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Abstract

Multi-resolution volume rendering is an effective method to solve the problem of massive data
volume rendering. The comentropy based multi-resolution volume rendering has an obvious li-
mitation when handling data of geophysical field which have a low SNR and complex microstruc-
ture characteristics. Tensor approximation can extract the characteristic bases of the data, and
gain the data approximation with microstructure characteristics by means of the linear combina-
tion of the characteristic bases. We made a research about how to choose the rank in tensor ap-
proximation multi-resolution volume rendering. Low rank gained a high compression ratio, but
low PSNR. High rank gained an ideal rendering effect, but low compression ratio. In this paper, we
presented a method that could find the best rank adaptively for every block. Based on high rank
decomposition, we did binary search to find the optimal rank which will exactly meet the error
threshold. Meanwhile, data were separated into blocks, different blocks have different ranks. Ex-
perimental results show that our method has a higher compression ratio and similar render result
in comparison with high rank decomposition and our method has a significant better rendering
result and a slightly lower compression ratio.
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RAZ I HRBLH RBREERER AR H N —MEHT%, HRETEBHNEZ I HRELHIEMR R
fEWR LR ARSI R RN HRIOEA BRI TR R KBS . TSR KSR B R B Ml & 7 E
TR B I ARAERE , SRE N R R & RIE DA & SRR AE BR LA SR . BT DA
RUESIR EHROBIT, REFFENAMEERS R . AT ETREEURZ PR ELH R R
BRI R IE, RBRSEEL T M BIR R, HIEEERIE RS TREFNSHIMR, BHHE
EAEZRE. ARE T —FKEIE D P RERIEREE. REABBEERKFOEM E, B
SEREPHEREMNROBER. FH, SRS REE, SRIPFRAAFAK, LI T ERSEEE
HBROBRT, REFBREFNSEIRR. BIHARSRRYN, HUETABREREIENS, B TH
REER, MBELEINREASTRIMEMEDS; HETR BN RRSBTS, BN BK K
REEUT, ®/IT REIHR.
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T, BT GPU I BRI AR 1 C 4 BN A8 B A FR AR bR 7732 MH L TR e
i, ARG AR AT DL AR L5 R . IR RESE BT 2 B YR 2R, BN BRI Ak
PIFRATIE . R R B AR AT 25 4%

UG T VA AR A 3 % R B IRE, {H2 GPU A7 23 [ (BRI, AR SR | 0 R 2 il 1 R R e 1y 3= 22
HEAN[1]e MEIXFMESL T, P24 T 20 RRGHIEAR . 20 R 2 i 1 AR 2 I8 i ¥ B A1 4 AN )
M3, B — A3 BB T AN R 20 H 25k S I 48 A0 = Ak 2l iR . RS 0 BRI 3 1 230 SRR
43 L) LOD (level of detail, 4015 7/KF). BRI, 2270323 R 10 G B RN el i 2 45— AN 0 BRI 415 7K

IEAESRE I 2 o R R B A S s WA T3 — R T U 2 kil 2 i X

Ljung P 252132 H TR T 4RI M2 iR S Hl B AR . 15— X5, A3 P 3 B iy
HORS PR, 5002 B EARKN . Liung 2313 H 73T CIELUV (CIE 1976 (L*, u*, v¥*) color
space) 7= [ (1R ZZHEN o I ELYE S BRAN T KRR, SIN TR G R, CAkRIRIL 2 mRUr . 3
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Boada I [S]5 1 Je4 H 72T )\ XMW 2 2 Hrde it Ko o FH— 0\ XURRFR A =45l 1k . 9
—N AR A KRR 8 ANAHAT 43 B SRAE e — A F N e B, BRI 73X 8 ANk
A o3 B . ALor Bkt N\ SR H, IXAS 8 ANGr BRI B 45 s AT e BRIk, BN B s B R, (H
FERTARR I 2% (] AR B S B R /NAS ] o 3d 3 e )\ SORE (38 77, e % AR 25 2 by S 6 AN 40 B AR BEATL 5 11
ISR 22 oy HR 2 AR 2 FE AR R e, AT E AR R BR 1) T 8 8 B — N1 AR 2 . REHL S A EE B,
TR ) [X I T R pA) 308 500 #1704k DA S U A B 22 6] [7] [ 8138 % 4 FH SReiff o — AN 4 BR A 401 7K
Guthe 1 Straber [9]#&H T —FXt 2k HARZ IR FAG T 735 ARAT TR R 22 8 O FCOR ) RGB 7% 2 FliR K
(AN R ZE RO . Lijung [10]F a0 R 1 48 B 7 B I RS 2 BANE SR 0GR 2 B3 5 iR 22

s EITABA[11] [12] [13]52 FH i B 2 57 48 20 A 55 T HL R SO A S5 a R Al , 6 vl DA 102 8 Ol 43
SN e R TR RO H T R MK E AR AR — MABIE R R — RAIFL 1 SR E A
—MZO TR E R AN FH R IR . BT# FK N CP (canonical decomposition) 7 fif, J& & #E#KA Tucker
Iy fEe B TARZ T 102 Tucker 20, PR A —ANRFHE MESAREER T IR A B i 4 — AN 7 1m) b
SERFFAE, PRI Tucker 73 RN /™ 42 B = 4EORFFAE RO L, X TRHESRICE T EEMIEM . KESL
BIAE T Tucker B8 LE CP BIALAE R 24 = 4EvT WAk i T AF bt REFI AR, R A SERPE . Tucker 4
PR PO B T 3 5 Ak A KT R S . Susanne K. Suter [12]%53E B 1 R I 5K &I 005 B A/ N g AR e L,
TEMFECR I RECT, BRI R B EAR AT 07 1) B =4 AE . Rk, sk L RERS R i N H Tk
HdiE ) 48 FURRAE B

B2, FBREWTEAR S, —ANSCHE R i) 82 QT UK B AR Rk . I IR ROR K, S EH B
Kl 0 R 2 2 A R 1 9E s SR I AR RN, AT RE S BECRIESR I B R AN R 2, SRR
A, EANRZER K. [, XF—A =i Aok, S MRFEnT §8 2 XK A . X Bk,
SFFAF o Beokin, HZ & S MR 2 D T REZE AR K . anSRxt B 23 He Bl AR 7] g 28 ) AN 4
BDG— K/NIRR, MIXS A Sy Eok i, FRES SEORZE R XAt Hukin, Wl fE 2 id A b 2
RGN . Bk, BATRENG— NP T HR A&, B, AR —FEets B IE Ry
T— N P F AR BRI T 1
2. BRI AR

TR ALE — R T m A A R (HOSVD) [11] [12] [13]10—FhEmia . H B H =/
sk EIE M EEE WA TR Tucker BZYAN CP B, H1F Tucker BETY =4 i) = AN K F4E FEAG 1 A0 = 44K
Bl =N ERE A ¢, BN _E KB SCHR[13] [14] [15]122ER] T Tucker fALHL CP MR AR fR 224 p B T
UFHIRIL. R, AT T i A A Tk S AU 8L Tucker FE2Y

5 B 3 i LS AT DA VR A& MR T S o A A SR i 4R FE I s 1 BoR, 3T Tucker £2AL1) 3
Bk B R RIS AE — AN 3 I ik E A A — MO Tk B 3 AN FHERE .

MF—An ks 4, HYEENT <L x---x I, BATTLCK A —/MZ 05K E B Fn AN TR
v o UM g TTM [10]R R R, K0k B WIS R xR, x--xR, , BT 5%
UV (1<i<n) RN <R,

AxBx, U s, U? %, -.x U (1)

Hd, (R,R,,--,R,) FA Tucker 73R, EIRIGEFEIATFR AR K E 4 8% (R, R, .-, R,) 7M. A
FHERE UMK T, xR, FATHCL ARK I BAR 1 1, 07 100 L i N80 BB ALE T 1) n _BROHER
Y%, HAE R, ARERIZTT A BB KA, MIFOREHRAAET ) 0 BN [,
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Figure 1. Tucker model tensor decomposition
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Figure 2. Rank truncation
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REEHNEEML TRKESBRE RS2, AFERELSOKBZOKE B ME 5K
U0 U AR TTM FeR, SRS TR IR 0 T B R oM

HAT, BB AR EER G2, SR SBEEL A PuRZEE R, 15— PR %A £[17]
[18]o FRAITFHUEAE{F 1 L (PSNR) K7 AR B i () s AR 46 24 1 22 37 K /)y, PSNR HE X n=(2), (3) s

MSE — Zn—o(c]l\'; _bn ) (2)

DOI: 10.12677/csa.2018.811183 1668 THENUR S 5 R H


https://doi.org/10.12677/csa.2018.811183

SN, B

2

K
PSNR =10xlog,, —— 3
gio MSE 3)

Horb, NOVEHRRIE REL a, b, R Bl R A PEAT S HEL, K RN BRI AR TE I . 45
Uk, AT DA BIRS SE— Hh m S AT BRI e, IEEAE R EE /e 1 R

Table 1. PSNR and compression ratio

%% 1.PSNR 5E45=%

Fk(16, 16, 16)53i# Fk(8, 8, 8)/ iR k4, 4, 1) fiR
PSNR (db) 29.55 25.76 24.49
FEZi %(%) 17.19 3.9 137

RO, RO R IR AL, ISR, (KPR R A B IR A, (EI{E A5 R LLA
FRCL, Wik Ay p BUH S8 — K/ RR, IRAT 280 BORBE, FIRER S BURZEIL R X 5340273 Hek
Yo, ATRESIE AL E AR . TR, JRATT 7 E B — A 7 B MR A& Rk

4. REFREREE

N TR SR ILBAERNIIRR,  FECRUE H IR 2 I 22 18R I B i 2 B RA] RE 20 16 1R 4 4090
ATV MG RNORRTFLG, 37 =48R, BRERE A RERR, RIS G 2 1R 2 BRI

AT Skt o BBAR AT VIR 0 = Rk o il o TEXIIE I Rk 2 R I R b, JRATI M8 i IR aa AR T
B, XK R RRIIREEAT B4R, AR 2% o B AR RO/

FHRA P AR IR, MR R . 8, FRATAT DU I AR 3 s [ SRR 21 e £E 1k o
B, SRR EIR KIS, X R T RMFCERAC. T — N iR, SRR N R NI
R RZETTRF . XEWE, KAMRERKIRE, HEMRZEWRNTRENR: KR ER
NEIRR, HEAMRZEDIRR T IRZETTR . FIRHX —ReE, AT DR 48 & 0 AR = 4R A
PR FE R R

B3 R T B REAERRIRAR . RRIRATEN r B, FHEREEERADNIIRR . FRATH Je T 7,
EM IR ZE RSN TRZETTIR i F N T, W =48 R, RN s B, By A, B Gy + 70)2
VEN R —NERIWIRR . 250 + ro)2 PERRZ/ANTUIRAE, WS AERRTE 7 B + r)/2 Z IR, JUTHL
By + )2 WSO TR AN BRI R, 4kl BIRERR s (G + )2 FERMRZE KT UIRAE, WU
IRERRAE (ry + 10)/2 By Z 08, WGy + ro)2 B v B SO — N EERIWT IO RE, 4R2E BRI AR . #R 4,
WA AR LR ST i fUHEAT U . SRS s AR SRR AR ZE AN T TRRAE, T2
AR B AR WA AT RR R 22 K T T TRRAE, WSRO 4 ar B 1o
BRE, AT 7y B r, PSR AR EE L IR I

s MEBRR=r, EAR =7, X R =1y
ST ARk R A, T EEMRE,
= FrRZE/NT IR, BhBIPIR 4, #RZERTIIRME, BkEPPIR 5,
V9sP: # R—R,<2, fith R, BIELH; BN, R.=R, R=(R,+R)2, BREILIR 2;

HAb: AR -R<2, #itH R+1, HESH: BN, R=R, R=(R,+R)2; BB b,

WRAE o AR AR — IR LU AT 58 BE 5Kk & 0 AR A A IS, S — N R R B 2 FE 2K
EAVNERN ] 5K E A SRR, A TR EHEME R . Tk R, AR B A
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Figure 3. Binary search for optimal rank
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SR AR ST 75 2 5% B S DL 1 3 b BBk, RO R, AT T A RIRZTTIR R ik
KANTEERGYEHE . AT IHME, ROVAEE T 4 MARBSRERER, 508 4, 8, 12 Al 16, W
A2 PR, ARSCHTTESERENS SCIL D Ui R G, JF HARZ TR, AR 73 SR/ INBR ARG, T
AEBCR Bt . 18] 5 R T AR FRZE T IRAE T B9 2 B EEROE EOCICR . ANIAL 4 T DB, BEE IR
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Table 2. Blocks distribution under different threshold by rank
2. PRIRERTHF LSRN K26

4x4x4 8§x8x8 12x12x12 16 x 16 x 16
T.=T,=0.1 528 15 16 5161
T.=1,=0.2 536 463 2233 2488
T.=1,=0.3 746 4440 534 0
T.=1,=0.4 2416 3303 1 0

(b)

()

@) T.=T,=0.1;(b) .= T, = 0.2; (¢) T. = T, = 0.3; (d) .= T, = 0.4

Figure 4. Optimal rank rendering result under different threshold
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AEERISFTA], S 7 AEAS [R] RN IR 4 23 BB AL 2 IEZS /0 A (s i, FRATIERR T, = T, = 0.25 1E ARkl
MRZTIBR, N3 3 os. ERGEFETTH, WEITRA T, = T, = 0.25 KR ARG I K46 R it T4
—HIRk(16, 16, 16)70F, T HLGE—HIFKES, 8, 8)HIRK(4, 4, 4) /M iRFE 2 o AETRAL BRI 18] J5 T, 2211 N 7, =
T,=0.25 B AEROE I LG —Fk(16, 16, 16)7 iR Z A F 20%, hG—Fk(, 8, 8)FIFK(4, 4, )71k % 60% /%
to
[FJEF, ARSCEXTH T B R U — R MR RO 22 57, Wil 5 B ATRAEH, R ZET TR AN T, =
T,=0.25 FIsEERRIE UK B 7 B AR 2 1 BSUR AN I T- 48— FR(16, 16, 16) 77 fif , +£ 2 AE F- L8 il 25 1 FFAIE 1Y)
KL EEBERT G —R(16, 16, 16)73 iR TG —FK(S, 8, 8) MRS —Fk(4, 4, 4)/3 R AL HI1 R U B B
A R
Table 3. Comparison between optimal rank and unified rank
3. RIEREINAGE T REREXTEE
PERES S AR T, = T, =0.25 Fk(16, 16, 16)5-fiF (8, 8, 8)4 ik Fh(4, 4, )51
FEAE R (%) 6.7 17.19 3.9 1.37
TRALHEET (8] (43) 32.7 215 15.2 14.9
(c)
@T.=T,=025, &EK; bO)GE—Fk(6, 16, 16)7R; (OF—FKES, 8, )7 E; ()G%E—T%(4, 4, H g
Figure 5. Comparison between optimal rank and unified rank
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