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A survey of the techniques of volume rendering for
large-scale scientific data
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(1. Laboratory of Computational Physics, Institute of Applied Physics and Computational Mathematics, Beijing 100088, China;
2. CAEP Software Center for High Performance Numerical Simulation, Beijing 100088, China)

Abstract; Volume rendering is an effective method to visualize complex physical features in large-scale scientific data with high
expressiveness, the difficulties in processing huge amount of data and capturing complex features, however, are still a great challenge to volume
rendering. To address the challenges and improve efficiency and effect of volume rendering, researchers conducted in-depth research on volume
rendering algorithms from three aspects. On the one hand, it is an effective way to improve the efficiency of volume rendering by sharing
computation with lots of processor cores so as to reduce the computational amount of one processor core. On the other hand, by fully exploring the
intrinsic characteristics of three-dimensional data fields, data reduction methods can greatly decrease the amount of data in the rendering process
and thus reduce the overhead of a volume rendering algorithm. In addition, feature analysis and enhancement techniques can also be integrated into
volume rendering algorithms, thus complex physical features are highlighted from the data fields and high-quality rendering of scientific data is
achieved. A survey of recent advances on volume rendering techniques was presented and various research methods were analyzed. In the end, this
paper makes prospection for future research directions on volume rendering of large-scale scientific data, including application-driven feature volume
rendering, feature-based data reduction in volume rendering, hardware-adapted multi-level acceleration of volume rendering and in-situ intelligent
volume rendering.

Keywords: volume rendering; parallel acceleration; data reduction; effect enhancement; feature visualization

BWEE T ACUGT RN B L BB B B ROREE IR, e 2 A S TR B F- i
AREAWTHE , BOCRAE Sk s S RS SHRERE . AT, d T AL RS L A
RSN I SO 2 T B AR PR AU AYIG I, B AR A I SR R B T AT
PR SCBUR R 9 = ERUE R, IR B Rk EIT s, AR R, E A T 0 S A

« RS E#E:2019 -09 - 15
HSE : [M5 A 0F 3 IVEB L F (2017YFB0202203 ) ; [ B A EHIT ) Ve B0 F (C1520110002) 5 H58 910 T 4455 0%
FL 4% BhI H (9140€690504150€69305 )
1EE/ N FE4E(1976—) , 38 At =4, BIWFST O, 184, A+ 4 5l , E-mail ; wang_huawei@ iapem. ac. cn



"2 [ B B 4k % o i

5542 %

WIS < LS () A B B T DLGR B LFE L R
Bt GB(HAZFT) , — WK S8 FE AR 13 11 Bsf A2
Bedl SR TB (1) 22 PB(T 1L
FAT) w G BN, N 40 R 3 B R A g
(JEMS-FDTD ) X L i Bt BaE ik S} AL EE HLIGE A
e (AL AEL T, fiff T 6000 A~ b B8 A% E 4 T
T 2 FFABRIE AR, RS FAEA 3400 x 2000 x
1060 ( 24 72 AZA>PIA% s) , BBt ] 25 i o £ s o
i 173 GB, 2Lkt T 200 A~Bof 8] 25 9 25 41, B AR
Hds E ik E T 34 TB,

e K 2 B AU i L ) R S B %o 45,
BRI HT BRI U T AR R I Bk AR, 32 B IR
FEAET LA T

1) 8 5 b W B AR AL R B, R AE 24, T
HAEZS [R5 ] 434 AN 3557, HE K i 2] 1
HERf A 5

2) Bm R K, IF DA R A M 203 A 5K
AP T IEATHLZ 25 5 1, % A BRRD 23 T S ik
KIRIHE 5

3) MRS PR AN [, £ s 4 B 2 Fh R A
()52 2% A 445 #4428 0 A L B 3 B 45 4
(AMR) A% S TR 254 Do At k2 I 254 D A 55

QAT = R A R RS 5 2 = A3
R BEARRAE L AT A 7 SR B ok, S &
KAEA R IRA ML B AR AT ) PRS2, A
A5 2Rk 7 S B B8 35 e} 27 B AR, J2 S5 B 1o FH 40
B YT B DR [0

gz 2 52 B = e 5 7 AT A i A% O R
Z 1 BT LA T A R R B 7
YRS, A AR SRR T o %5 % AR
S ERE AR R R OB, 4k g i Bl
Gy P R 7 0 R A, SR S AR i A AL T 5
KA BRI AR 0 il e ok, B4 Bt
e EBRERWBEE, S 0B 1, 25 e i
RCEIE AT 0 1 WG > A2 00 [ 8, B — )y 1 22
HERR RIS B S WIS S, D) — 7 TH IR 220 2
EH AT EEBOK . BEERRE TR ROR T
AN 2 R ABEARLAS 20 A A PR G ok ok A, L
b AN SR A BRI A AR 2 o] v v e A
AYIPERIE o SR, IR ORI S ER A
BB AIE B BRI A, LT & BT B R AR R A
SUBBUSIE B, BRI, AN IR AR S B R E
KITHEIE S fIn a2 R R
£ /2R

T H £ R i DL P H £
SZARYIIRRE , I E AT N 224 5 T AR 22 4

BT Sl s

Fig. 1 Principle diagram of ray casting algorithm
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