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IMAGE SEGMENTATION/ACTIVE CONTOUR/SURFACE RECONSTRLIION/

SPHERICAL HARMONICS/INTERACTIVE SURFACE EDITING

In the past, diagnostic medical instruments suctXd&ay CT scanner and
ultrasound were all monitoring in 2D (white-blacki\s such, it is relatively
complicated for a doctor to communicate with theatients. Meanwhile, medical
informatics and computer technology have been nterged able to display 3D
anatomical models. As a result, internal organtglagies, abnormalities of the fetus
or gender infant, for instances, could be monitoaed diagnosed more efficient.
These tools, however, come with a high price taghibiting them from being
acquired by smaller hospitals. To elevate thisdsghis research adopting various
image processing and’ Programming techniques tonstwmt a 3D model from
multiple medical images, enhancing its visual caghpnsion, while maintaining the
lower cost of conventional equipment. We also destrate our schemes with some
synthetic data and in vivo fetal echocardiography.

This involving process consists of starts with aeseof 2D segmentation using
a greedy active contour or Snake to extract obgcinterest. A collection of
segmented contours were then used to create res8&® model using real value
Spherical Harmonic expansion of a surface. Showderfaithful surface was required,

interactive surface editing was provided to efintlg correct object — image



discrepancies, after which the 3D model was locadlysted without having to rebuild

whole surface.
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2.4.2.1 Principal Component Analysis
1Hlumsildiwadoyadioas aatSunadeyacdinaia wilaaients

AATIUIULAYD IV 93a (reduce dimensionality) (Herve Abdi, Lynne J. Williams, 2010) (@ ARt
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n XL'—)? 2
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[ N [ I~ 1 ?x’; a Aa &
A1aul5159u (Variance) Na3aud 10181551l umaudulunsada aai

anfumdsaevesdiuiiounuanasgIn gasne (Walpole, R.E., Myers, R.H., 1990)

2 _ Z?:1(Xi_)?)z -
s?= [fE S (2-10)
MAU51U591599 (Covariance)

cov(X,Y) = ?zlw (2-11)
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A a Y [ Y] v Y 9 an = [
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v 1w 1A Q) Y Y o X = @ A Y
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voamsrugnngluuih llgmssuaidiuszuulugdveunaindanunalslsiuioy

<3 v W an ' . .
e ldimunnmMstuamlsuestoyaauiAdIua1 (Rindsay T Smith, 2002)
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C(Z,X)C(Z,Y) C(Z, Z)
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ad o v Y 4‘ aAa
2.4.2.2 I5MAIT0IHRENGAVRITLINIUTINNA
(Plana Fitting 3D: Least square plan)
ay Jd v A ' @
nmsiadoya (Data fitting) Av M3ai1eianFudonTosnrvosdanls
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2.4.3 Minimum spanning tree

9 Y
[ C% IS

4
FIMTUUVUADUNITN Minimum spanning tree U ﬁmmﬁmnﬂumiﬁ%’nﬁum

aad A ! Y

o s & o 1 3
VDAULUVUADITTUUAAD HJ?Julﬁl']ﬂm’E]i@Nﬂ1ﬂiﬂu'31!111ﬂﬂ?ﬂﬂ‘i$‘U'Juﬂ']iﬂ’l3)u1’i'u1vlu’ﬂéﬂ$lfﬂu

'
a a

o A A gy 73 o q ¥ &K D)
113N PCA %170 Least square LlJ’fJhlﬂl’lﬂm@ﬁﬂxﬁﬂﬂll1ﬂ$°Vl11147151U31W1!W314%$ﬂﬂﬁ'51\1

U

2De
ﬁgq

HUU

9

@ a A 3 ~ X a A E
‘ﬂg’JNﬁﬂﬁluﬂﬂﬂNﬁlﬂ oAU UTLTIY HaZANMUAITNIVVOINURINIZYNAT 19U

£l

=)y

N
o a3 Y o v A 4 ] dy Y I a = % 1 A 1 Y o
‘ﬂuﬂuﬂﬂx‘l‘ﬂ1ﬂ15ﬂaUﬂﬂﬂ'l\‘léll’é]%’lﬂlﬂﬂﬁmﬁ1u1‘ﬁlﬂullﬂﬁlu°ﬂﬁ‘l’]%‘llﬂﬂ’]ﬂuﬂ@uﬂﬂ WIVINT1ING

9
%

Y J v ]
NINUA N30WINIINIAYNIHNALEY AstumsNazAunudunielldign q szuiuis

o 3 v v, . ) ! g ) ) A% A o
%HﬂUGIfJ\‘lGl‘I)' Minimum spanning tree FUNIBIYLNTIE Lﬂuﬂ15ﬂuﬁ1!ﬁu‘ﬂﬂﬂﬁuﬂq@viﬂEl\‘lnﬂ B

%

o = 9 9 A 1 o o o %‘
Tnua Tasmnuaizenldlviuann Tvuauagnnidunsfouns MaauANNEAYU NN

A Y ~ ° A [ [ 2 o A 1 v 3 v A w
Tasisunnadosnga Hinsirouass Inuauy wazdniunisas ldluanihminfiaenu
19 =\ d‘i [ 1 9 A = [ 1 %’ o a EY 9 9
uat TnualalimsFouaes lnuaualvg lumeuaedn dauaniminildlumsaunudunig
Z A I o ~Qq Y v A 4 A o AR Aq Y
Puazilasuanszezmandlunasnuilslumsnaunanisveannees laslioansinunly

Y
aaae lli

2.4.3.1 Prim’s Algorithm
a " . A A4 4 g ¥ qu
HUIAAYDY Prim’s algorithm ADI31910 THUATUAUIINUU g Tviua

Y A ~ d‘ @ [ =/ A %’ (Y] Y 1 dyd' YA [ @
IndiRsandounuegNiiidunis lvundimindosge (lugiuiinldaendsnulumsnduy
N Y H 9 ]
naed) AR YR Tnuaiy o Ao Tasidunianiy 9 azdedlu lld Inuansiuben 1uuda

nazvzded I 1dnsunnTruaasg) (Susanna S. Epp, 1995)

10

319 2.19 nmlAsAY



20

511 2.20 suadwaa1don Prim

2.4.3.2 Dijkstra algorithm
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A1519% 2.1 MTNMTAUIN Dijkstra's Algorithm AU

Trua d(v) pred(v)
A 0 0
B infinity 0
C infinity 0
D infinity 0
E infinity 0
F infinity 0
G infinity 0
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4 | Tnuailiduas 4% a15ni weight(ij)
FOUN ) Tnuan¥ouny = weight(i,j) d(v)
aADNIDY NINTUN +d(i)
B (A,B) 4 4 4
1 A
F (AF) 5 5 5
TuiueudenTvua B, C, D, E Fiuniounylvua Auazlvuaganiofo G il
9 Y
VUADUAIL
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' v ]
A15199 2.3 MINUAAINTMUINVEIVIUINIT LAY d(v) s0UMN 6

4 | Tnuaniiduas P 21507 weight(i,j)
50U7 ) Tvuafidouiu | _ weight(ij) dv)
dousou Wsan +d(i)
(E,G) 4 13 12
6 AB.D,EF,G G
(F,G) 7 12 12

M13199 2.4 A1319LEAINITAIUIUVO Dijkstra's Algorithm il 1N Tviua G

Triua d(v) pred(v)
A 0 0
B 4 A
C 10 B
D 8 F
E 9 F
F 5 A
G 12 F

2.4.4 msa%ngilmuﬁa (Surface Reconstruction)
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a 3’; A, 1 ] 4
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(3

Y
3)  @519602% (Index) lutsaznifl

@

d Lo 2 4 2 o
5% 2.26 M3l 51 227 gUmsadregauuiuiy

U

g a U 5 1
4) ﬁ%’nimuuwummﬂmimﬂummgmamau (edge)

vi=v;(1—u)+v,.u (2-19)
Tagh

_ U1 _
u=ot (2-20)

9

o Jd v ' 4
5) MUIBUUINADIAIRIN (normal| vector) UDILAALIALUYNUIAN
o & 1 ] {
6) AUIUHIINNDTAININ (normal vector) VBIWAAZYAVUMNIGA I ALY
2 ¢ = vy &£ a ¢
NTUABUNITHINBIAYTLNBUYDININIUDINITATNNUAINNYANINUA

awnsoaglagagili 2.28-2.30

= J g v d
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2.5.1 ﬂﬁmmﬂgﬂmmﬁuﬁamanau (Spherical Expansion)
] Li’ a Y Lg a 9 49( a = 42‘ =S g’z [ a 9
ﬂWi‘IJTU‘WHW?iﬁﬂﬂﬂl@ﬁwuﬂﬁuﬂﬂﬁﬁL!agW‘HW’J'D'TU!JEI‘UEU‘L!’E]ﬂVIQEJQﬂ\‘]g‘iJLﬂthl'J
o Y A Y Y @ tg a
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ﬁ’aammﬁammuaﬁ’wﬁmwmqﬂammfumﬂuuﬂ (Spherlcal harmonic Function) c?iwumu
g‘/ a Y o dy Lg a 9 d o I'4 a
ﬂﬂﬁuﬂ@ﬁﬂﬂlulﬂﬂ\‘]u fﬂiﬂlﬂWﬂﬂJ@QWHN?ﬂiQﬂﬁNﬂ?ﬂﬁ\?ﬂ“BuﬁWiIlluﬂ (W.H. Press, B.P.
Flannery, S. A. Teukolsky, and W. Vetterling, 1988) Aon1stilasgauunssnansaiinilaniiioss
I Aav A . Y A 7 .
LﬂuﬂﬂcluWﬂm“Nﬂm (Cartesian) ﬂﬂﬂgﬂllﬂﬂﬂl@dﬂliﬂﬁ (Fourier Transform) LA$9¢NTE1YIA
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1 A @ Y Jd o 4 a . . A
AN 9 114?]’31“‘3?]\‘]@]3@1’%1&?[“@ ArelanTUNIInanas luia (Spherical Harmonic) Taganud

IS 1

NITNITVYYAVL 6U‘Lli’]fl‘mJEJiJ 6 1ag @ VUNIINANT ﬁiJ“I’i‘LN‘ViI!’JEJ ag ﬂ?iﬂﬁﬂﬂﬂﬁiﬂ‘ﬂi\imu‘ﬂw

2 o o w =) g Y v dy
‘U‘L!ﬂﬂﬂ"lﬂﬂ@]”lﬂ@klﬂi%?\lﬁﬂi ﬂlu@]@u@‘ﬁﬂ"lflllﬂ JU

G

x(6,0)
x(6,0) = y(6,0) (2-21)
z(6,0)

Taei x, y, 48% z (U AMan1A (Cartesian)

6 € [0,2m] ttag @ € [0, ] (2-22)
ﬁqﬁﬂﬁuuﬂmwzuﬁa“lugﬂuuuvjfﬁﬂ%’ (Fourier series)

x(0,8) = XiZoZm=—yi "V (6,0) (2-23)

ﬁaﬁﬂﬁummammu 315 luila (Shperical harmonic Function) 49

m _|2l+1(=Im])! 5|m]| ilm|o }
Y"(6,0) = f . D! ——=P"""(cosh)e (2-24)
Tagnanau Ina Twilea P

-1 m m dm+1
) = S (1= 1)z 2 (62— 1) (2-25)
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N http://www.stat.wisc.edu/~mchung/research/amygdala/ [20 March 2013]
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r=\x2+y2+22 (3-1)
6 = tan~* (%) (3-2)
®= cos™'() (3-3)

wazanusoutlasnauldaneaunis

x = rsin(®)coso (3-4)
y = rsin(@)siné (3-3)
z =1rcos(®) (3-6)
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/I pseudo code to Generate surface from Spherical H
**contour //Set of point from Active Contour(x, v,
maxOrder = getOrderFromUser(); //get order Spherica
harmonics from user

sizeOfclm = SizeOfOrder(maxOrder) /lget size Of clm
clmx = (double *) malloc(sizeOfclm * sizeof(double)

clmy = (double *) malloc(sizeOfclm * sizeof(double)

clmz = (double *) malloc(sizeOfclm * sizeof(double)

for1=0 t o maxOrder {
ZZ =ZNx = ZVy = ZVz = 0.0;
for m=-| tol{
fori=0 t o n {/n number of **contour
/IV is original point **contour(X, vy, z)
I Zym =Y (83, 8;)
VX[i] = contour[i][O];
Vy[i] = contour[i][1];
Vz[i] = contour[i][2];
P T

10.0) = T Hrie)o(0

\/_cosmq> , m<0
o(¢p) = { m= 0
V2sin|m|¢, “m:< 0
P(coso) =1
P®(cos®) = (2m — 1)sin6PM =1 (coso)
P 1(cos®) = (2m + 1)coser(cose)
le(COSG) _ (21-1)cos6P?, (cose)—(1+m—1)P{2, (cose)

I-m
r=.x%+y?+1z?
0 =tan~! (X)
X

0= s )

T

Vimf= [2RCmDpini gy, )
ZZ += (YIm[i] * YIm{[i]);
ZVx += (Yml[i] * Vx[i]);

ZVy += (YmI[i] * Vy[i]);

ZVz += (Yml[i] * Vz[i]);

armonics

2)
|

— N N

i

i
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clmx[I*(I+1)+m] = ZZ * ZVx;
clmy[l*(I+1)+m] = ZZ * ZVy;
clmz[I*(I+1)+m] = ZZ * ZVz;

//Spherical harmonics point to create surface

I x(6,0) = X2 Zm=—ici"Y™ (6,0)
fori=0 t o gridsize{ //gridsize control smooth of surface

theta = (double)i / (double)gridsize * M_PI;

for j=0 t o gridsize {

phi = (double)j / (double)gridsize * M_PI * 2.0;
ctsX [i][j] = ctsY [i][j] = ctsZ [i][j] = 0.0;

for =0 t o maxOrder {

for m=-| tol{

index'= [¥[(1+1) + m,;

YIim = SH (I, m, theta, phi);
ctsX[i][j] += (m_cX[index] * YIm);
ctsY[i][j] += (m_cY[index] * YIm);
ctsZ[i][j] += (m_cZ[index] * YIm);
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/lpseudo code for generate new surface at error are a
if error== t hen  //get an error index contour and (x1,
y1, z1) from user

idxError = getPixelError();
endi f

/[Find new clmx, clmy, cImz to generate surface
i f error== t hen
Il idexError oia Use old pixel to compute (X, y, z)
I/ idexError new USE€ New pixel to compute (x1, y1, z1)
ZZ = 7Z — (YIm[idexError oia ] * Yim[idexError od [) +
(Ylm[idexError ey * YIm[idexError newl);
ZVx = ZVx - (Yml[idexError oia ] * Vx[idexError od ]) +
(Yml[idexError  pew] * VX[idexError newl):
ZVy = ZVy - (Yml[idexError o ] * Vy[idexError od ]) +
(Yml[idexError new] * Vy[idexError newl);
ZVz = ZVz - (Yml[idexError oa ] * Vz[idexError oid ]) +
(Yml[idexError new] ¥ Vz[idexError newl);

endi f

/ICreate new surface at-error area
i f error == t hen
/lget thetal and phil from error contour.to create new
/Isurface at error area
thetal = ConvertCartesian2Spherical(idxError);
phil = ConvertCartesian2Spherical(idxError);
forl=0 t o maxOrder {
for m=-| tol{
index=1*(I+1) +m;
YIim = SH (I, m, thetal, phil);
ctsX += (m_cX[index] * YIm);
ctsY += (m_cY[index] * YIm);
ctsZ += (m_cZ[index] * YIm);

}

updateSurface(ctsX, ctsY, ctsZ);
endi f
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