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ABSTRCAT

Three-dimensional (3-D) images reconstruction from cross-sectional slices using
conventional shading method such as depth shading and gray-level gradient shading, can not show
sufficient information. Therefore, this thesis presents a technique for 3-D image reconstruction
from two-dimensional (2-D) cross-sectional slices image. Medical image, for instance, both from
Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) are possibly introduced to
this system. In the first step, we construct a voxel scene from a stack of cross-sectional slices by
cubic spline interpolation between the original slices. The 3-D volume of interest is reconstructed
by the scan line algorithm. Then intensity of light are applied to the visible surface. By calculating
the normal vectors of the visible surface of the object from the voxel scene, the surface normal
vectors are obtained. Finally the surface normals vector are used to determine the intensity of light
over the visible surface of the object using Lambert’s cosine law. The intensity of light is used to
replace Z axis of the object for display 3-D objects on the 2-D screen. It is shown that at least for
the bone and soft tissue surfaces, the results are superior to conventional shading method.
However the quality of a 3-D reconstructed images depends on the intensity of light defined by

Lambert’s cosine law.
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doaiunfie  MoYWUsIUAUNAeIveIlINFUNIReIUYDIYARDABITA NIRRT
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voagadeuy dmivdeulvan q martvzne lMidassuuaumsianua 4N —6 aums [5]
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d o oA

Arosvesilanduiidumisvesyadaonagesddismniuguitiuine S (x,) =0 uaz
. v v ¥
S n-1(xy) =0 waznnou luidmualiil devh lUswdvaumsiduesi ifassyvay
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MINMUA 4N —4 gums Faeziimvesimlsms lunsuamanua 4N -4 daunls uaz

¥
dmivlumsdinnamamdunlsin 9 marlzannsomldlasldngu]  Gaussian
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womuaa lahiufe a,b,c waz d AarunsoiszAmnummidnndoulvvesa laridail

S,- (xi) =4
S,.“(x,.ﬂ) ik (3.2)
o .'(x,-) =F
S".-(x,-H) =P,
i=12,..,.N-1

v
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Tumsamua dulszdans a.b,c uas d Tugilvesaumseoyiussusuiaoives P
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alad wazninmsunumdanandadu sransonaasaums lumazisnmudvoae luay
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S;() =ty +(1=0)y, +(x;,, = x)’ [’ = Dp,, — (=1 =(1=0))p,]/6  (3.3)
i=123,.,N-1

$ a o o ' Voo { P
daialinallailussningavesdoya x, unz x,,, sefiddeaunisi 3.3 Taoluii
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wimualdfiwes x, TSwumiuinuvesnmdavnaianea (V) uazimualim
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(=2
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Favziusasiauveusnuaa lard Tao x
(Xi = X;)

VINAUNITN 3.3 1A £ =

- A o " a v ' a4 ) ' '
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uag x,, FNNauMsi 3.3 swnuieziimvesiudsiidalinsumeg 2 Aunlsiuife P

' oar U ° o 1 v do w oA A A
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L
o =

asouanl lgaail

S'(8) =2, + (%, —x)[(3 =DP,, +3(1-1)* -1P]/6 (3.4)

()’m = )’i)

Ty z, =r—-——-)-uazﬁmuﬂ“lﬁ S'a() =580 dmsvy i=2,... N—-1 &
Xy —X;

asaeuauns Ind1didy

(xi _'xi-l)Pi—l +2(xm _xi—l)ﬂ +(xi+l _xi)Pi-H T 6(Zr' _zi—l) (3.5)

HazINANNITN 3.5 Mruald
d)=2x.) ~x%) (3.6)

¥ v v
Tagluntimunaiuniiyavesdoyaianua N 99 szannsouaasszuuaumsiie
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0 iy dy Wy s 0 Pa w,
= (3.7
0 . . : ;
L0 0 Uy, dyy [ Pya Wr-i
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H U v z ° "o "
waznInauMsh 3.7 ssennsomamves P, da P, 14 sintuiahmdenainly
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3.5 msuaasunndinvestoyann

v a o o‘.: 1 e’: 1 = v - & ¥
Tuaumesdneuiumeinswilaiu  Ussadafiisoniianudesmsiszinaouiie
(Translate) A ldadumialmiisidesnsmielunansdiisioivszdeamsnyu  (Rotate)
3 1 ¥ " ¥
am ) luiirmedne 9 ieldldyuuesveanmingdu Tasnniinamilmamnsanseild
Ay o et ' a . <4 a -
Tao1d3EmsilasiiFonhimsuaasvingia (Geometric transformation) [1] Fuiluisasiiu
k4 a o a - u’qy 3/ = dudi o =1
gunuauneuiuaeinsila Tasludnorinusile: l¥msulausnadaiimesimsiden
. ! s { é o :l‘ -
219 (Project) MMM luyuuBAN q Auawiisidesns Falumssuraniumaansafinsan
J é L aa i ". o a o
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o 1 1 o ' o a8 o lA " {
1a 9 dgadanaganfdoudumialldeiidalmigaluiiiife P'=(x',y',2) maunsodiee

funing lnivesya P fignildsudumialdniniidadnldnnmsgaiiusznieina

v
¥0ayA P iy wasngvesmsin)as 7 Tasamnsouaaslddail

V.
P = PTz[x,y,z] D E F =[(Ax+Dy+Gz),(Bx+Ey+HZ),(Cx+Fy+lz)]
G HN

(3.8)

=] a o o ) Vo o .o A =
Favasngvoamsiasdananieaus lgfumsulausingindsil fe msnldou
Y 9/ =1 ' Y c’: ;
wlasvg, manyu wazmsaziou Wudu Tasmsideninzilumsuasriialmivez iy
" ] ' a d 1 : a d 13 a
DYNUNITATHUAATWITIUIADTANY 9 ﬂdﬁnﬂﬂ'\ﬂclulllﬂ‘iﬂm'ﬂﬂdﬂTil.l'l]fN llﬁﬂ{luﬂ‘im"ﬂli‘]
1 ¥
AoamaAdeueA MY (Translation) voaya P lfsdaluude P 1y szawnsoudaa

¥
wasnsueInisulasldsail

P=P+T=[x y z]+[L M N] (3.8.1)
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3
=

TeTudiiva'ldaa
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wWasuwlaavina, msvyu, wiemsaziou udu dauwasnades 11 9219 lumsindeud
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d‘ F - e dll & = =)
inaeuteniaaznsulauuey 9 Tugdvesnmsgu Faziisvazidoavesmsuauyy
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A9 9 Al

3.5.1 M3INAOUENBA NS (Translation)
dl +4 d! & S a e lxa' o ] 1 -
Tumsindeuiogn q wits Falidnedu (x,y,z) Tlegidumialmidad
wnau (x',y',2') annsoildTaomsdouasivesduys L, M uay N dauaaaly
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1
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Tawawes LM uaz N vzuasanaszoznnnaeamsinasuinell Taodluszozi

Wouduuny X unuy uazunu Z mudiay
3.5.2 MyNyUING (Rotation)
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dmivlunmsmyuiagseuunuas q W mwsauaaauasndmsulaiily

Tumsning 8dedl (112113]

a o - o a
dmiumsnyuiagsouunu Z droyu 6 Tuiimmaniuduuin fe

cos@ singd 0 0O
—sin@ cosd 0 O

R(O), = 0 0 10 (3.10)
0 ARE N

= o Q al
ua:umsrmf'ummmﬂmmmuquusa‘uunu X uazupu Y fie R(6), uaz R(B)y

v
)

sauaal ldng

- -

1 0 0 0
0 cosf sin@ 0O
80,5 0 —sin@ cos@ 0 R
0 0 0 1
[cos@ 0 —sin@ 0]
0 1 0 0
ko), = sin@ 0 cos@ O (3.12)
| 0 0 0 1
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wehnmaavnaianuaudassaiuludovaz 3 5@ Aegnudnanmnamuasziinnaiiy
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ﬂ’lﬂﬁ 3.6

(x,y,2,1)
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?f']!J'l‘iflﬂ'ig'Vl'lulﬂﬂQl‘lﬂﬂ INNINN 3.7 113Wi]TJ'ﬂl'lllﬁ":l'llﬂu'Ufll;l.ﬁ‘llﬂslﬂ'lﬂﬂﬂ‘ln'l\i 1 UHU TﬁU

' 4 ° » av o - y = o & e o o @
dauiisdeamsdmuamiinanfeuinafiuivesing A ludiinAoduseugUdaiuaaaiy
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mauauilumiing (x,y) Tdaunsi 3.13



34

N
| .
a P
&
k|
£
(=
L
®
=
=]
[ ad -
g -
e NANNUDINITUDY

3
UAAIMIMUUARMANAVURUAIVOIIAY

x = Column —128 (3.13a)
y =128 - Row (3.13b)
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1 ° o ad = 3 &
Avoanaf vy (Cross Product) Nezilfismswdanamesnangadiedaiu (gananan

1 A lﬂ’: o/ 1 ar 3 - ar QI’
woanthan)  Fansziflunameindimndussinuidudaiuiivesiagiues  Tagaunso

¥
=
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auudliygea 9 vuiuivesingimasinsaniidnyusdagine
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a Cc
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Vv vV
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o |8 e
g

n’:{ [ Vv q' o dy
llf\'ﬂdl']ﬂmB‘iﬂﬂgﬂ?ﬂi”ﬂu’lﬂ'lﬁﬂﬂ'muﬂ‘lm

' v ¥
1NN 3.9 wuhilinameseg 4 nﬂmasnagmu‘lunmmmmwumm Faludiiigaunay
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wuuNuAveeingnIziiming (x y,z) ifusaszaniu Tasaunsouansldaail

a=(x,, &R = x5y, z) 17K Y, 2)
b=1(x, Y5 2,) b= ¥2)
c=(Xy ¥s 2,) =00, Y iy
d=(x,y,2,) h.=(x,, ¥,, 2,)

¥ v ¥ ] 1 v ¥
ar  as

~ J = =y [ 1 A =
niumansaisemamnamesUndvesiiudy ganenanvesthan daluiiiifesn e

e
(Ne) il
(Ne) = (V, ®V,) +(V, ®V,) +(V, ®V, ) +(v, ®V,) (3.14)

y o & @ s &
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o Y ar d?
A ldnnaunisaatl
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Vi=f—-e=Ai+Aj+Ak
V,=b-e=B,i+B,j+Bk (3.15)

¥
=

wazdhmivmsmmaga lvisgninnamesiiuamnsonaas ldnail

V,®V, =(Ai+A,j+Ak)®(Bi+B,j+Bik)
= Ai®(B,i+B,j+Bk)+A,j®(Bji+B,j+Bk)+
Ak ® (Byi + B, j + B;k)
= A\B,k— AB,j—A,Bk + A,Bii+ AB, j - A,B,i
=(A,B,~ A,B,)i +(A,B, - A,B,)j+(AB, - 4,B )k (.16)

@
=

wseeusouanlugveamnsndg 1deadl

% E
V,®V, =|A, A, A, (3.17)
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nisimuaslTinaunnuduveaauunuavesingh 1¥neluinninusaoil
wwuhmm 3 diah ldenesiidnuarnisnsznovessanuainauganelunmi limh
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mnzauiumsuaamaidonounmivimeniiveyai Id luanswavusenwde i Tae
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AUEIN 256 TEAY

NN 3.10
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0 255 s

o o | a 8
HaraIlanNyuUMs UANDUNI UV ULHILTY

4:§ 1 1 L) 1 ar L o o :/’
Fimsilasmvesdoyalifimegniolugadinanfeszdum 256 sziniu 5oy
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! @ <4 o o o P
nmoBnANGILABAAIA 0 §3 255 Faannsoudasdnyuzveailandui 19 18dn i 3.10 ias

ansouaasaumsin s lumss v ldaeaunisn 3.18

S(x,y) N (f(xayjmrMn)

max rmin

ar =+ (3.18)

]

Tau S(x,y) = WATNFY8INNHARNTHIEMsEAUMBYITEHIN 0 - 255
3/ ¥ Y osae
f(x,y) = v0yamnAuRLY 2 NNNA X,y
U a o 9 s
P =tﬂumqmmalumm'sﬂmmmmwmuﬂuu

e a o as
Fon = Wumidigalumaindvean mduniiy
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