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Multi—granularity Rasterization and Boolean Operation Parallel
Algorithm for 3D Spatial Entities
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Abstract 3D raster is an ideal model which performs really well at the aspects of detailed representation and spatial interpolation for
internal attributes of spatial entities. However, due to the large scale of raster data, rasterizing efficiency and data compression still
remain the bottlenecks in practical applications. The present situation of rasterization algorithms for 3D vector model was
comprehensively reviewed. In order to improve the time efficiency of 3D vector—raster conversion and save storage space of raster data, a
Parallel Ternary Axes Scan (P-TAS) algorithm, which could run on the new multi-core CPU and high performance computer cluster, was
designed for transforming 3D vector model to raster model with Octree structure by using MPI parallel techniques. Furthermore, the
Boolean operation algorithm for 3D spatial entities represented with multi—granularity raster was designed for the dynamic simulation of
underground excavation process. The experiment results demonstrate that the parallel efficiency of P-TAS is about 50%—60% and the
data compression ratio is about 80%. The high application values of P-TAS and Boolean algorithms proposed are proved up to the hilt.
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Fig. 1 Key algorithms in the process of dynamic
excavation simulation for underground engineering
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(a) 3D vector entity
model along x—axis

(b) xH T E (c) yHA I
(b) Detecting needles (c) Detecting needles

along y-axis

(e) kMBS
(e) 3D block entity model
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(d) Detecting needles along z-axis
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Fig. 2 Principle of TAS algorithm and a division example of
3D strata model
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(1) EHEFR G E WU OC &R I AR A HEFR B0 4 744 . +
R e FR /N SRS R (A (2 B 00 25 1 AR TS A5 BT AR R BB m A5 3
m W BT A A .
m=[logsW] (1)
Horb [ P BB W S 58 AR 5 R4,
(2) FHBEREWETRS8EEESNHER, A
PR WO BRI T R, TS G BT R
R FaAIAS AL FR
A SCRIAR AT SF) BRSO B AR ESE R )2 (1<
h<m) VBN F,, & F, 7E55 h EMHAS A b5 R (B F, B3 7 4
S ST RN N AR A BRI AR AR R D) T I AR AR R (i,
Ey) iy o kim0 B0 1), DU 22T MG ZE 26 n )2 I 06 Bl Al
b 2 (RDEE n 2005 17 5 X6 L A0 BOAS A g P B A A8 A 3R )
(49 BB (6o oj0s o)
(=0, X 2", X 2m 7 e g 20
T X 2"y X 27 e 20 (2)
Wk o=k )20k X2 e 20!
(3) 545 M T8 58 W46 40 A i, 3 0 R I e 45 7 9
W HAIE b e 8 R,



] jcmik

## S 2011,29(35)

T @i (Special Issues)

B TR IR AT R I B2 T /N TR R 97 38 165
AR

(1) S/ iR, F 2R PR A6 AT 55 20 BO i 1) Mk 7 3% 1
P TR B A2 T A B A A S 28 IO SR A6 SR I ek
TR PR S R, Lo A R TR B T R A AL
TR AR TR AR b B A9 L

(2) TP ARG T 5 R 5 0] T A9 CPU RO B it
ST 55 B, BE PR BEAY 2E R B, OF R ] BB U ATAT 55 1)
AW BT AL 55 R s=8"(m ST ST AL TR
BE), NS BRI AT 3 BERR B W BN TR T AL 55
B o gkt AT 55 R R 22 57 BOR 45 BE R TR I () AN 3 1
b R S N B O, IR — RE R R E S AT 2 A TR

ﬁ.ﬁ\mmi REVIEW
24 BT SH R HIAE TR R R R I

BESLA 1A BAR A5 TR 6 107 T N SR T, S 1A 2 A A A5
TSR T N SURE Ty, WIS 1 FISEfR 2 i Ai R s 5] i LR
RS

(D) XF 7 ERE B PP eT), FIBAMRT &
0, % P, (%42 O,P,, W& 5(a) L LB TR,

(2) 16 0P, B IERE T I8 R T, &5 8, B RRE
INF 0P HAAH AT S P(Pye To) , WHE Py 3R — 255 4,
WME5(b)FA; HRERE/NTHT 0P BB AL P,
(Pye Ty) , MINE Py M58 2K 450 N 5 (e) i s 5 75 ), 25 34
RIEEHT 0P, MBI LT S P(Pel),id PoRSE =
A5, S(d) s

Wi, Ay B il R, &

O, TR O, TR — B

T, ERRAT 5P,

(a) T EWEBET R
(a) Black nodes in
Octree T,

(b) T, ERIE 1 £F =
(b) The first kind of
nodes in Octree T,

® ek © ERKIE @ fEAiERE

; -
Lo ——
T, LMy AP, ox i1 5]?
T, BR3P« - =N
O O O

(c) EME2EKT R
(c) The second kind of
nodes in Octree T,

(d) . EME3IXTR
(d) The third kind of
nodes in Octree T,

E5 NXHMEBRERN=ZLTR
Fig. 5 Three kinds of Octree searched nodes

(3) XHERBN WY AT 22 I AT RIB B 0P K
T, 1 0P XTI B AR, DATR 45 th B XER TR SR s g 22 58
1B e Ny 7

OF- B 5P

2RI H a, % Q=Py;b, QWM 8 BT AL Qi(i=
0,1,,7)5¢,% Q=040 HITH Qr—0Q; T AL T 0P BN
Wad, EEL K b,e HERK 0.0 5 0P EE ;6,4 Q0 M
Ja MV B L

ZHEIBHE ACHETT R P

IR E AR, R T SR

@ H2A,T A

FRIBH AR MBS, R T, SR

I I TEAS AR AN D AT A 5 A

B a, % Q=P F AL 0,0 5 0P FHEE WEEH] e,
AL FE bib, S Q B8 AE TR Q,(i=0,1, - 7) ¢,
2 0=0,,0, I Q—Q; T i T OP BN A5 ;d, HE L
BWh,c HEMR 0,05 0P ES e, 8% Q MBI E BN
5

N o

@ #5 3 F A

2RI N P WY JR PR BCE O W A Py AT AE T AN
S U2 A R

SCARIB T AL LA Py AR R T AR A T A TR R

BRI A Py WY R R B E O R A A Py AT AE T N
S U2 A R

(4) EEPATHI 3 L HEBWDI5E T LA R 5,

ZEAR TR BB IG 1) Ty LT A7 3 By B oK 22 4R 5
I SR IR g R T A G B O PR S 4k

3 FHTHREMAXZH SRS

PLE BRI e /N DXl T 45 4235 1 42 TR 0 B oA ], 2T b
T E R LA R T X = e A 028 (GTP ) FE 5T T %/
DX 2 =4 O B SR B (] 6 (a)), A A0 5 747
AN REE 1550 D=,

TR R S R Z L2 AR 3R BT (Y 5 %:2;CPU .
2.00GHz; W A7 :2GB) , & M £ M IJFAT B (3271 % 1T
WA XAZ ), AR SCHE A P=TAS 47 220 B8 Mt 4% 350 4 A A

21 I



] jcmik

E /L X (Special Issues)

B S 2011,29(35)

SCIEACE & TECHNOLOGY REVIER

(a) ZHXEHE
(a) 3D vector model

(b) BHE= 4 Mg iR
(b) 3D single—granularity raster model

(c) BHLE= et rg4s B
(c) 3D multi-granularity raster model

(d) ERFIZEER
(d) Integrated excavation model
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Fig. 6 Excavation modeling of underground engineering

RIS AT T I (6] 20030 R0 5000 T 0 20 S 3 s A
MR RY | 22 b 3 A R R B T 25 A5 1) T AR AR SR aniEl 6
(b) .6(c) 6(d) .,
3.1 BEMESH

A H T AT A R B 0 S B BR hy i b R IR AT AR
EXWT

(1) Ik b, A —A4T 45 76 50 4h B 2% 28 G0 F0 Jf 17 4k BE 2% 2R
Girh g A7 BT AR R A EE R

S(q)-T(‘ ) (3)

oo 7, g AR E B R G AT g A BEANKE T () N
FEAT AL FRES R G AT I R]
(2) TR T e B B3 8 I e T O
AN ST AR
Ep<q>=%ﬂ (4)

K IR TEN 8 bR, X P-TAS 47835 5 R 5T A H
FPRR AT X E MR G S st T R R £ 2 036 1 R 7,
P 03 285 2L 0] 1, P=TAS B35 7T SEBAZ A% 2 o0 i R
SE 4y, ELAE I 05 =88R B ik Lok 2] 1.6, I 17 80%

F* 1 P-TAS B iE R iE 20 i
Table 1 Time efficiency test of P-TAS algorithm

1600 TSR]
1400}
1200F
% 1000k FEAT S ]
"g soo} "
= 600}

/

100 200 300 400 500 600 700 800
ik T E R /100
7 BRAT HHATHE R A R bR £
Fig. 7 Efficiency comparison between S—P algorithms

K 55% ., AP, 32T AR ST 55 00 43 e 5 800 I, A
TR TR B A i M R BT R, IR AT
RCRANA RS TE 25 ]
3.2 HIEESRZRMK

A [) 19 BT 40 RS, Sk AN [ ARG Sz T s
22 R i ARSI 1 B e A7 At 2 B 2R A 03K L e, IR g e A or A
B Eg R 42 W% 2 fE 8.

R 2 MM R B E 4R 2R i
Table2 Compression ratio test of multi-granularity raster model

400+
200F

0

WS RLE R SRR 2R R F

A% iz o PATHE  IRATEE mE RAT /(mxmxm ) % 2% i H/KB 7% =/KB
/(mxmxm) If]/s IR & 2.0x2.0x2.0 47487 1716 260  84.85%
2.0x2.0x2.0 95676 3760 2280 1.65 0.550 1.0x1.0x1.0 371192 13413 1893 85.89%
0.5%0.5x0.5 5903370 58.984 35195 1.67 0.557 0.5%0.5x0.5 2982746 107775 6108  94.34%
0.2x0.2x02 90890756  377.944 223.643 169 0.563 04x0.4x0.4 5824722 210464 9969 95.26%
0.1x0.1x0.1 726691164  1588.137 949.236 1.64 0.547 0.3x0.3x0.3  129x10% 499043 17572 96.48%
Il 22
4@7



] jcmik

## S 2011,29(35)

T @i (Special Issues)

250
Uk E
200
aa]
=z .
& 150f
b3
Lot
®
#
S50
0 1 2 3 4 5 6
P FE AR 100

E 8 ZhEMEEMHIEERE
Fig. 8 Data compression ratio of multi-granularity model
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