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Research on Acceleration Algorithm of Terrain Visualization Based on GPU

LI Chao-kui", FANG Jun"", XIAO Ke-yan”, WANG Ning", ZHOU Qing-lan", WEI Han-tao”

1) National-Local Joint Engineering Laboratory of Geo-Spatial Information Technology,
Hunan University of Science and Technology, Xiangtan, Hunan 411201;
2) MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources,
Chinese Academy of Geological Sciences, Beijing 100037

Abstract: Terrain visualization is a three-dimensional terrain simulation display using DEM, computer graphics
and image processing technology. This technology is widely used in many fields, such as deep mineral prediction,
mineral resource evaluation, virtual reality, entertainment games, flight simulation and so on. With the increase of
data volume, the real-time and smooth visual effect of 3D terrain visualization is limited by the current level of
computer hardware technology. In order to solve this problem, ROAM algorithm is used in terrain modeling, GPU
high-speed parallel operation performance is used to accelerate the speed of terrain visualization modeling and
the effect of model display. The experimental results show that: when the amount of calculation is small, the
acceleration effect is not significant; with the increase of the amount of calculation, the calculation effect is more
and more obvious; when the amount of calculation reaches a certain value, the acceleration effect reaches a stable
acceleration trend. The research results provide original visualization technology support for similar work such as
terrain visualization and mineral Resources evaluation.

Key words: terrain modeling; ROAM algorithm; GPU

1999 4, NVIDIA 22w 57 ¥4 GPU(Graphics BB GPU AU AR vE 2L R IR, ASREdE
Process Unit, EJEACHEZ MR, AL, GPU & Thﬁj/ﬁ\ﬁ{jﬁ“ﬁﬁfﬁi RRFE FRRE T GPU )
b AR AR B A0 BT 24 v (Asirvatham and Hoppe, o (HRZBEE I HEA, GPU & il i it
2005). GPU Zi3EHLE R — M0k, ik %Lfﬂ%ﬁ 58 G AL B i K 3115 . GPU A

ASCH R A RBE A (RS 41571374)F1E K & A& R (%5 2018YFB0504501; 2017YFB0503802) Bk 4 ¥ B .

W H 9 2019-11-30; #iclal H 3: 2020-01-16; MWZEHE & H H: 2020-02-06, f&ﬁ?ﬁﬁ 9&3&9&

HE—VEERIN 02, 13,1967 AE, [, 2, BA R0, 2R = 4R B Ie T 5N HBORAFSY . E-mail: chkl_hn@163.com.
SEIMEE: HE, B,1985 44, W5, E%U\%ﬂzlﬂ{nE&M@ﬁ&&r‘ﬁﬁﬁ#jao E-mail: 280518056@qq.com.



304 o OER

EE -t —%

XL CPU A Z i B Ie, i H A &7
P e o B AT CPU A B B A3, DRt
BA &R EE J1(Brown and Severin, 2009)., B
A REE B IR, AT ALY B SRR T )
BORBWEE =, GPU By FH SR ok vz (U,
2003).

B T RRALTE SR AT 7= B0 . 7 IR TE M
Mrzs L RATBL . R RIS DA K 58 AR T 4 T
FHE] 2N RGIRITE, 2014), 8 T EPLE
AP AT Z= A R TR R B R S B ) SR, 3l R R
F1 LOD(Level of Detail)f %! (Hoppe, 1997), LOD #t
TR 5 40 A5, S5 A 7R 2 ) %) BB 8 R /N e RS TR B Y
BRI EA T 3RR, B0 b, B Lo R B
P T, ERGEORS 41 (Li et al., 2016), FEARZH
LOD # i+, ROAM(Real-time Optimally Adapting
Meshes) 512 K & 5.5 18, BRI R, g
% S BLTE 3% S 14 DX DAY T 3 05 s R AR, 18
REAEHET T 2 A5 MU 1 52 65 B0, 76 b TR ] 1R Ak 4 35
%3] {Z 5 ¥E (Duchaineau et al., 1997), %:F GPU
) b T R AU s S5V A0 5 48 SR Ry I T Ak B TR
BRAT PRI L i A S A S R AR SR R
AT E AR S He, A MY S E M E

1 ROAM &3

1.1 ROAM E([FIE

WE 1 FR, ROAM S22 — SURFRI 43 7
X = MBI, WNTRIBHRIEE, MR
F AR B, BEA T AR RS A H, SRR, M
SR RE RIS, SEFTRDRLEE 43 H), UK (Zhang
et al., 2013),
1.2 HEE0Em

4 1B 17 R 53 BT 2 = A8 34T H B B4
B, VB YIS RS B — 2 = B A . R

level=1

level=2

level=3

5 7

1 ROAM R1&H 53 [R3E
Fig.1 ROAM mesh division principle

TAHRE = A T8 X0 43 14 J2 UK G5 AN [R) i 3 B0 ()R
B, 2015). il 2 FioR, 76 AD S F00H BT AR
HIIE B[R] S 20 5, AD A5 Fld A AEC FiI
ACED # K, AD 1/ Tt —"1K=/MJE AABD
A, AD 1R BT AT W He # 1/2(Ho+Hp),
RIS E WA 755 AD i1 &, W AD i1 #ifl] A ABD #il
AACE.ACEDfE AD b etk E G, fEEY ), A
;e 5% A AED,
1.3 HEEHER

KSR 3 FE IR T AR R . IRl 3a, XS
1 5 =ML, B2 1 5 = Mg rnH
J&, 25 =M EZ K 15 = AIEa 8 a2
WA, AAle i RgE Mm%, iy 2 S =MIE
PEAT Ay H, FXE 1 S MBI Ty E TR, X
25 =M ER, 2 SATEM 35 MBI AT
BT T G I = < 7571 i Wi o NS W B B |
&, BESFIN =ML SHE =M R0E 2R 2E
At 1, EAEERNE 3d k.

2 LBRHERMT

2.1 GPU HiEHE

GPU S8R IFA 71568 g sy o B8 5 T A e
T CPU X KA AR AR Ry [l i, (R4
1) GPU TR gt F & A DL T i BB g AR R

A C

2 BEN~E
Fig. 2 Crack Generation

1| 2 1| 2
4 4
3 3 T
5 5
a b
2 2
1 &H
4 4
3
c d

3 &S E

Fig.3 Forced segmentation



Ci

B2 5T GPU IR AT MLAK i s S ek AT 52 305

B3, T H A AR Z R TC R T AR Y, Xl
PR R BR ] T GPU 1) & J& (R 3k 5k, 2006) .
B XA, NVIDIA 236 F 2007 4 6 A4 —
THE R A W(Compute Unified Device Architecture,
CUDA)(FE 4%, 2009). CUDA Ay#fEH R Ky
GPU 4 #4efit ViR Jr . CUDA J&—Fh AT
GPU AT IR AR A, 2R CIBH
T omFEIF & o CUDA SR A TORIR B FEAE A% 201X,
D5 fEECHE AR AN, oy 25 AR 22 (R A 73l
PRAL T RE . FFRHFEWAT LA C i F M
CUDA ZE#%F GPU AT 71 K, Nl EERE
52 B BT 22 HUR R 22 2] 8 3 B HLIE
CUDA my#fEH N GPU TE&AT8 I By B8 1
R G () Al

CUDA #2445 Xoh: ¥ CPU Smfi £, th
FRM host ¥, GPU ¥ FR A & Ui, 1048 device i
(E&%, 2009), HAT, CUDA F F ) & R A &
CPU+GPU X (44145, 2010), ILA= A 4 fr
N, B RO L R, AU GPU 13F47
NN EW R i R e B o] o S W L o B e
T R AT Ay, B AT IR 4 A8
A A T A B

e & v E T PATIIRE P FR R kernel pE%R,
AP A PR R, TR S iR, FHERFE A% (Grid) I TE

L P S A O
ﬁ%ﬁﬁ%‘f%%
% 4% Jifi(GPU)
% BT T SR B
<+
B

B4 CUDA #RiZt&EE!
Fig. 4 CUDA Programming Model

Block(0,0)

Block(0,1)

KK KB kernel BREL, B> Grid 7] LI 24
He(block), 1~ block ffEZ 1 4ifi(thread), HilL
BRI LRFE AT IHA T . WA grid Th4rh
% /b block, 1~ block X1 Z£ /> thread, iXLLH
& TR B A SR AR B BB o I HL 4 AR block,
AN thread, 185 PR RA B, & H B
ALk e . B b, Bl R R
O, o HILBREE L, FH17i8 BRI,
By TR A B BRI K 2=, block A AR A BERE 1L
65 535 1>, TE5E—1 block PR E LN ECARE
it 512 4~, Thread /& GPU 47 E/NRANL, TE
CUDA WHEF, AT HPFIER, —F2H
RLREIEATHER, o — AR AR SR AT T E . MDRLEE
FHATIHH R R IR R S Z R B IR0, dRi B IR AT
TR ENIAN ZR BN IITHHE . RS UT
AR, SR E SR N R AR B VR E L, R T
—4Ef block, ZkFE threadID 2 threadIdx.x, %fT
— 4 Block(T,, T,), £ # iy ThreadlD K
(Threadldx.x + Threadldx.y x T,), X F = 4
Block(T,, T,, T.)4&FEH ThreadID 4 (Threadldx.x +
Threadldx.y x T, + Threadldx.z x T, x T,),
22 EXBWEERSW

SCIG () RE AR S5 4 GB AT, Inter Core
i5-3210M LbFESE, NVIDIA GeForce GT 620M .,
Windows7 #:4E &5t . #FH Visual C++ 6.0 174w 5,
fifi il OPENGL #E4 118 % .
221 HEBELK

SEEHAER A 212" B RN SRR A s
5, M4 ROAM FiLJF B, XF A B HE 2445 1)

Block(1,0) Block(2,0)
Block(1,1) Block(2,1)

Es5 HiT

HEEX

Fig. 5 Parallel computing mode



306 o Bk 2 iR EA+—5

ROAM 57 ik Jo fifi T 5 < 23 1 5% 3% 4 BR Mo B L AR H AT DL B RS HE AT 48 T B Y

MW RIS, B 6 AR ROAM Hik, 1HYJSE ML RIS AR HIAR, B

S HEEH BRI ML BRI G (K 6a)FIAI SRS 152 =T REE; 2l Sl 2 B S0 Tk E A 7 22 i A A

S EI BRI AR S (B 6b) AT YR AT A ORI, B AR 7 A, SRR
HEF

ré—]o

Elo REEEAGEITLE

Fig. 6 Contrast diagram of fracture repair
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Table 1 Acceleration ratio of different level model
=R CPU OK #ER} GPU OK #Efs} I
/ms /ms
2 088.00 484.27 20.05 24.15
4376.00 1076.83 33.64 32.01
5488.00 1341.76 36.16 37.11
9712.00 2 309.66 58.13 39.73
21 840.00 5335.40 113.44 47.03
36 079.00 8 790.80 163.17 53.87
72 150.00 17 441.69 318.63 55.61
144 406.00 33619.29 579.38 58.02
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Fig. 9 Discounted graph of acceleration ratio
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