EeoxFEioln " OB ¥ 8B Vol. §, Ne. 10
1995 4 10 A JOURNAL OF SOFTWARE Oct. 1995

B E T ERERRNEYERTE"

Fam RE#%
CPEPERESI R LR 100080)
(FEBLERHEHRM RN CAD #FiULE = ,JL5 100080)

ME BEuderh et BERERY X7 E CHERRERCBE . ACHEES
HARPEHENERLFALTTHE R 7T A ETAREEEL SRS XXM EHER
ROFBBEXDENEVEHRRAZTAAEFRNI K ERAEVMACESRIBHRFS
B HE AR & A AR,

x @97 BERR. e AR ERERR.

FrE it B TR T HALE R £ SR N TSR — EAERMEE T A&
EFCE P I B A B BT B BRI AT RE SE PR L 5 B IR T A 2 4 H

ERR B TR O — M A PIR S R EIE R P M SR R e ). T RS
B 4y 7 B TR B LSRR R e mT ALk A P e B UL B B o B L A TR A R
B RO A RS REN TR EEAETEH RBREERTRESHFEE. Sk
M AEEHTERAMOBETHAER, HEERBIE R R, 27 ol U SRR
o P B A B R AR R (B BT AR L T AR B LN L A 5 2R, L R AR R A A
FR] 2GR » LA 7 A A 6] A BEARARIR] A/ 84 T 901 468 P i B A M B e s A P9 28

R MR A RS LTS B BB I BT R AR AR EET . AT AR
RS MR EB RO MR @ & M ERGE b AR ARG R, RS MU ES
GF. BENRCHIE EEWZE R R R £, R RERBRESMER LA
W, A BTN L BB S TMRRNER.

AE AT, BT RENGRHEEERR OB WAL SR E A E IR
B A B hE e AT 2R 0 B, B R E AT KB REER, X EMH AT R
BB

FEOCERLLS, L4 L BAMRH T —MEM B e R A& A RE R e A
R, BT 7T LA A2 )5 b FE A e 8 B it AR RO AR IR e T AR L {E T Rl A
“HESLTET ", 23 (R ER AR, TR A PR B L 2 2 (] o R U R Y AU

* ARIC1994—09—24 UK F],1994—11—24 B3
Y& TR, 1967 4 BAF , E BRIt ETEE % RBE 1947 B4 HRER, EETH R NI EH
R .
ESGRRBEE A EA . JLER 100080, 5 E BB B 5T

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



— 578 —- # # ¥ R 6 %

AR — P S B R BT . OB SRRAL —ME  EEME , AR S i I R Tk
1l iy 228 B BE TR 4H A A 8 T AT R RS AR, R R B B b RORTHE P BG4 iy R R
Fr&Em. WArR 5 WA T3, AT DL A R, B I 307 - A e 0 0 T A0 AR 953 .

TEAOH IR E T RGERELEH. B BT BERaENF L. B 2Bt
i U B ACHE SR 58 3 M BE LA

1 eREMHFAE

JEg RSB, ECRREN AN, #{# B Porter U448 H i over B F. over B
FHEHTER. BHEML . EATAFESAE B, W ER AR LSJEEEE > .,

0..C Oy, MIBE BTG 22 BT AR B B 60 C=C.0.+01—=0)C0, (D
Rl ot I B MR E AT, BT RS AR R AR, KBk
xR, Cooe=(1—00 ICreOe+Cucc (2)
Ouee = (170,0) O,y +-O... (3)

B4k Co Ml O F R TG F EINR T R AT D R R W G5B .

OB RBRIER n 0 WERTETHT. =200 [la~00 @

WAk ,Cn0; TR EEIAFE j AMEEEWN AESEEWE.C BX n MEEY
U B BT 5 6 PR A By £ .

HTBREG NS RABHFE, RIS DB IV IR AR SR E Y

B 3% IR R A A (10> =(1-0,) * (1—0.) (5)
A OOy O, BN RS R O, WMIFFHE LB Se1 Sty oo S, (T AR
L (10 =10y (6)
(1—0;)=(1—0y)" (7
A—0) =40, : (8)

) — (R F O, W & BpyE L 4, ZEHE 2T -
AR (CLODR, (1—0,.) =1 —0)% 9
B (C,, 0,8}, (1—0 )y =(1—0)" "% (10)
EW(C.,0.)8F, (1—0,.)=(1—0,)%+Sy==+5, (1D

FR, (DOXFESHEBI® j MEERme, &% N,

Coee=CleHC; % O; ¥ (1—0y) a5+ +5%, (12)

FHQ—0) HEHE B P EHEF
(1—0) (1 —0)%s (1— )y voe y (1— O ) eee
RAIPRZ AEWERR, L8 R Ry, R,
MBS ZERTHE N TEYLRE,
QU F ) 3k 5% FH B 56 300 A X 1 38 H B B E T 2545 St

© HEFRES AT ]lltp://W\i.’W. jos.org.cn



10 ¥ EXRF A TETENESRRYELEATHE — 579 -

(OBEES R KMNEMLH St

W& EE J AERERE, DRBENERER K S, (B REM Ste.—Sta 1525,
(D TEB IR BRI Rsuee = (1 —0,)% , (DM Cooe =Cre +C;0; * Rspuce-

HTFAEEREBRC 50, 2R HIHM, BIATIRAETHHEFERPHB C, +
O, XRTEEABERIBRPRENHEE C, » O, BfE. HH 12 C, = 0; X CO,. T, di#l
HRENGEMBELAR R, Cooe =Ce Rsiaee ¥ COheu (13)

Stoe =Stuee + Stpew : (14>

ERGEEREBIWHE, RITEEEME () ONTEAFERE (-0 FHEER
Bk CO: % (1 =0 =041, meery fj=1,2,0rm YR EHER R C T H i 2
nEBrBEAR . Coee=Coe +C; (15)

Wik i K Staee s j H 5 G EYIR. '

BIVEXEHEETREFIHAERERR.

ERXYREARMCERARYEE C EER, EEMIERIE O. 5000,
j:0!1!29"'1ﬁ%%~

2 FEEFEBAK (—0,)8KM

HTHEFE . RNFEEVERROZE SRR H St HBRL.

BT ()8, Sty o, St TABEF AHFEFLEF, FHBH Stu>1.00, WL
(1—0,) % Ry HAE, I A0 By A A RS, a4 E 0. (A —0)" BB HE

EEAEBTRERAFFHFE, RIS — P REEREE Q-0 HHEE.

(1% N K RBEAE B (1—0),(1—0), -, (10,0, AN s 3k 1. 0 9B K ¥
AW A—0) HFKE.

(DR FA—0)GEDHE—TIE L 0BA -0, LU -0 KRE, LA #1TBR %,
BEEHAT Q-0 EMIENA—0).

EFEH Q-0 GFDHR 1.0, Mg H. FUHEED. B, BEOA-00REE
HEEAEA—O).

FAREEEEE LR S TR RN BER R AR M. LR R
BABEHEREEA-O.

AT AR A —F el B R

WA—0),(0—0),, A—0) PR FEE . EHRHE.

R ERAEIQ-0), A S6=1.H St;=In(1—0)/In(1—0,) ,i=2,3,,n, &
B3R Sty 0Sty,0,St,. WHT St;,St,0+,St, B A /NEHD.

REREEEERY BHER. il X 10 . WEMUQ—-0D> HEHE. TR Su.Se,
Styyeer St BT A 10 4%, H & F/DBAL

3 WESHh
WAV BNES/MEY T BAEEERQ—0), MEERBYWEREERT

© HEFEES SIS http:/ www. jos. org. cn



— 580 — ® H F R 6 &

In(T) /In(Q1—O0) T, F Ktk & 1. 0/7 I, 45)im T'=0. 001, fx & FH 1000 I , 45— I 17 ik —
AN S T WLE B AR R 5 A R & '

A K EPHRL.WEERRA K « In(T)/In(1—0) M EE.

w57 % B bR R OB TE 3% A0 B R AT 3 - (1) 3K BGE B BE R E (1 — O,) WY B R, (2) 4K
A—O0)E VAR BIBFE] A In(T)/In(1—O) IR FE k.

L AR AR BT A A B ()R - (1) SR BGE B B R HE (1 — O W B[], (2) (1 —0)
F&HKYER (C;, OB AR R IR K * Q+1In(T)/In(1—0,)) K Feik.

T Ao B Aot 5 46 5 S R Sl o7 A B B 48 O AL X Y R R O 1) A i e R

M LT BT, 5 A FR A B 1) R 22, 3 HLFIT a2 0 bR R SRS TG 0%, ] B R T

TR G R, HLBE(2) . ()X A1 (13) . (14D K (15) 2, AT 508 o i AEAR i s 42 v
.
oo, B o B R (6 % A B B o T A (R A o7 B B ) B ER A AT A e, OF R AT RE
Hb 27 B O T FH [R] 5 DT AR B B 5 HR4E

4 SERER

TR AR R e 5 e o e e R R b A B AR AR AR R e, AL B )
0. 02 §b.

B A 256 % 256 % 40 512 % 512 % 40 768 * 768 x 40 1024 * 1024 * 401280 * 1280 * 40

(54 R 7 (B 10. 61 19.81  34.36 53. 81 78.35
J T3 (B 13.53 24. 98 43.19 67.78 99. 15
ik # 21.63% 20. 69% 20. 44 % 20.61% 20.97%

B 1L 3 2 R R ROy R A e [ 2.8 4 J2 R R 7 i AR

P 1 M2 P 3 [ 4
BN G 85 SR BT 0 O VA R AR A AR v AR B, IF HL P A i TR R R R S R
2 ILF B A 25 :

5 H ®

ASCHR T — iR T AR 0 R R O . B R — A3 R K 5 S Y
75 WA BE 4 — RN 5 I HL R ST — A O B b R s R R AR R LA 4 s AR A o A
TS B R SRR, 42 e {80 B2 R 17 A B A RUR €88 A RO s TG, IR B A U]

© HEERERBAEIGON b/ www. jos. org. cn



10 A EXAF AEHNTEATENRMRGEHS AT X — 581 —

BREFM.
£330

1 Lorensen W E, Harrey E C. Marching cubes: a high resolution 3D surface construction algorithm. Computer
Graphics, July 1987,21(4):163—166. ‘
2  Fruhauf, M. Volume visualization on workstations: itnage quality and efficiency of different techniques. Computer
&- Graphics, 1991,15(1),101—107.
3 Kajiva, J, Brian V H. Ray tracing volume densities. Computer Graphics, July 1984,18(3) :165—174.
4 Sabella, P. A rendering algorithm for visualizing 3D scalar data. Computer Graphics, Aug. 1988,22(4),51—58.
5 Sakas, G. Fast rendering of arbitrarily distributed volume densities. In. Proceedings EUROGRAPHICS’9¢, Mon-
treux, Switzerland: North —Holland Publishers, Sep. 1990. 519—53.
6 Yagel, R. Kaufman A. Template —based volume viewing. In; KILGOUR A eds. Proc. EUROGRAPHICS™92,
Cambridge— UK ; North—Holland Publishers, Sep. 1992, 153 167.
7 Drebin R, Carpenter 1., Hanrahan P. Volume rendering, Computer Graphics, Aug. 1588,22(4):65 74,
Laur D. Hanrahan P, Hierarchical splatting: a progressive refinement algorithm for volume rendering. Computer
Graphics, July 1991,25(4).:285—188.
9 Lenz, R. Gudnumdsson B, Lindskog B er a/. Display of density volumes. IEEE Computer Graphics and Applica-
tions, July 1986,6(7):20—25.
10 Westover L. Footprint evaluation for volume rendering. Computer Graphics, Aug. 1990,24(4):367—376.
11  Wilhelms J, Gelder A V. A coherent projection approach for direct volume rendering. Computer Graphics, July
1991,25(4):275—284.
12 Porter T, Duff T. Compositing digital images. Computer Graphics, July 1984,18(3):253—259.
13 Wang Wencheng, Wu Enhua. A new method of compositing colors in volume rendering, In: Fifth Eurographics
Workshop on Visualization in Scientific Computing, Rostock, Germany, May 30— June 1, 1994.
14 Wang Wencheng, Wu Enhua. New approach for color composition in volume visnalization. In; Chen Jiannan eds.
Pacific Graphics®94, Beijing; World Scientific Publishing, Aug. 26— 2%, 1994. 353 — 366.

USING TRANSPARENT DEGREE RULER TO COMPOSITE
COLORS IN VOLUME RENDERING

Wang Wencheng Wu Enhua

CInstitute of Software, The Chinese Academy of Sciences, Beijing 1000800
(CAD Laboratory, Institute of Computing Technology, The Chinese Academy of Sciences, Beijing 100080)

Abstract Color composition is a fundamental step for direct volume rendering in scien-
tific visualization. A new technigue is proposed in this paper for compositing colors. By
this method, a transparent degree ruler based on a transparent degree unit is built. and it
is independent of the view point. After the transparent degrees of all media are transferred
to relative steps based on the transparent degree ruler, a new compositing color method is
presented to eliminate a lot of repeated calculations to improve the efficiency of visualiza-
tion.

Key words Scientific visualization, volume rendering, compositing colors, transparent

degree ruler.
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