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Efficient Maximum Intensity Projection using SIMD Instruction and
Streaming Memory Transfer

Heewon KyeJr

ABSTRACT

Maximum intensity projection (MIP) is a volume rendering method which extracts maximum values
along the viewing direction through volume data. It visualizes high—density structures, such as angio-
graphic datasets so that it is frequently used in medical imaging systems. We have proposed an efficient
two-step MIP acceleration method that uses the recent CPUs. First, we exploited SIMD instructions
to reduce conditional branch instructions which take up a considerable part of whole rendering process,
so that we improved rendering speed. Second, we proposed a new method, which accesses volume and
image data successively by modifying the shear-warp rendering. This method improves memory access
patterns so that cache misses are reduced. Using the current CPUs, our method improved the rendering
speed by a factor of 7 than that of the shear-warp rendering.

Key words: MIP volume rendering(Z ) 34 %94 #t)&), cache-efficient rendering(14] &87 v
%), SIMD instruction(SIMD ¥ # 9]), branch removal(¥7] A A)

1. M B Zol & dxo A AL A}V HEE
o7 94 A 7ol dukEle g, g 7)Y
Al i 9 BEF 7HA8(maximum intensity S 243 dx o] 7 BIE 2E Holy

projection; MIP)«= 29 d &Y T34 7z (volume data)e}i H2+ A vl E Al AAE

¥ WA A2 Corresponding Author) : A8 Y, 4 9L A4 020083 1149 59, €859 ;2009 2€ 13
AEF AHE37) 389(136-792), A3} 02)760-8014, FAX ¥ A3, AU FRALEFE AL FA

1 02)760-4442, E-mail : kuei@hansung.ac.kr * B °d:yl~ 20089 %= AUt wu a7 AhakA o



W, MIPE Folz #x2 X}J /\Vd Wako n
01514 95 2 va <

= 7§ el MIP 734 dde A EF A3
(direct volume rendering)$h= @], Zo] & &
AEE 5Ac] 7] qE), AH&RE BF LI
FA = ‘%‘1730}04 Zolg F43A d@f. 2L Bz
W Wste] A& &5 Hal, we &x
MIP %474 /‘E"éo}?ﬁt e dala) d3ot »1521‘3}.

MIP9] b3t Wl 2 7R dgdog ol
BH, 4, 7hEd 6] He BHE 482 AN
(pre-processing) @A oA AASI A 7pAEE o) 1
F7F AEE AHE3HE ol Aok 4K Y BEF o
olHE Ed(voxe)oldti REE WY A42 74
Hed, ' AN I9F FAam hiAS TAsAY
o B2y 548 g 279 B2 A5t
AF G A e wE A E 5 o of
HU R FNA A% F=Z(octree)Z THEH, A
Z FRAA 49 9 Y(tree node)S AP w &
Aol Gl AeA Hastd 2% 519 9L /A
3 Aol A AvE 5 du1,2].

g EF vlolE 9] AR TRE 314 M8 &

el Eo“?-ﬂi E AQuiAsts HHE gol AH8-H )
Mroz & Hxje] DAAA 7IAI8E 7143817 H&
“J‘%‘E’—i HolelE A xste WS Adsdt
[3]. A tlolHE WX grol gk Ydateoz 3
dalil, B2 HEH shAketE oAbl ‘?}"3
= 9 ZE AAY 5 Aok g, o
=g 7t d=siA dasn AAgel

20 9%E o] gt HeolH Aux
& (cache memory)8] &&& Hol&
T SITH4] o) g A e Alzte] .7
o el o] AR F7ko] Bashh= ¢
vpAl e 2 3k 1y k5 T1E o] 48
7WNELE Seshe Wie] gtk 27l z+ B
A (vertex) 2.2 W3, A Sk A B E
Fash= B2 o] A= ei5], HoE OpenGL
11t DirectX FolA A Fshs gl2x] wjg Ee

b

A &

N
—_—

> Flojﬂ

2 AL e
3

B 4

rlo EE

1}

rlr 52 ok

FAA

==
s

05
o%
o
il

m\i
L_E
0

K-

of
FI A ¥ o}n{ il
£

mé

} tlo v

]

UubA o 2 AFS-3H67]. =3 VolumePro e} 2
< =8 7HAE Ao B AmE AN AT s
[e]

ATHE] FE s g
3t whiol |4 F4a3 wo) , Ex o] gyt g

Rl

(o]
o
i
e
o)
o
¥o
,a
£

Aat =X W2

AEXE 0188 80! Al 8- EF

iz
(]
\J
=
lgﬂ
a
w

E
fol
tio
&
r‘_‘l
rlr E
WAL
g}l_g
b\
£
2
-,

:r_éii MIPE <3 0} A ojtt,
EF E AFE AA v B o)A %EJSP HlolE &
A Esle BS /\17} **‘01 UHT E’-E‘r A9l

‘9,
ot
v
2
it
n <
2
ol
T
Yo o
A
>
4
N
>,
i)
r
)4
Z

o] it el AZhE FulskA € o10] &
BH H]"]H% FARF o7 gjo], AA] W2
coherency)& SHAI 71+ 1

2 dlo|E & A &

Ay % 3}—‘& 9 AA=It 1464 fhol,
A &2l 7HABE 3

mlo 0]‘1]
e
r
)
o
w
ol
S)J

=l
RO

¥o dlx

O

—{ql 4}'

i

go T 2

o

P

R

i

o
- ﬂ

L

A

i

e

_>\“L

Do

024_4

2

2

N
»
=
O
re
P>
o
2
o
I
N
2
]

rlo

gukze] MIP g e]&e A
E & (resampling) & 483 o
B9 #t ZHEE:F;} g)fi’— w23}

&g vl Lo}c:} 7P‘J g #g e 34753% e
b gtk EF dojEe Aakd dieolElo] 7] wi
O(n)¢] ¥z} wAZT} o] vl CPUZ A
7 #7)(conditional branch) HHOZ 3=
CPUY] £7] o) Z(branch prediction)e] =1bd 4
CPU9| o= glo] FA| H3HA (stall) Ho 4
o] AstdATHI) A7t Ho CPUS Zo] o]
Zele] BAV BeFE 45 &) A

3, Holl AHE-she A& CPUE SIMD W3 o
(instruction) & 7]&2.2 AFetn Yom(i0], o] ¥
301—2 (L EEE Ql CPU A & 471) 9] H o] E o
g kS WE Ao FPAIT (1] Ha)).
ol Mo Jiole x4 &7 glo] Adas
Aol X &HE] o] Qirt 29 1(b)ollA] B 5 3l

[¢3

i

ne A ot
oo md



2EIOICoEE =2X HM12H R4=(2009. 4)

Source 1 I X3 [ X2 l X1 l X0 |
souce2 | 3 [ 2 [ 1 [ o ]
P oP oP P

Destination | X3OP Y3 | X20PY2 [ X1OPY1 [ X0OPY0 |

(a)

7[5[3]1] [2]4]6]8

37 1. SIMD &2 off Clo[Efol| Silst G2 WaNoz SuE 4 Itk S3| T Jiel 2 3 2 748 YHEOR ANt
o}

ol Ze=o AN, MIPol| B8 = 3

%o) % WE e 4y 8
Y syl A
©, o] Qgke 4
2t gl ohix

-1>HU
;g
RUB

EEER
4@%@

ARR3IT) o] AL BF dlolE 9t 94 dHlolH
S BA9) $HOIRA SNHE £AIE Aol
F 7HE 719 ]e] A 3etek3
€% MIP #4L& thga Zo] 49E 5 ok

e N o

Fa). olg o

==

AA, H 7he} AT BF dole Ao dis
dese I8 HFEE Fed T BF ol i
I Fxe] shi(pixel) ¥ #E Yoz
SIMD WH%-g F83ich vl 7]9] stie} BE vlolH
Aol W) o 2 e A 2502 A =
o o] 292 I st AFCIDEE, W A B
F EHlolE 247t 3 wd(Fd)E o] "

4

o] #}8E& HAA EF dolEd e
A7t 7

SIMDE ©]&3% e 7zt BF dHoly 949
34 3] v dgte] AAE ®ut ofa, diko]
HEgdom FYrjung I K4
o E3 B9 g4 4RE F
3 Fxxetel A Agg o
2Rz

SIMD @4te] m= oh2 A ghe, HlolE ) g W=
2] F7t A A4 Folojof = Aot &, SIMD
YA 2E (register) 992 43 L $hT 4= v
ZF AaE AANA EAsoF gt ok vz e
A& A o)A ¥ A8 E W) SIMD A4S 538
38 3t SIMD d A AEE AR e HLs
5o grh 3o o] AAY v &E Fole W
Hell diafx 2pA3] Ay} 324 F3),

3 MIP

9]
AR
A
2= A

N F‘
oF

. EAEeR H22E #XS= MIP 28

N
B AFE AA 7 oA PRHoE, AT E 0
Z1ke] 719 Sl 71 mE Wy e s dEA e
Flol-¢ 3 BF 7HASH11E 71ve 2 gt 4
o-¢ BF M= AR E s Ax 94, 7)€Y
(shear) & E, 9} (warping) 22 F3f st 7t
3} 3t Wgeld. AR PFd rled FEE wky

ShH Foddibe] 3 Wge] Tt HE X
(sampling position)E& T & o2 AT F Ut 1
2472 W= 92 F7F 94 (intermediate image)
[11]& olxt9d sty HF A& AAdsHA 80
(29 2).

I E A3 QJRES AHE

av}

Zo]7] 93 &
7 H ZH(nearest neighbor interpolation)& AH-&-3t
B Age] 532 g Azt 2gg st of
*o‘% Adste Ao EA Ay Bto R A% 34
Aske 7redth HIE H23 Hito] G A
& 3 (aliasing)-& FE3HA T, MIP EF 7118t 3
s 2&8ke 7|Yol=2, H38 ®B7l(linear in-
terpotation)oll 23+ ¥ &3 (blurring) ¥A|7} $17) of

g

-

M—n“‘\ H
._\_4,__ 1

T8 2. Hof-g 7 (1) & 2| TdE 722 (shear)
cHAlR} ofE (warping) EHHIR LHF0] ol22| &=
ATME SAMAIF|E digo(c



tiel B8 =<4 M0l ¢

Fol TEES 9H3 =eule FIE vk 4
BYE E RS 2E APNN A7 BE AR
FEAA ALshe BAT Q¥ waE) el

A
1, HEe BE dolgE Ao Aunyl =o}
Aoy B7og 9% 3hd Ashr) akHe aast
gt mebd] oA B e, 2o AW WslE
B3] EA4o] M) AHZ do @ AHSE B
Aol F st}

3.1 =Xl tlze| F2g 0l8stke M

Flo}-¢ Z3 % 7}2\ she 19 3(), 28 3(b),
29 3e)sk Zo] gawakd] wet A 7 A9=
ol A & ﬁlﬁ}. oy 39 x, vy, 25 B
HEAE ot &8, AHExe] BF wEko] x,
y, 2% F o= 35 7P UBEx A 4 glew,
o] &g F A7} (principal axis)olg}til gk 1§
3a), 2 3, 2% e 47 FALE] 4y,
X“—ﬁ“ <l A$E Holx 9\}\‘:]'

E5 volHrt At mlE 2 AFEo] 97 &

of, Gurdg @A wn, B vuge x& o g
g o] itk 7} é% 4 Stk EF tolyy &
a Wze] g wae 18oA #& g E Ur
Ak w8 i, j & 20 G4 HBAE ovisiy,
17%: el 4

=

N &R R HEE 018t 80 A #b

£ By ey & wgko )

=9 B8 VNSt 515

dxo] gl 7pA s

2% 3a), 28 3D), 29 oA EAY F3
el B4 viEee Mg 2 3 1Y
oA HFeA] ek F, 19 3 1Y el
A xF 7 iZo] PPt @ Aol oW, AAE
Ngoz Holeg god B 449 Bl Mua
FzEIb earEolx] Fahv, g F1F GAS Ve
o2 dolHE ¢ow A vimg Izt #344

2 gx7t e HA de
&

T/

o] ¥4 gt HE
H, AL ve]e] &

o] Aste, 2o A HE S
SIMD ¢4He AMEE 4 glAl He FA7F At vl
2, Ay AAHNA vz £4E WA B o

2 rﬂ,

Y

A
’IH% A ghgo] gord o] EAIE HE & 3o
v, & HoleE AFstr] o|Hoh

B AFE o] BAE HAE eHE HAs
Ak wA FAAFC] 25 1E 3@ B F
ek Al glolm EAleh S G BReA ¢AbA
Mue Joe Aot meba, W3 glo] 19
AT o] st thg, FAZF0] vy 1
3o AS T3 2ol 94E FHeE 9009 3§

A Wee sYar1213] o2 Hd 28 39t
2ol x27 i%o] Y Az LA vz
Aol sfselty vix o g Ao x5 1

(?J:

d30F 2L As, B Ave ARE PEE A

L

(d)

% 3. Hieh e BERLe| fixjof w2t (a), (b), (c)et ZE 3viklel Melg TRk, 2t A
§ suyuEg Mexon sict 1 ol 37X defle SMOE (d), (e), (e &

A IRTE xH0| BYS HE ol 4 Ut

fEfol] eial st x&0| “A@OPE
MEfz SZHEICH BEE Atefof



516 HEDOICIoES =2X A12A M4%=(2009. 4)

g},

ghek, xFo| iFd FAT 2N WEHA| 7 E,
T A YA e FAHOE A3 A4x IHE
Ao g Aoyt g
AA =He A7 A A& Eo] F
(1, 0, 0) Alo)e] AHE B HFHEANA 10]t} 18
U 4o At 54 3 3o Age, €9
HEQ 5% 5y (0 < s 5y < Dol &8}, /52452
o] Fo] dukx oz Zol7} gepzici1l] &, 4
A d& HolE 9 H7]E BEolAY Zole AREE
£ 53 F4el wHE R e, 1Y 3@ 2ol
EX dolegt A4 dHole ] 3t wgho] 1 1) 1
-g-o] AA3kA ko SIMD d4He FHR & 5
A At webd B A7, FAGE] x&Q A%
xyHHd HaAd ZZo ojxYd JAe] HX
(transpose) A4S &3l xF3 yE& A& vl
o 2ed 13 309 2ol xF i%e] HaysA
ot 13 1 Zolx FUSA REHE A7) A
o] SIMD ¢4hg A8 4= Qo). o|FA 7t AL
Zo i3] Feld ¢ngdES 2198 4o et

AR Qe A%e ZA PojmA aHE o)z}
A ggd dolEE 21 ¢v AL & A F=x
25| (cache miss)E Fi+dt7] W#olt} o)A &3
£ Bk 98 B d3e AAALE 2 92
o] Ao g A AE Fshe S AL

|3t} o]y 3 whale BkE- B3 (loop blocking)
ojgte Walo® & IelA v 7IgolrHio]. vt
wE 8235 2 J ¥ (working set) S A
2 Agse 98-S g v At
A AMNE HAE GaEE £0.2 T
PH = g}
Aakg, A PIEE R
Hox TS g}
55 FAMd(scanline) S ¢
4 x 4 B4 779 27 le)S A% aglx Z+
Z7Ztol] BF AXANE FYIHLE D). H29
CPUE H4 8709} SIMD HA2EE 7FA3 A7)
R 23 58 T2IWL HA2H A F
A 4 ok wgA F R 23 dE AT
Ful7E AleRR| 5L AR o] FFETh FA LGS

b
‘2
>

L

4 o

Dor
2,
R
gt

2
r ]
o2
o
fo
o~
=
o,

e

x%Q A% £48 dudEs 18 60 Btk
a9 694 FRA HEE FYSt= Get image

buffer ¥7& w FAMAAwc} g

@ W HE WL
ARSE 1 AHE AANET 5 2]

—;:_ZJ_
A F7HE

A2 Piel
for each z
for each vy
7% volume_stream <« Get slice buffer (y, z)
image_stream <— Get image buffer (y, z)
image_stream <« Max ( image_stream, volume_stream )
for each y
for each z
yE volume_stream < Get slice buffer (y, z)
image_stream < Get image buffer (y, z)
image_stream < Max ( image_stream, volume_stream )
for each z
t_stream <— Transpose slice (z) { transposed stream }
N for each y
volume_stream <— Get slice buffer (t_stream, y)
image_stream < Get image buffer (y, z)
image_stream < Max ( image_stream, volume_stream )

TR 4, BE W e 5
2 I83tod 7k

. BB ¥48 =XI¥oz glof SIMD ditg Mg 4 et 2b dTe|FolM
0 st 8 4 ok el FAIZME0| x o, Transpose slice(z)



el g3 === HOIE bt &1 fi2al &xE 0|28 250! Al g4~ £9 25 JINE 517

Transpose(row0,rowl row2,row3)

{

_ m64 tmp3, tmp2, tmpl, tmp0;
tmpO=_mm_unpackhi_pil6{row0,rowl);
tmp2=_mm_unpacklo_pil6(row0,row1);
tmpl=_mm_unpackhi_pil6(row?2,row3);
tmp3=_mm_unpacklo_pil6(row?2,row3);
row0=_mm_unpacklo_pi32(tmp2,tmp3);
rowl=_mm_unpackhi_pi32(tmp2,tmp3);
row2=_mm_unpacklo_pi32(tmp0,tmpl);
row3=_mm_unpackhi_pi32(tmp0,tmp1);
}

% 5. SIMD BX|AEE ARBSHE 4 x 4 |Lo] Mx|oiAg
LHRY &==(intrinsic function)& 0|3 78, &
|42 8719 SIMD elitez o|R0{x|H &|X|A
H MollM 2Est22 ol2e| &z Hi gio] 150

2 4 = 2k

for each z
for each y mod 4 = 0
volume_streamly..y+3] < Get slice buffer(y.y+3, z)
for each x mod 4 = 0
sample_stream <— Transpose(volume_stream
[y.y+3l[x.x+3D
image_stream < Get image buffer(y, z)
image_stream <« Max
(image_stream, sample_stream)

T8 6. N d0e|E. 7E 3ETt MR|QiAe mEsin

=7 T7] o 11]7%*6‘ A, W2 FHE £3-e
2 Hsle *3 < PN 5 X
—r7P51 Z X%l %}ﬂﬂ% T

:L% 3(b), :La %<c>9+ #ol 3714
ol F, FALE Ol vE EE 25 A g
Foll WS YA 7o, xFH A9 3289 3k
AR AN ﬂ%«fﬂv} ol ¥

3(e), 19 3D Rol AA st FAHNEA Hay
A Slol, %9 BN 18] SIMD A4S ALE
@ % A Fek olF ol o RS FYaw

A% 29 Qo) Bsolay,

| 2= gsdne zazse 23 |
EEST x50 3
59 39 d

BIAf 2B LR OM A&

I ESI AHIESS A A 288
! :
SIMD oIArS 0|2310] XA
27|12 M7Asin nsoz &
A O1AL 4 o
ofE WEE ABI0] 215
53 Aue MM
a7 7. B =2olM motst ¢ne|Ee 2T
4. A #
oM FoIAE Ak W& AHgle A &5
o] A ARE ERIsty, A1 IS BHAoh XE
23¢ Intel Core2Duo™ 2.13GHz¢] 44 CPUE
e QS AFEANA FaA AT CPUS A A]
W32 g A7|E AMBo]il & w289 A7l 2GBo)
o}

. 782 Microsoft9] Visual studio 20059 A4} C++
< o) g3lF e tF ZolE ALY % U
AP T2 aﬁm—% AL ot A AL

5t8}7] 13 74 sl

AA A 24 ¥ 2<>ﬂ welch Age A 7
A daES MasgEd, WA 71 Hol-¢
e 2§ 7

A BH11Y] 7HA 8 28 SA AT

FolA Akt SIMD 4} 4313
AREEE WAl (F 29] SIMD)E] 7HA]
Ao g 3284 At
G E(E 29 BE A
Aot vwstErk. 43

1. Agoll AIBE 2§ HlolE

tlolg °]& 7] £ Z(MB)
Head 256 x 256 x 225 28.1
Brain 512 x 512 x 185 925
Aorta 512 x 512 x 310 155
Body 512 x 512 x 512 256




518 BEDCOEE =2X X122 M4E(2009. 4)

2. 2t M9 dio|efoll CHEE Mot 2ol Ms B4 Zot
(AlZHeE9i: ms)

kKl

Hol-¢ SIMD |RE #HH3}
Head 17496 36.62 2391
Brain 577.44 11491 72.99
Aorta 961.26 192.01 12115
Body 1587.33 31851 205.48

2 7 HolHE A TIEA S 7HA3F Az
] B gkoloh
At wlo] o3 7HAE 5 24 FHE
S AT 5 Utk N1EY Ao~ YaFe
Head Hlo|B & 7% 174.96mse] A17to] Ae s
Aortatt Body 9} 2ol 300%-2 23sE & dlolE
o] AF 29 A7te] A0 F o] Ag-Holx] Pt
9, SIMD 14k8 ]88k =214 7pAl skl 98] &
b od) AxE A S4E A4S B3UE 4 et 2
5 Fd F= vlojE9] FHe] FHIA €A

AL Y F Uk At gaelEL HolH £43F
3 7hé d3EE gle] SIMD Oiw} G REAE R )
AARo g £5 FAE o] FUY] wEo)r} et
717} A2 Head Ho|E 78% 5 Fdol 478HH
(174.96ms / 36.62ms)E A th& = o)E ol vl &4
Zo] 7t Y} AL vlojE o] A% e HT W
Hol vuhz &9 Fgto] FopAe &L 9lof A|A
vlmalel F&o] %47t IH7) ol

9, 32804 A Ax|datel vH48E T
ahe, A WE-E 71 JHAE ol Hls) Tl ol
o A% TS Qe 538 512°9 2 §%2 A
Bodyrﬂ o]E] % 5fps (1000ms / 205.48ms) <] th&} =
252 7pA s & 4 o 31079 =79 dlo]E
= 8fps (1000ms / 121.15ms)e] £5& RQIth

g2 239 A 4E S A 2ol SIMD 94t
ol gl 21 By ¥H L AASNYE Yo anE
golr 7] 93 APIYHE 3 F3). HolHEe
Aorta® ©] 8843, v R FxYg ARE FA
7] A8, FAGE] &Y W2 A3 spAE

e

Koo

°]
&

)

ri

E 3. 27| ’M7A=z ot 7i5st &3 (Mt ms)

g Az
71E Ho)-% 353.53
27 AA 109.25

H 4. E25 FAAME 0|23 M5 B (A ms)
gaelE FANZE yE | FAGE xF
SIMD 113.32 42665
£ #43 113.32 146.94
Arg 28T FA DS 2% A, 718 4

of-¢ 7%15} Ve FE7F £83 0] H7) iE
olth, A A= 38| o]/4(353.53ms / 109.25ms)
weld Aor EAFAeH, E/1EYE A A
T el YRS AT 5 U
A Aeret HAsle] adE Kolv] 9%
E ¥ 404 Rojar k. tio|El= Aorta
b lat, A2l y el 499 S5 x
9] £ & WAtk AA AL FAZ
x%Y Wt HELEEE FALS] yHI o
A7 113.32msE o] glok FA 750
739 WA A8 A& gl TS A
o] 42665msE 3] o1 && At A= A
& Ak, 18 AS A Xﬁ??‘aé}% B 1 Al
7ro] 146.97msE s gl v A GF| yv&
759 113.32msel ®lelA 30% F=] 7hA 5
],o] 27]—0};(]13} 712 awqoﬂ B]5H q}& b-k/\l»gl_
& vebiTh
vpxjeto 2 1y 8o shAIE A9 4/3& Head,
Brain, A()rta Body &4 W& YEHIAS. 2 982
z98 289 FAAE 73R flo] =8ula 319
A MIP"I ANE $A8A FEaa ok Fag,
HeadZ %9} dlol8E CTY JA 1A 4 T
ﬂiﬁ} 47) gi&ol o34 opF AgtA HA A
&l st st dolzt RAE

oy

O
hd

RN A

N

¢

2

o

- Al 9] THs) 1‘%3~9- Agksteq, of
Ha FIMIP)S 7HE8E S35k

A MIPS] Bldigh Al 24 7 3382
SIMD Q4+& o] 83t AASHUT ©] FANAN

D A& A3 S1E 249 w344 Wz
A2, 2§ dolHs 34 delszia 1 4 1 9g
24 BFA717] A3, 7S £ME wAske 7
g Attt 21 87 9He ¥ £571 =
251 AHE 37t 7] Wi, A S $3l 7

1°F“m
B
52
ﬂ-i"



0

&

]

& === CIOIE

St XA MRl &F

2 0|88 S8N0 A 2D

By 88 VN8t 519

%hf}" *‘a% /ﬂx} *—% 83} =
o F 7 S B Efé}f& AA A e 713‘—
- o] ws) 7 1%94 1}
durr o g AME8lE 512 x 512 % 200 W‘EJ CT
tolele Aoz 03%% T2 £ dslen
512° Zv]e] thE EF dlolEld] A= Sipse]
AR £EE NG E 8T 4 AT B I3
BEe dAe] dAAe duHEs a7sA] g ¥
& oobdE W F gAolv 27 BAFES B
o8 43 AZEY A 74 7Y flolx 31
&0 JAL ALY 5 vk A3o] YolM &
B4 Zzadd QA AL st

Zi2t Head, Brain, Aorta, Body HICIE{O|T}.

It
Mo
g

il

{11 G. Sakas, M. Grimm, and A. Savopoulos,
“Optimized Maximum Intensity Projection
{MIP),” Proceedings 6th Eurographics
Workshop on Rendering, pp. 51-63, 199,

[2] V. Pekar, D. Hempel, G. Kiefer, M. Busch, and
]. Weese, “Efficient Visualization of Large
Medical Image Datasets on Standard PC
Hardware,” Joint EUROGRAPHICS ~ IEEE
TCVG Symposium  on  Visualization, pp.
135-140, 2003.

[3]1 L. Mroz
“Interactive

H. Hauser, and E. Groller,
High-Quality
Intensity Projection,”

Maximum
Computer Graphics



520 E=HOICINESE =2XA H12& H4=(2009. 4)

Forum, Vol.19, pp. 341-350, 2000.

[4] G. Knittel, “The Ultravis System,” IEEE/
ACM SIGGRAPH Volume visualization and
graphics symposium, pp. 71-78, 2000.

[5] W. Heidrich, M. McCool, and J. Stevens,
“Interactive maximum projection volume ren—
dering,” Proceedings of Visualization, pp.
11-18, 1995.

[6] B. Cabral, N. Cam, and J. Foran, “Accelerated
volume rendering and tomographic re-
construction using texture mapping hard-
ware,” Symp. on Volume Visualization’%, pp.
91-8, 1994.

[7] M.~Y. Chan, H. Qu, K-K. Chung, W.-H.
Mak, and Y. Wu, “Relation-Aware Volume
Exploration Pipeline,” IEEE Transactions on
Visualization and Computer Graphics , Vol.1
4, No.6, Nov.-Dec. 2008.

[8] H. Pfister, J. Hardenbergh, J. Knittel, H.
Lauer, and L. Seiler, “The volume pro re-
al-time ray-casting system,” Proceedings of
ACM SIGGRAPH’99, pp. 251-260, 1999.

[9] JL. Hennessy and DA. Patterson, “Computer
Architecture: A Quantitative Approach,” 3rd
ed. San Mateo, CA: Morgan Kaufmann; 2003

[10] Intel, “Intelb4 and IA-32 Architectures
Software  Developer’'s Manuals,” Intel

Corporation 2008. Available at http://www.

intel.com/products/processor/manuals/

[11] P. Lacroute and M. Levoy, “Fast Volume
Rendering Using a Shear-Warp Factorization
of the Viewing Transformation,” Proceedings
of SIGGRAPH%, pp. 451-458, 1994.

[12] CH. Lee, YM. Koo, and YG. Shin, “Template—
Based Rendering of Run-Length Encoded
Volumes,” J. of Visualization and Computer
Animation, Vol.9, pp. 145-161, 1998

[13] J. Sweeney and K. Mueller, “Shear-Warp de—
luxe: the Shear-Warp algorithm revisited,”
Proceedings of the symposium on Data
Visualization, Vol.22, pp. 95-104, 2002.

[14] H. Kye, B. Shin, Y. Shin, and H. Hong,
“Shear- Rotation-Warp Volume Rendering,”
Computer Animation and Virtual Worlds,
Vol6, pp. b47-557, 2005.

#

Al

1999 2¢ AM-gdistn Aqka}st
7 &AL

20014 2¢ AMe&digw AZAF
B 385 AL

20051 89 M-guigm AV|FEF
Bty uhA}

200641 19 ~20073d 3Y AL
g AFEHATE a7

20079 9¥ ~EA FAUStE HARAAHFFst FHQ
7°U\}

B R BF JHAE, AAIZE AU, A8 38R

o



