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Algorithm 1 :

4 gaelE

input : 339 EF Tlo|H V

1  For &% W ¥ s=ol t3slo] Do
2 For &5 W€ t=ol U3t Do
3 For 2% W& usol tisle] Do
4 For x5l tfgt #d WS kel tiste] Do
5 T «— T + V[k][t][u]
6 End For
7 For y=ol i@ 71'd %9] kel dlsle] Do
8 T — T + Visllkllu]
9 End For
10 For z=° tfgt 71 W$l kol tiste] Do
11 T — T + Vis]lt][x]
12 End For
13 Maskls|[t]lu] — T
14 End For
15 End For
16 End For
17 Return Mask
[3 1] T2 < 5o A&HA B2 vtad =5 A4
dard] =
T dYES 334Y &5 dolHol AgstHd xRl Bge] e
st WA 12490 Slgehs xZol 8 JuelES Fgste] 149 e



=5 Yo" MaskiD & A7geloF et Ot ARE MasklD & 7|5t
2 224, 3xpg e R eAtsto] HEAHQl npAd EF HolHE AT

Mask1D[s + 1][t]ly] := Mask1D|s][t][u] + Head1 D — TaillD
HeadlD:= V[s+ 1+ (g)][z‘][u] (1)

TaillD:= Vs — (;)][l‘][u]

N9 s, 1wl 379 MDY REE Juisie] Ve 2F 349 AL

EPlTE, 2 10 2 AR MasklDls][t]u]= 139 xFeldtatol  Vis](t][u]

<

sHoRE Ad kY AVIWE 9 e @b gholth

(a) Mask1D[0][0][0] 6] 1 2 3 4 5 6 7 8

o swamion [« [ = | <] |

Tail Head

(28 8] A Z7I7F 491 Mask1D2] 4+

(2% 8] (F21D)9 olalE w71 % adoln =1L va3 vk (a)s
(b2 0FH 87H = #F 3ad WEe x5 wd dFs Zdsuor Hda2A
WA Ad A71E 47 A0S Wl Fagke o] SE dAE RAES
EAIS Zolth Wb (a)E Mask1D[0][0][0]S YERAE 0¥ FE 3W 74A 9
HAE9 Fola, (b= MasklD[1][0][0]S dEbd™ 19 FE 44 7px ] 54

==Y

So o= P ol @9 B)E °1FIL Yt BAES 1 FE 30 7}



Mask2D[s][t + 1]ly] := Mask2D[s][t][u] + Head2D — Tail2D
Head2D := Mask1D [s][t + 1+ (;)][u] (1)

Tail2D = Mask1D [s]t — <§>] [u]

A LolM BGE Maskipe 32 &8 Wl diste] x5 71d 2
o] FAZS 74 33 wid dlolelrt Hoh 28 e MusklDE o]
= A8A7IH x5 YIoR FAE glo] yF WIeR oA

A g Bl diste] xFo 2 kiHE, yHOR kFHEe] 718 7R

3|
.
B AY dele] & MuskpS 13 5 9 Dk

%

Mask3D[s|[t][u + 1] := Mask3DIst][u] + Head3D — Tail3D
Head3D := Mask2D [s][t][u + 1+ (g)] (1

Tail3D := Mask2D [s][t]u — (g)]

=
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iu)
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fu
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b r
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e
il
N
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O
fu
—
=)

]"9’ A F99] 3 MaskSD% AL 9l BE Mask
disiA k¥ oE WHEE Ea

6.3 Web AssemblyE ©] &3 vtA3 EF A4 714538

6.3.1 Web Assembly 7H&
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SR }oa Aol Wetslel Aol B o
L E4oltt. ez dlole] AHe AnAS v s g1

At A7he BEstel IES AR P4 9
o] gtk e} oldg WL BHORE ATh ANZOR IES ]

Alolz Hsty] dize] ©es] 7|Ao1E dish= 2

E7F "olAls dAe] vehdh ZAlolz Blidstes Sl dolve A
St 2 S JEZEE dojolds FE=o| MY FAl dojuRr=z Hu}
A ol HHstel vlustH Aeo] Holxe AiE HolE ozt A
Hom Qlsf destal 22 do st @ @A At @Wol AgH
of ot By & 239 IR Qs ¢ FRME BHGYL w2 £E9
dis "8 = Ste A7 Wold. olfe =AE siEsh] fs) v A
©] Web Assembly”|5°lth. Web Assembly= C++o= ZHJH FEE H|g
Autdste] Ao ojAlEol2 WMYsto] REel Jitt ofFA wH of
AlEelo] Bes AWAAHES TAT 4 Qe AHIo]AE o]8st A
HFATHE FofM Agd 4 QA ottt AtAIYEA APHE Web
Assembly2 A2HH RE2 QIHZ2E O] AAIZE Aupd e AR Al
HtE Z|Alolz AEA "o AE 2S5 HolHE EEv 7o Fdt
TEoR AgHA HER 2HEAIHES Ly AYLKLE Hedls o+ 9l
of. wEbA ARg AR AHEAIHEA 2 APEEE R e FES
Web Assembly R&2 A2t =2 B&4dS 424 A o

6.3.2 VTK,jsollAle] Web Assembly 2-&

[TKjs&= C++2 AZHE ot A4 ZEQl ITKE Web Assembly
& Hgste] VIKjsolA AME & 4 A s+ gtolEggloltt. o] 2to]B
delofA AFot= C++ BES Web Assembly2 WHRSH= 752 ©]-8otd
ITKoA AEsh= & 89 ofyzt ARgAE A3 AT Raess Web
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Algorithm 2 : S dugFo] H&H vfaa 25 44

input : 32+l EF HlolH V

—

For Mask1D2 s, t, u=°] W3}l Do

2 For 14 =7] %k Do
3 Head « V[s+1+§][l‘”%]
. k
4 Tail < V[s— 5][1‘][%]
5 Mask1D[s[t)|u] <« Mask1Dl[s — 1][t][u] + Head — Tail
6 End For
7 End For
8  For Mask2D2 s, t, u=o°| W3} Do
9 For 712 =7] k Do
10 Head < MasklD [s]lt + 1+ g][u]
. k
11 Tail «— Mask1D [s][t — EHM]
12 Mask2DIst)u] < Mask2D]s]lt — 1]lu] + Head — Tail
13 End For
14 End For
15  For Mask3D2 s, t, u=o°l] 3t>] Do
16 For 714 =7] % Do
17 Head <« Mask2D [s]lt]u + 1+ g]
. k
18 Tail < Mask2D [s][t][u — 5]
19 Mask3DIs]tu] < Mask3DIs]lt)lu — 1] + Head — Tail
20 End For
21 End For
22 Return Mask3D
[ 2]5® fagFgel 484 vad =5 A4 dads
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3

Fe ARt ¥ OAEE FFY #9 Zold Zolm JEVIE AATH
(central difference). 12t} o] W2 3t ¥ 7|&7E A4tstr] $Ish

AME /15 AR GHdfof stER wre] Pt A4he] KEofA Hgo
Aottt VIK jsol A= o] Bl&= &ol7] Sldll 4, 2, & 3719 &S At
Sto] S4o HAlo] AtolE o]8sh= WAle o] &ttth(forward difference).
O Ay ogte] g AN 2ufe] A4t H]-§-E Hokeh 4= itk o
A 2 e VIK s @4 wety] Fh 248 Ao 22 WS A
Sttt o]gA @A H 7Ie7E AREAE At 9] AR Hlw st
71&717F AAR B ot F9gstA|, Eobd @4 EHEE OdE {X[s

o

o 5§ 7HekE AdRit [# 4= 29 59t 759 dagEelt. 7]

w2Ho7g o] dYFL EF 7HAS AT FAFSH FERIY FA-S A
St JF P FAF ZHAut A& 4 = BAO ZHE Ho|gEro H-EAA
AT datgte 93 dut EHY-S Adgots G = S5 A
stot, Ioke oA AWt forward difference ®Alo2 AL 7&7|3He Sl
T BA0 FHPgoZHE dojet AL ARE oo AAIGE Tet vjwet
of HW$ 7]&7] gro] dAGE Eob Ao e dutbgre] (O™ 6] A
2 A& HEslo] dupgte] EYLE ZATLE o|RHE BRE FAH FARS
oF ZHAuict Xsisto] BH FHeE M7t

_31_



Algorithm 4 : 7| &7] =4 & &

(ol
=5

RS

input © 3391 BF dolE vV, AolFZ5 TF, FH FA AF 947 RSP,
e A e RD, 9l AAG T

1 For 2+ RSPe| t)slo] Do

2 P < RSP

3 For 371 FAF Wefel sjdat= 2= Pol tiste] Do
4 color, alpha < TF(V [P])

5 color, alpha < Alpha Blending(color, alpha)
6 G — Gradient(V [P])

7 If ¢ < 7 Then

8 alpha — alpha X %

9 End If

10 result <— color, alpha

11 End For

12 End For

13 Return resulit

[Z1" 1012 71&9] VIKjsolAd Agste 7HAet 23 9443 2 A+l
A F7ret 29 FRete] Ay A Hlweld. [IF 10 ()]s &urEd]
dolgrg ARt 2% 7HAISE 2dEoltt. <=3 W, dys Zddh:s W
o] doldrE AHESHRZ] wiZell et Ay ol 7HAA HolA] ¢
. 29 Fg3E 28 (29 10 (bl ZEHo] ofd FE2 EQsH
THEol &5, W, Ao BHS YoM HojEr



(23 10] () ®9
7HAe k=, (b)

s @0l Ee Zed vt mAa E8S AASke A2 HlmeAod.
et mpag Ego] Adste A2 ZrIdo] AlFEHdS wer Mol

G7h MARAS N2 AT,
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| Algorithm 5 : §7% w4 %ugsE

—_—

input : 33 EF dolg Vv, dolg TF, FA FAF Al
1A RSP, F/de FAF %3 RD, 99 F a b
5 Mask

For =& RSPo| t3l] Do

2 P <« RSP
3 For 371 FAF Rle] e dsh= B3 Pol thele] Do
4 color, alpha «— TF(V [P])
5 color, alpha «— Alpha Blending(color, alpha)
6 M «— Mask|P)]
7 If M < « Then
8 shade < 1
7 Eles If « < M < b Then
8 shade « 1— 44

b—a
7 Eles If A7 > 5 Then
8 shade «— 0
9 End If
10 result < color X shade, alpha
11 End For
12 End For
13 Return result

[ 5] 748 #A4 dael+

[O27 12 ]e 7985 Hdoldag ol8ste AAH nta 8 dlo]

£ 7HASRE ofm|A]olH [17] 12 (b)]= =%t HolHE o]&5te] dubael &
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ABSTRACT

Web—based volume visualization study through
extension of VTK.js

Lee, Yun—Ho

Major in Information Computer
Dept. of Computer Engineering
The Graduate School

Hansung University

When performing volume rendering using medical image, most
applications that perform volume rendering are limited by operating
systems and specific computer devices. To solve this problem, a volume
rendering application was implemented using VTK.s, a web—based
graphic framework, in a web environment that is relatively free from the
operating system and specific computer devices. VTK.s uses a shader
program to implement volume rendering. In this paper, we prove that
more functions can be provided to users by modifying the shader
program to extend the functions that did not exist before. For example,
the pre—integration transfer function technique, which is a technique that
removes noise generated when rendering the volume surface using a
sharp—shaped transition function, and the simple volume rendering of the

surface of human tissue without a complicated process A surface
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transparency technique was implemented by estimating the slope. In
addition, an ambient occlusion technique that generates high—quality
shadows was implemented using an incremental algorithm and Web
Assembly. We succeeded in integrating these three techniques into the

shader program, a function provided by VTK.js.

[(Keyword)] Volume  Rendering, VTK.js, Pre-Integration  Transfer
Function, Gradient Opacity, Ambient Occlusion, Web Assembly
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