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Methodologies
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ABSTRACT

Cranioplasty surgery ranks top two in latest nervous surgery operation statistics in the
Ministry of Health and Welfare database. Except metal cranium implants, another traditional
cranioplasty surgery could hand-made prosthesis by using bone cement. However, the perfect
fit and artistic prosthesis is difficult to fabricate manually, especially, the random defeat occurs
in different surgical cases. Via 3D image technology progress, three dimension cranium images
helped surgeons to observe defeats easily and visually and establish a better and precision
surgical planning before the operation. 3D printing technology mature assists the surgical
planning to excuse in the operation. 3D printing mode for bone cement plastic surgery will
significantly reduce the surgical time and enhance the medical quality. Based on this reason,
artificial intelligent design system developed by this study would like to establish a commercial
software that will design the prosthesis fit, uniform thickness and customized curve
automatically.

This study proposed the Demon registration algorism corresponding with transformation
of polar coordinate to establish the automatic cranium defeat repair system. The result of repair
algorism by using polar coordinate performed better than Cartesian coordinate in cranium
defeat repair. With linear interpolation method combined with the polar coordinate algorism
will significantly reduce the process time. This study will validate various clinical cases to
perform the system reliability and designed prosthesis accuracy. Through the algorism
development, this research would like to establish an automatic repair system to solve the
surgical unmet needs of prosthesis pre-process time reduction, accurate prosthesis structure
fabrication, finally enhance the medical quality in the end.

Keywords : Image Registration, Polar Coordinates, Demon Registration, Skull Defect

Auto-Repairmen Algorism
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TC 8772
Algorithm Best Fitness Worst Fitness Mean Function Median Func. Standard Derivation Medium Time  (s)
(%) (%) (%) (%)

GA 73.4751 68.0531 71.9890 72.5405 0.6342 173.0723
HS 69.5255 31.0352 56.1286 62.1287 0.0042 7.9333
PSO 73.6621 42.3930 69.5516 73.6621 0.0022 184.1375

TC 8808
Algorithm Best Fitness Worst Fitness Mean Function Median Func. TR Medium Time  (s)
(%) (%) (%) (%)

GA 69.5164 64.6399 68.3382 68.7715 0.7473 173.7692
HS 64.5173 36.8291 51.2728 54.4475 0.0037 7.9151
PSO 69.6184 61.3342 67.7773 68.6799 0.0005 176.4573

TC 8916
Algorithm Best Fitness Worst Fitness Mean Function Median Func. Standard Derivation Medium Time  (s)
(%) (%) (%) (%)
GA 52.9140 51.5474 52.2575 52.2638 2.9725 171.1812
HS 51.2841 26.9674 46.4804 48.7981 0.0037 7.8599
PSO 53.0127 51.5145 52.2834 52.0166 0.0001 173.9541

FAL %

12
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IR IS R N e R e R £ J-E-E & RNy
Bk emh B2 OB A iR ﬁwﬁﬁ Bl 2.9 #ror -

(30 (100) (38 (30 (D

Higher Value:

B 29 #HE ER
7L kR : Rudek and Greboge (2011)
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«)La%]ﬁ‘]ﬂ mﬁbﬁ_&&;u; .
138 _qx(i,0)-E(i,J)

— (2)
S 138 _qx(i i)

F(x)=

A X GRERET e CT B [~c 5 B thox anid Tl %5 8> &
G E A RE G § R e B ifox £ P B R ki dp 3k
FEERASE > THENIEATE R ERRZE AV

T@zmééﬂﬁﬁ%uﬁﬁﬁﬁéﬂﬁ#%%ﬂﬁ@%@ﬁﬁ%ﬁ
WA E A adkF kA S ELE S Emhl S s R s X B
Fle wer Y B2 R0k R A &% 2 7 3311«; BidfR o B LR
i# 7] 80% °

30% 80%

(R R 5D
OO O,
(o M KR N R 5)

B 2.10 GA fi% N F 35 5 1F fRiE AR
7 4L %R : Rudek and Greboge (2011)
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AT Y R GA kiap B0t AT TS A anfE a2 4F BAR
B % ki g oeenin s > B- BT R EAHRIE (B 2.11)-

the solution

S constructed
.. piece

L

junction A

problems /\ -
B 211 B GBI A G sndk 8
Tk kR : Rudek and Greboge (2011)

224 .3 HFH 2 HIE LS &

(Marceloetal.,2013):% 5 Rl & s8R B2 e R0 CT F2Ap i > 2 % 43
e AR N I A IRR] (superellipse) > * L& B &0 £
G N et Y 2ls - QR ot I B AR SR o AR gl A

% PSO ® “ripdl4g iRl P chddks ta R L b ®bhL T v m
S8 M A0, N, 2 BAER G R

TR 212 5 6

(a) thidics [a=1, b=1, m=6, n,=250, n,=100, n,=100] ;
(b) %8s [a=1, b=1, m=6, n,=250, n,=100, n,=100] ;
(¢) eh%d i [a=1, b=1,m=4, n=1, n,=1,n3=1];

(d) eh%die s [a=1, b=1, m=4, n,=200, n,=30, n,=30] ;

15



o 15
o4 e
oz
o
0
9
g
a
a4
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o @r 9z 03 05 @5 @6 07 @a 03 5 E e o
o o
o o
0 o
0 02
¢ [
23 e
2 2
2
2
85 @5 41 27 8 oz ©0 18 85}

@
B 2.12 245 o Sec g B ] BT 03 8RR a0 Rk

7L kiR © Marcelo et al. (2013)

B Fulgmi (c) & (d) vPaga~bs ¥4k > FEn N0, ~n,
B o FREFLE DT AR (T H G
EAAAARY -

EW \\\ﬁ}

R I G L f= S
li

ﬂ&”ﬁiﬁi~%%ﬂﬁﬁéﬁﬁﬁwk’%u%@ﬁa%éﬁ4
=N

- S D E)
1% = X(1))

(3)

16



T 5 213 5 PSO AR HFFI Y RF A R

EAT T PR T
KPR G R SR F S B S AR E A0 Pl B 5 W PR
& o

Original CT sample

adjust #1 adjust #2

(a) (b) (©

adjust_#3

(C)
adjust #4 adjust #5 adjust #6 Result
. .
® ® (®

(h)
B 2.13 PSO & 45 & 4 {2642

Tk kR Marceloetal. (2013)

X

i

—_

# 2  PSOEfedtr o A & BT AR T 424304 PFF R pR2Z
RRAE o i8S B224 R S AFRLANASZ A -

junction problems

constructed piece

original bone

Bl 214 BARFS DR T AFREFE
TR kR - Marcelo et al. (2013)
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2.3 IR AR He RUAT B 44T 28

(Rudek, Jahnen, Recherche, & Henri, 2013) & 18 ] & gg % 4% 3p e % 328 > 1F
% r24 &A% % 5t (Polar coordinate system ) 3 3 1 » #-A A B & LR & s

T §: 0l 4 & 37 1T S 4 A% » 4oyt kaﬁég«m:,g AN P EETR 0 A
ARl 5 R CT Bif® GRS iR R4 3n e 7 a2
T PAB- ARk o

TR215 FmAtEEET AR R L%Etffﬁ'm}ﬁf‘ ¥ CT R g 4% = &
BTN VEIRLP A B BB Flpb i 7 2] 7t 36 CT s AR
TR o

PPy, Pz Prem}

g % i | Fallure Position (ROI) PEHCPnery Prtmezir Pt Preal
O=xrad _” A I
xrad . |

Bl 2.15 4 i f 4 ok 0 RER F B R
7ok kR : Rudek et al. (2013)

24 /| &

SRS SRRl Ik B E LR JNPEIE S e g P S A SR R
% - K (Yuan-Lin et al.)p # 2@ F g B2 2% e 2 @ % chffend
EIER P 2R AR i R EE CT #20 % = K (Hsu
& Tseng)F 7 i& * fpad SUF B F AR E RN F L A RFEE IR
BA AR Y R SRR S Fp g ERp B @w | et 3F AR A
RaFETF2 285 5 5 %= & (Rudek & Greboge)2 % » £ (Marcelo et al.)
RFAFFEZE2 R FIHEFLZ A FREZFAFT R GRITE 2
P ied RArid t anflend L PFFY RE PR R 2B (s T D g A
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B Y A F GRS PR T N A T Y S e SUE LR
LI IR

AR BGA R BT A0 0 AR AL S 8 SR ende
-

JHr EALARARA B B Hep e LR 3 4R A
B> TH 216 AT AmAE AT L - EN AT AE & FY A
B2 W AT A Bl AR GRE R YRR ke A
WAt H AN EE o A AT R Y ST B RN EZ F 9 (R

fmenfy 5 oo

B 2.16 1245 B 4 % RIGE F BLIE % 3 5 0 ]
TR KR A5 g AT

=
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%3ip;%

AFEE AR E B AR 5 MATLAB £.d % B MathWorks = # #7 ¥
3 R %Eﬁ?ﬁ%ﬁoMATLAB FHONFE B TR TR A
BEh B2 B RAILAMENE T AT ER DS P F L - kAlaiw
¢ e Bl CT R i » B s griemenitm > PIRFIR 4 2
CE R EET T NIt LR HE RS T
ENEZMPIERPABNEATE T I 22 LG .
31l ikt EH

YR RD O FERPIFEZEFABCBH O LFRG - T
e KRBT 2105 By > 74 ki fﬂﬁp% g A o

Marceloetal. (2013) &7 7 © #& | A g ¥ $5 - TR > T R
] R A AR SRR - RS AR R A A R

d P afEd R - L PR E R BN R ET
A Bl ARG R A F A DT - X RBAT 2 (7R A AL
#hif it 7T W nk o BE RO B AR AEF B RAE > T H
AL TR N R AT S 2 2 R4 o
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CTH s 2] 22 18 1 1 4
BB A

od /Il C fd

SN TR

REE - R RBP4 BERINA 2
fm & 1S R

J/

Bl 3.1 AT B> E 2 I ARR
TALKR Ay R
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3.2CT # %A %\]ﬁ'ﬁﬁuﬁg% ELPS
R @ﬁ%—égéﬁﬂﬂTﬁ%ﬁﬁéﬁﬁJé’ﬂCT'%ﬁ@%
G A ”‘Eﬁk‘i%{iﬂ’%’#\#{tﬁhﬂ EEIRA > Ao T B 32 ¢

Bl 32 77 0 CT # i

TAL KR AT R

CT #ij i — i ¢ Hghrrif & e 1§ B17)(Gray scale ) 47 48 % R A% % >
FRE ARD > k2 X2 AAME e > FERAEARS A E32¢
Ro LT fe e B i AR o
@B CT B ihis » & i?uz‘?g 7 8% A 2] (segmentation ) > 3 “/T‘
AR AFEEDER d R R eRE o FILRYRAE R T
gmE o - FiRh T BARRSE S fﬁi‘??fﬁ% g et s » B ig
WARFERS R ;I.&? EFH 33
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bR

R

SRR IR T chd B > @ AT TR B ey B B 0 e g TR
BRI BT AL B A G

3
LhFAE 0 RS TR EAR
H A tﬁ*’ﬂm?f 7]

IR o dmT kMg I RE Y TAHE 3
ANFET TR B PINA 0 4 #{EP"E" IR 4] 3.4
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B 3.4 #H B AR (2 R e

#e— i p o CT PG R LS RS p e s {7 R 9977 o
RBEF B 4o 3.4 477 > B35 5 %
VAT - H IO AT CT R IE & B = 1R A 50

3 |
¢
i
Ty
I
>z
e
)
(w
RS
‘f‘*’
F_&
I
ey
o
1%
RS
4-70*
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3.3 & i i 3%

FL AT R R AR S OAE >
SRR e - enE £ B K Ed S iEAp T L E S 0 H 2 gk
5 RBEO4T B 3.6 47w 0 iR  (0,2) & (-2,0) & 8o

-

B 3.6 3 & &7 R B
FH KR AT T
AR AR Y AR A Y - AN BT d A RS
%’ﬁﬁﬁﬁﬁﬁﬁﬁéOﬁ)ré&%Oﬂ&%%ﬁﬁﬁuﬁM@qg
OR) 5ZEEEE &1 e Xihad & (Eis+,2012) -
fEE B (XY) Eifhad i ot ool

X=rcos@
{y:rsinﬁ (1)

gt 2 S R (02) 8 (2,0) T

0=2c0s90 —2=2¢0s180
2=2sin90 0=2sin180

e AR BE S (0 0o ) 3.7 41 0 B & B4R (0,2) (22,0) A
% (2,907) ¥ (2,180°) -
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90°

(2,90")
e
/, ) ‘\9
' 9 N
180° Ok L
.
(2,180°) 0
270°

Bl 3.7 &AL 4T X B
TALk R L AT KR

$mme

® (2,180")

® (2,90

Bl 3.8 #E¥kiE i ok AR
TR kR Ay R
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3.8 e R AAT AR i€ ¥ iR ARAES o AR 32 24 L i1 CT
B e A AR B AR 1S T 4] 3.9 HToT o

B 3.9 CT # il A AR5 18 A AR 3 12
FH KR D AT T
Bt d CT B a2 48 A B0 18 0 3 CT B ffdp so g 4% & 3D #-
A 4o@) 3.10 #7570 B 3.10 H AR B o enl T o

B 3.10 0t % (5 CT i
ALK R AT AT
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3.4 .5+ % I DB T B

SR R R 1S ) 3.10 S AR BT L R EINA LT 2
0 4eBl 3010w Y i’éf?é'?ﬁi;‘?ﬁ% ok

SR EFGRINS S F S
F R 2 3A 0 B 311 50 g2 Bl e

B

B 3.11 4sf+ L33 3

THAR AT ER
3.5 g% =% : Demon registration

AT AR Y E R 2 5 R %2 ¢ o9 Demon registration(Thirion,
1998) » €.~ 6/ *

4 2 P = T (Magnetic Resonance Imaging, MRI) #*
2. ¥ 2 ejF & 72 > Demon registration 7 MRI 8 thendfi= @ 4p ¢ B 5z
(Castro, Pollo, Cuisenaire, Villemure, & Thiran, 2006) > Demon registration &_
ks (Optical flow) 7 A#FH BB KRBT HH D = > 0T L3P 75
B E2Z RIS F B R JTac 2 o

BRRILG A R GAEF R £ PP Fof e P EEGF
teF s R GREEE G E Mo om R M Y RS R 0 B
#(ER)u:

~ (m—f)vf
VE[* +(m—f)’ (2)
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i}

@ Demon registration 7 cost function 7 :

2
U)=|F-Me(s+U)[ + Z|uf (3)

i
lal}

BPAELFSSHEU) LI B0 S BB AM PR S F 2
B { FT75 S« S+U ’O'iléi’axjf:»— ”‘#"&Az\»g;x‘g\@}igliéfx\ﬁ_(? R
)l?""' T] 1A %fi]“} o

T

2
A s B EWU)=F-M-(S+U)[ —i2||U| B~ Fiigy cha BikE B p

TR E - R S
2
£ (u) =] f ~m-+uymf’ + 7 Juf (4)

He R F bR ®paidR milURHEMeSaR »u i
AT AE BN RRpECE (AT VMG G EZRp R E
B E(U)iEARY o aF - B R ATE xz\% Bp iy gHE o HYbE
AV

vmff + % (5)

# ) EX!J%ZE(U) 7“3‘ *Q;}%\ I AR Zé F'jb”)i Pf‘i‘**':g’:VE :

VE(u):Z(Vm)T(f—m+uVm)+26—‘2u (6)

Oy

AFEE AT enfac™ i A R T 82 (gradient descent algorithm )
(Madgwick, Harrison, &Vaidyanathan 2011) » Bt B b | 14 5 P %> & fj}bq\
HPHBVEZ B ) B> WHVE 23 EF 2N Z8p AL E B
VERFRICAHEIAEERE e F7 5 FRBFEAE DL

CEWNT
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3.6 # BB A BEHINA 2 to & 15 2

B S H IS A hn S R Ao B 312 (a) #ron  FE IR KBRS
TEDBAT 2. F 4 A v B A2 I RIS H P

s

K t&4e@) 3.12 (b) ”Lr-rod"“g;c?*‘rl/,};;}%vvwfg LA s AT FP R
ERFNGA B R - BB ES IS B F S AR B oR 312
(c) ’ }fﬁi}é‘ £ 5T F AL DB B —biaﬁ R BE R KT B
B TR E (voxel) EE L IR 4o 312 (d) o IR L 4w

*5#&9&511 i A AR IRA o

B 3.12 (a) =% B ~(b) ¢ 23 =82 Fd BAImMA
(c) Ed Mot dmotprz 2% ~(d) #% 34 B A
TR kR AT AL
EEEEAINA G > F o H A GG S TR & i gL
Bed 3 B BEMAEETTHRC > SRR 313 (a) 0 T 2R A
EEF G L ENINA > 4] 3.13(b) ZBIFRA 0 5T LR R AR
R BRO A GAE L F G BIA L 2 B2 4R 3.13(c)>
B fs L MR DT AR IR o B8 TR AR ) 313 (d) T &+ 73
2. Pt REF 24T EREIRA o

...,\\

N
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F13.03 (a) Tifit sz % ~(b) s LM (o) B4 BHi-%
PlRzEmiE s ~(d) Sadmz 2 fE T B4 BEIne
THLkR AT R
o MgEF AT AL AR R R S R B RS 5Y  F RBE
ﬁ%%ﬁ’%%Q%@&Mﬂm’ﬁjiﬂ36& EERE AR L AR
AR AT BT 2 R

Bl3.14 B8 B BMEBIFHETEE25%%
TR kR Ay R

31



3.7 LR 152 S5 W)

d *> Demon registration 7§ % PO EEY 3 AFELED
RRRE > Tl AR DR AP R (Malvar He, & Cutler, 2004)-¥-/ ] 2°
g ] 14 v MR E AT P2 pf“q"f‘i,‘_ e EE R RE T REITEY R AT
TR o

AR e RIS R T RRE S R BRI 1B SR
2 Jipz £ 3
38w R * 2 IR F

BTREe R IFIKRBELHG AL RER Y - R AR
FoH R FREY AR 315 8 2o g2 HEB A S T4 3
Wi B AE T ST ORI AR Ay ik T2 2 E R AT R IR
THEEFEFTAITE I

B 3.15 = &g ¥
FALKR R kAT g R
2 3.1 R R EE R T

i = 7] %100 =

F125~ /| 50~63
x Bt S8 R 0~80
y R4 = R 0~100
AR F R 15~55

TR KR A
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g

ol BH T L 100 =0 0 Tig * LT 5 50 1] 63 2 B enffliE T 47

P FASEERT o xFRR A0 80 ZF 5y K LA 0I5

1002 F Sz o Rl 15 B S5 2 B » i s S g2 = = =tig

BEED o AT %600 BT E 2% 4o W 3.16 fr A o

FHL KR kAT

1R
FUHRBAFREF 2 B E S PR FEBA S22 E
rv
rr :fv—xloo%
+ mv (7)
fv=o0v - prv

mv = prv —ov
rv=prv— fv—mv

ov i Ak dE IR A

prv i3 A4F EAY 1 s

fv © prv ZAT B A

mv : prv &2 ov A £ A
v :ov £ prv & fp3k A

g AR
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% 42 5 AR AT T RolH

WFA - ¢ 5 CPU 4t ~ ML
2 OTE AR EZ AT TR il B

L RARTREIE AL 2

,g * o
%42 T ME R
T AT E &% 8 P
CPU 2+ Intel® Core™ i7-4720HQ
B AR =l s 12GB / DDR3L 1333
(- S Windows 10 % 5% /64 =~
® % g MATLAB R2016a

THLKR AR R
A1R* BARBHEE s RAFEFBR2Z L8
411113 & AR B AL AR F
AT BAE S ER N RN R RA R R

R Nvmﬂﬁﬁ%“*@ﬁﬁ” NTehigi o AT A B &
B % /}\‘—r AR X6 TR H o
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B 4.1 B3R ¥ B
FALK R kAT g R

35



RS T T C e Y S R L R I T e
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S ﬁ%&g\»vmiﬁ*ﬁa\ﬁ&j‘ |5 & M4 BB FH T 4oB

42 (b) #r7 > mET k2 pE B IFEZ T T EERES 20k o

Bl 42 (a) K¢ Ry Aa 22483040 ~(b) B4
FHR KR D AT AL

i\4
P

¥ L Frs

oA AR B SR AeT B 43 ftn 0 HEmig & A 45 R
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