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ABSTRACT

This research is made for reconstruction of 3D solid model through
medical images. The methods of reconstruction nowadays can be divided
to two types: one of them is building curve by the contour point data as
first step, then complete 3D 1mage with curves’ sweep rates and mixed-
layer; another way is stacking the image through voxel technique. Though
these two ways could make 3D reconstruction of bio- medical, however,
via method of curves’ swept- blend and mixed- layer is so complicated,
which couldn’t be made without turning the data into curve; and via voxel
stacking technique would make holes and alias. Therefore, in this study
using polygonal mesh as basis of 3D reconstruction could simplify the
producing process via point data without turning those into curve.

How to reconstruct 3D solid model rapidly is proposed into this
study. Using grey prediction theory to search out contour point data in
each layer of medicine image as primary step; then completing sequence
through interval arithmetic, and reconstructing 3D solid model via
polygonal way. After saving as STL file, display 3D solid model of
medicine image through virtual reality and RP. In the end of this study, to
take human braincase and femoral bone as study cases, construct 3D solid
model of medicine image through polygonal method successfully and
simplified a quantity of steps, furthermore, use curves’ swept- blend to
reconstruct these two solid models and analyze them, the result shows
difference is in acceptable range, therefore it could be realized that this
method is feasible.

What in this case we’ve done are:

1. Using programming language finish to the construction of STL mesh.

2.Construct 3D solid model of Bio-medicine image through polygonal
method successfully.

3.Reconstruction locked on human organs, processing analysis with
software and the difference is in acceptable range.

Keywords: Medical Image, Polygonal Mesh, Grey Prediction, Edge
Detection Differential Operation, Virtual Reality, Rapid
Prototyping
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2-4-2 Voxel = Marching Cube

Voxel f£z % #8%[5] > £ pixel (% ) 3 iuerz & > voxel
Edptzapdgd - Bho] 2> 8B - - B voxel h¢ w
TE 5 (Xy.z) > AcB] 2-2 #778 o & B voxel #T & L p Bty o

FHBRECFEI CFEP P EFA R T P T RS

Ik

o

W

Bl 2-2 A A~ voxel

voxel (X,y,z) A A& v 5 =24 A4 ¢

6o A E (LY, D) (X Ly, 2~ (xy_1,2)~ (xy_1,2) ~ (X,
y,z I)~(x_1,y,z 1)

1248 :(x 1,y Lo)~(x L,y 1,o)~(x 1,y 1,2)~(x_1,y 1,
) 1,y,z D)~(x_1,y,z H~(x_ Ly, z DH)~x_1,y,z )~(X,y_1,z 1)~
xy Lz H)~xy l,z1)~Xy.1l,z1).

hipmiE s t(x Ly Lz D)~(x 1y Lz 1)~x1yl1l,z 1)~
xLyl,zH)~xLylzD)~x1lylLzD)~x1yl,z1)~(x1,

y 1,z 1).

bk BAR-E B pixel SRi¢ * Voxel BRIk » &5 - B A AL -
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9"'3,1* L H_§ % B gy fmfe viewpoint e efg iR 0 Tl A AR SR A
FEI G E Aol o R EF A G RIFT G
Ao B E T RBITHFHI - BAER > §FALRF R o ¥ - BE
1L Voxel & > Hehfiim > 4 § F 45 7 oc % o

Flpt % A & 1138 * Marching Cube 7 ;% ¥ Voxel & {7+ 2 >
i# Voxel & 3D #%°¢ + MAEd - B sTFHENTR v Ho2r e

315 B A AR > dof] 2-3 4 [6] -

(0 ) Y
= il
W= YL

] 2-3 Marching Cube =7k & 15 #5274k

P 3& * Voxel fv Marching Cube * ;% %4 %5 FReFEEN

=i

IMa[5] % % # * C++#% = » & ® 4# % NURBS modeling
Voxel-based modeling # 3 + #end sgE a0 2 » R A d @ o
Tl - BF A B EH P AR Rt 23 2R
N R CRVE: T SN SN e T O R I -
7 o

DAL - T [39]# CT frds # %2 B v SSiB B 1l 0 frif i 3 B
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{8 #-H i B% 24| * Marching Cube eh= & ApEE > 5% > #- &
BT Z MR R o B EL S RFER AR
¥ = £ - Ray-casting ~ Voxel-highlight & 22 o aJd® &0 38 & & 45 1)5% 75
EFERER - F PR T FERARALES FEATE LR -

3.Bank[11] % * #& 71 7 i& * Marching cube ¥ 12 #- CT f= MRT &
1‘#:”, #A] o # ® 4% VRML2.0 fv Java language 2 * - £ B %5
CIRRER - A B & e server » ¥ 14 iR 'F—“z @ % > fEiE 3D e

UL BT CHips Rt e

%ﬁ2?@@¢a%%ﬁ%ﬁﬁﬁ%%ﬂﬁ&#3@%+a"”
LW R EE 3 0 donyss > SR akos B AR A
FHAEL W 4o U S ey B iR '/’H#ﬁfﬂ’? T EL

RO UATERE SR E R IR A R LS DG P D

(1)# %k £ (2)Voxel fr Marching cube » &5 f& 2 ;% hg & = ;448
G A% i hoo Tt AT LR A AT e e 7 R 0
BA #tps2ieis 3D AL GU S TR L PR
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J i
e
RS
7‘\:
2

Plhradl o e 1427 &7 - BRELZ TE = AiEBR
PG REDLY TR ERAT BABOT ML LEE L F
£ o drip E‘E'}ii'?f?’&‘%??%?»“ﬁ I FEE B A AR & hd gk o
MG AR 5 L RGERDE > B A R BT SR R EY
/% (Gradient Mask Operation)[38] - &4 & & ¥ ¢ & B 1 éé’.%? L= -

PR tpfrde i (i #e i TR B iE g BRI o

31 FER G
%%%2?&@%&‘5&{%?%5‘1— XREL TR R ARG 2
AT AN BT ARG s RAFFARIELBLREX

Gk FEEGOFRIGHIF 0o p B FFEen

1895 & g, W+ 1.5 % F (Professor Wilhelm Conrad Roentgen )
BAFIE RR Y FRATE - T T X R D% Tk
A E g R SR o BT AR PP R A B

FUPFEPGE L o fAX XA 1895 ERFRE 0 FER
R EAI* v FL T ik o X KRG N FTHES TN X
KB oHN AR RRAGFT G AR NTER A o F A A MR
FARRAST FA A X SRHE 5 MY B

19



fe e X P PR RRET Bl 2t lg\éfg&}?ﬁfi;//\%’?#ﬁ =
hfles o o Lente & AUE T L 37 (Fracture) % % 38 g

F4emi 3-1 320

B 3-1 ¥ 37 X % § Bl 3-2 3% X k)

312 T RaETh HR R
5 71950 # %> Allan M. Cormack i B 4>47 31 &£ 48 CT s/ 125

e — & 7] 1960 & i~ k # > F EMI = 7 0§ % ¥ < 4 1945 Cormack

B3@ o #aE > - £ CT % # - Godfrey Hounsfield _ B 9 %3+ &
A FEA 5 1971 E e AR R (T iE 2 T % - 2 CT iy &
1972 E 5 0 N A IR CT Fifee d ’“ﬁ‘ﬁb’%ﬂ@m”\’ﬁﬂj v 5 Hp
CT &% »tegR%7h & & ;5 37 1976 & > Robert Ledley % & 1! % -

EV USFR R A RIRIR 0 CT % 3> 4o@] 3-3 271 o A 1S

20



Bl 3-3 T raErk Hrs 1

CTENATRAZE I IFEE LGB TER & o

TR R LB AN GBI AMPAI L F o F g T

W K
AR Y X SHRRA L B B8 X R D RPH Y

—,El.’u“’E'XJO‘&"]')%lV;-E’Eg P?'Ef”ﬁ.)ij%ﬁj-al—fl]’# '.-—‘Bn“‘;tg_P_}

B LR G R i FIT e

- AR T 2 G CT o i ¥ dpen it X sk 5 SR f7aE 2 ey
BBl f s XrayCTe @ 87 fo X kP dox 7 b A A0 A0 f%
552D X kRt 2o AR Rk efr— AL Xk R R A
90° 7 fo > B eBEor 0 L Heipt 2D en X R P igd R RGE R @ B

5p%£é‘mngi?kﬁ" °
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3-1-3 mirig ¥

B3PS PR PR L RE R (Nuclear Magnetic resonance
imaging, NMRI) » & 7T @42+ Hor A 2 254 > A @BF 0G0
PR BRRER AP HX RE RRERFR TP LR BHFF D
V- £ RAL B X N AT T e R X T S
WMo k=i BAPFIPNNEF LS 0¥
GRTHRALE R & g
Ry g .

BRSSPI YN AT AR BRI P L ERTRAET 00
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fp A e ATRLEL o AT T H A M SR 4 1t B X kT
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PRTR R T BRI BRI AR BIRGBY g B

%&mﬂﬁ’ﬁf@m» {2 AE o
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RS

fEEF - B A 0~255 2 B e pd & (Grey level ) @ % A F# (8
P B R A A 2 S m AR S 255 ik RN A 4
O §APFE A 128 24 PR A& S A dmo

- é}t%«%%‘f%@;ﬁﬂ + %) & s}grzg'\u m*n = A7) Skt T oo
m fOGY)RI R 2B A rFax ] » B aaxyd s P gtk
WoF - A PR EL R o 2 128%128 ~ 256%256 ~ 512%512 G 4 o
%?%%iﬂé{ﬂ%$éi’$%4W@FﬁW%%ﬁj
PR B R T A g A2 RO o @
PRSI G R R TR R TR R 0 AP E € &R

-
1
EAA L ERAGEA PR 2255 o

>~
e
%%)E%

AR R A & £ 495 GM (1> 1) #3](Grey Model) &k i& {7 % sLi7

A IERI NI [43] > B AERIIRAZ 2 B 34 -

B B 71 AGO & 71 GM(1, 1) TAGO % 1 TAGO % 1
;(0) —> X(l) —> f*“«m — )A((l) — )A((O)
B 3-4 A IEpILAR
A 3R R AR

1. e B 71

RN SRR 11 S R s < S
o g AR ;Ei}?g,}ljix_g'_;ljfgx(o) .
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0 0 0 0 0
X? =[x%0,X"@,. . . X%, X%w]

k=12,3,...,k D B

2. % 4v 4 = (Accumulated Generation Operation, AGO) :
Bede B 7|87 R Ao ende 17> @ H fidpd RA PR TR E S
Ftt BB i) B RSB T § 22— BATEIA AL

BB B A7 R 20 GM(1 0 DEA Y 327 30p o

3.GM (1 1) #7]

BB Aed XL DAEIE A GM (10 1) RHECE P o 4 5ok

G FRR D RN A TR RS AR 0 R F AR
GM (1-1) m#A :
0 1
xP(ky+az®k)=b (3.1)

d : xR % #c(development coefficient)

D @ 445 % fic(grey input)

#4207 d T A At

2V (k) = ax® (k) + ax® (k —1) (3.2)

O SRRl Rt > A28[0,1] 0 - & 05 -
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3t g d D.wwua FE kA D (D)) T 3 3 (Least
Square method) ~ (2) % #ciZ - &7 f7 V51 & £ & &I a . bi

B RN 23T A AR AN DR

B L3 E

B HciE ko~

x?2)=-az"(2)+b
x?3)=-az"(3)+b

: (3.3)
x?(n)=-az”(n)+b
@t EEEY - Ba e
Oy -2 1
x(9) (3) -z2W@y 1) A T3
Y = X(O)(4) B=|_ Z(l)(4) 1 a= b
i x(On) | | - 2 (n) 1]
ad - bﬁﬂﬁxfj?,l‘j‘f 7 g e
VAN
a=(B'B)"'B'Y (3.4

£ GM (1> 1) mHEa x D k) +az D (k) =b rggaesr = a2
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——+axM =bmn e s x(© @)= xD ) @24

/E'Jf‘,?‘f,@;"‘ ﬁii\::
VAN
x(k+1):{x(0)(1)—2—}e_ak +2— (3.6)

4., % g 2 = (Inverse Accumulated Generation Operation,

[AGO) :
i /),5\‘4 ™~ -ﬁq-\j&—’i'}ﬁ/? 29&}{%’“5 ﬁi’\"“"a ERE- E-.)l xE\.f'r ,}‘;\4

efe (7o 8 Hod BRRH VRN O BGR R  R A sty o
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RO
xO0-x (k)
e(k) = RIS

x100 %

(3.7)

3-4 TR S F BB
A 3E P ”‘f%‘fﬁ,x‘g\m Pl A B BB hifE B S
R AGE S AFERGAS RS A A md s G
R R AR RIBEIIE AR 8 TR 4
AT E - GM (10 1) H31H Fpde 2 L B B A ATER 7
s

fcfp 2 SR B RS o TR MR TR e L RA A

- WATA S| QT EEEEE A G Sleh IR E -
i AER GM(1 > DRI H T ehikd e maad  a e di2

-}'E.l

FRRNE

i 473

f%ﬁ@ﬁm%émﬁméim“ﬁ oA EAT
A o et B RS g R
H ORI B2t g 28T AR B ™ ((DEFITRQ) R 4 2 +(3)
EH G R ECEL@) B ARG E AR LR 25 (6) R
A (NFATE R (8)F B K OV el 55 2] ¥7

g\M

et %

|
N
S
=
a4y
=4
b
3=
38
=
\J-_
3=
3
<
o
&
=3
sy
o
-
=
s
>/
k-t
2N
_N\

Wifx o HORILLE D ARB ¢ FEE B R RN 0255 2 7 o
FIPLIE F iR ut (B T de AL TR 0 FERI I T - 2 EARSIcR G L hiE
g e Bl il (o i PR e le k0 § 3T
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beF f - BERE ALK RS 0 PREET oA

R U g o
R AEBE 0 T gEEEs (T BT A A ) X L RE T A 8

B3k RE A O WG S R 7RO SR B P G
SEE LR ST E SRy T N

)

Z2_ (& 1T HF phends f5 IR o
et A E I AR ERBEE T AL > AR 3-5 AT o

?] 3-5 J‘l’ﬁ?/?l@.pm lé /?J%fﬂ%ﬁ 1”

38 A AR BT

FAGM (10 1) HoAIEHATE 2 Bl A0 § AT8cdp 74
B 8 B A T FERR 00 2 R A SR R A2 R R
B 4o ol

THEBA Stk A s kB
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e fic 7] -

O :{x“’) o X% o X% X0 (k)}

el RZaAlp

{X( )(_1) X( )(2) X( k) : : X(O)(k+1)}

X0 =% X% o X% K|

AT AR S kB AR Y SE RS B @

B2 A 0 4ol 35 ¢ ff fek 5y e g TR

X0={4 3 45 6]

2. B4 2 (AGO) -

Rk S E R Sl YRR > M
Bbede (Tm A4 B4 o

Bode B

X"={4 7 1116 22|

3. EHE R S HCE
AFPTEY BT E%a b R A B et £00 GM
(1-1) i s aa s 5 XV B sldE s » 2 2832)¢ »
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HEhEEEL s He O 5505

2 ={55-9-135-19}

3=—ax5.5+b
4=—-ax 9+Db
5=—ax13.5+b
6=—ax19+b
3] - 5.5 1]
4 -9 1 A
e
13 .5 1 b
| 6 | ~19 1

4. B3 Sl
'F'F K&a b"E d—r'\‘{f\q'.
VAN
a=(B"'B)!B"Y
a =-0. 2200488998 b =1.9144254279
0. R A TRRIF K A2t
fmd-bugwad -bDanrsmrGo)Rgnls sz @o

XV ={4>712-11.01>15.86>21.9 2943}
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6. %2 = (IAGO) :
[FERIBCE 7 R A A3 B R A Bdp £ I

XV ={4>712>11.01 15862192943}

TR P Hc 7 -
/\ (0) .:}’:F'-‘; F.lJ .T'E'J;Q
X =|45312:389-485>604:753]
SERE 5 7.53
(T
k=0 k=1 k=2 k=3 k=4 k=b
(0)
X" do 4 3 4 5 6 -
R A4 B
A (0)
X (k+1) 4 3. 12 3. 89 4. 85 6. 04 1.93
TRR| B
FZ£ (%) 0% 4% 2. 75% 3% 0. 66% -
8. FPIEER T
WA RN RER E

4% @ (Threshold Value):h
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B(E Lk L nE)T L L7 5 Q- LHE o AP Bl

AR AR SRR A R R S 0255 LB R

e

S

HEE R AENY BEF A

3k R At

|255—|nput value| .
‘ T ‘XIOO Z) (3.8)

input valve : ig‘ﬁﬁ,?] N

AFETYPHERES 1500 2B 62 byEko A x ME
SReBEE 5 o oS qed @ 5] TH=41.17% 0 Flot &5 @ 5
A R S P 0 R AR e

AR ot i 17 R T B R > A MR R - P
B2 AP ACNZEERL PR F 2R R BB A YR
B f AR o T AR I LR 2 W g

Foipk + 11k Bh2 FEREA
A0)
XOk+1)-x (kK+1)

e(k + 1) = ‘ X(O) (k N 1)

x100 % (3.9)
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5 i s 2] T
if ek+1)>TH
f(x,y)=1

else (3.10)

f(x,y)=0
end

L] 3-5 ¢ STBeenT - B2 ffod (55 2480 @ #4248 kx5 fp 50

v B"H e(k+1)7 E';O

x100%=943 %

ek +1) :‘248—7.53‘

T R TR B g 2T Fle(k+ D) TH A > &b gt gk
P gREk o & RH R REsT koo

%&iﬁﬁéﬁﬁéﬁ%’%?@ﬁ~%%§ﬁ%@%ﬁﬁ
$oo AFT 3 RIF1* Matlab 458 % 5 R85 5 HEA AR > Tt R T #
CT # fet & MRI ¥ £ if.% » Matlab * ;T}’?’L 3B o B

B f R AP R AR N B > BT R @R el W
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PR CTILA R 2 R o
(5) m=>FHRER
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EEFEE BRF P AFEOHEF P AV RF Y F 4 Tt AR
BHEHELRA FTRETEOERL  FFFHDES L g1 12

BAFTPBETREOEAE 2 JEYFRLIEEL I
FRER P c BT AZE? & x~y vz VTR Ry
-{&&%%?ﬂr@%ﬁm@ﬁﬁ’fﬂ%ﬁ{ﬁ%—ﬂﬁﬁiﬁ%ﬁ’
STILE T F BT Z phengh AR T R R3E Y xy (FE EEE T
TR AERE o

FEFAEEL DR IFY LR FFonfEYE o ol 4-2 Aror o

Flh i ASEReRBEAE § L BTG BRE T ORAIERE RS 2B
BT 1 S AR N4 ) fe@.2) B R R ITERR L o vt feh
WAEY € L X, oY, F R A EL o LB AR (4.3)3F ISP (x o
y)BE dodk Ly <Ly st e Po(x 0 y) T 2 SP(x 0 y) B B = gk
4o % L2<L1,T£? MEREE P(xy)F~SP(x o y)E % gk AR
(SR ISP (x 0 y)IT540F % = Bhenfid#l > 4op GRBREE R b OB E
FFT AT EADF o i Rt FUE B E PR R A TF TR 0 4
Bl 4-3 #7o% o

FEHE S A2 50

L = X0 Y (401
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A Sl I
if L, > L, then
SP(x,y) =R (X.Y)
else L, < L, then
SP(X,y) = P, (X,Y)
end

Po (x,y)
B 4-2 £ EEE P B

B 43 Bz dpa
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4-2 BEFEF AR

LHET ORI A AT Y A - BER R EEETE
= 3D F A - 75 *P“ﬂ§§3%- 3w TR
P BEROR o ATIURA N — R - K TG 5 A Fl TP engh
FEMAEFTHY Ay g o7 30 o s T g hBE TR TR R R
RWwe 2SRt R auER? ¥ UL s Xo Y T gl E
it e Z ghenk B R 2 L o

42-1 = & gt

AARERLZ AR Z ARROAAT L = ERERAER
;93 & §_ STL(Stereo Lithography) > # STL ¥ 23 % = & T o & &
A F A F B AT G Fd vz f@‘@%&’a?ﬁ’“’%}%ﬁ?ﬁ [had

?

> B iy i 0 Ao lB] 4-4 9057 [6] ¢

solid <FileHame}
facet normal B.800888 1.800008 0.00A00A
(0,0,2) outer loop
vertex 0.000000 0.0DABOA 2.00A0OA
vertex 1.000008 0.000808 2.008000
vertex 0.000008 0.000008 0.00A00A

Outside of part
S~ P endloop

Normal Vector (0,1,0) endfacet

v endsolid {FileHame>

Bl 4-4 STL A % #5871 & B

5§

gy - e XY,Z ARtk P R ERR R AR e P
Fledw I 2 FRhFRT g E e e o 2T
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MEBZ TG > 78— G LN o PRG Lo o 4oB] 4-5 H1m o 2

T k(44)-(4.6) 8 E ke R RE e B E o

it Notrmal Vactor ;is&%gﬁ) facet normal nx ny nz
" (mny.nz) o outer loop
vertex x1 yl1 z1
vertex x2 y2 z2
vertex x3 y3 z3

Yertex 1
Pti(x1 y1.21) Vertex_2 endloop

PV endfacet

B] 4-5 = T8 BLEE 7 E E B

Vi =Pt Pt (4.4)
Vis =Pt~ P, (4.5)

(4.6)

STL #% %4 d R i = 4 T qird s »m & B

It
N
=1
-
E
o
k-

(1)78 854 7F B -
(2)- B FHARD B A TG L
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GQipm=zbm 2z Exi2edg2 > T HkF -
EOREZ BARET 2 TG B RA K 3% - BHP D
STL #-3 -

4-2-2 H T g i

- BEERH HR T G ¢ o dofe Bt i BrenZh TR g S =
bt o fFh - 75‘”5%“‘ ;T‘h’); AR EREEFE R R o AT R B H
BB AT R 2 enBEE T L IT R T o

WP H TG Rt g AR DAL Aew A - B
BrenBhaF Al ¢ o A et o hod R EF Y H gL fir g etk ihig
FoEV R g RS DL PHEFACR 4-6 o 0 BlY R
(1-5-6)fr i H (15 Fe ALk o £ s it i « 4457 7 44T 5
Itk - R ehD 2 s F1E - B2 b R RAd 2 BEEATE
S dofe o AT e ¢ S dieRae SN T2 B A STL 4

R R ENCE

1 y

B 4-6 452K
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BTG it st chiBfed v A Z AN F 0 B2
Bl AR F iR Ebfosbe [ eREY T L) G 4of] 4-7 A 0 & B
- B AR EY - - BETEERT E S HE
% AL T HEF MRS AL BN B 47 ¢ gk 3 {ogk 4
g T B AT (4.7)F0(4.8)3 B 1 B e S EEgE o 31
D, (% 82 & (EREA) oD (282 A EE)EE & ¥ Hu &
(4.9)1F 5 2% > B F N5 FERDILE = AR E = BELo

BEE S 50

D, =D, + D, (4.7)

D, =D,+D, (4.8)
if D, <D, then
NewPoint < 3

else D, > D, then

NewPoint « 4 (4.9)

end

1 2

B 4-7 ERA0E " EE
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