DR
@ o1l ZAHB % 6] >3+ % HB » & fr HA % £ ¢ f HBx HA » 4o % (HBxHA)-N >0 N
5 AABCeit v &+ B & & ZAHBY 180 R od = % & & ZAHB ~ ZBHC ~ ZCHA %%
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True » B % & 2:H2 AABC e ABryBCH: CA (b4t » % 5E4| >t Tk mdy B 2] %

ZEH = & NABCHuE b o tima 37 BiEdn T

rS &Y

Vertex: 5 Bhen ookl g 4 o

Inside_Object((Vertex)v): z_% 4=(24) -

Neighbor((Vertex)v):® i 78 8L v & A | 7zl iT 2 o

Mark((Vertex)v): { :c 8 8L v A& 2|82 ih? A Fe ia
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L. Initial a seed (Vertex)v.
Queue.add(v).

II. Do

if [ Inside_Object(v = Queue.front())] do
Queue.add(Neighbor(v));
Mark(Neighbor(v))=100;
else
On_Object case:
Mark(v) = 255;
Default case: do nothing;

} while(Queue.empty() not True)

TP b aF 8 2 o A e BT XL T 5E & Model ez b Fa
PI3% BT 0 F 45 AT B » F b ende (T 102K B cr BEACRE I 5 255(4 BB g A Bk o
F 2o BB AR R G 100 M R S K B BRI P T O R BRI A e b
FBHAL B o I g 5T A s B P et g > P AP A B2 R
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