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(light detection and ranging, LiDAR) . & R fL{&
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FEF BT A 6 B R AT R X 4
4% CSRBF 5 3 #5145 & RASM Jr ik ffi {3
60 (4SS TR 2 M A I 2 A Ry Jy 8 0T fige L i T 2 Ak PR
AT SR R S BT AT AL B AR
1R T B SR AR AR T HL R K BRAIR T4 MoK A
B TS HL % 2 P A7 1 0 85K L v T 7 ik i ml
(RRE
1.5 EZEHH

T 2R KK o BR SRV L R L R T RASM 11
[\] R SR P TG 52 4 B IR S 36 DX 1 5 e Y
SRR N A BB RN ON) . A3
FVEEIEA B S R 0 B R B /E i RBF i
TEASE TR0 17 5 R B, EL AT A B A J) 5 T i 1R e
B PR 0 SR A o B 5 SR R AR L RBF 46 {5
TR B B ) 2o A — B AN S IR I R A
PR I o AR SCAREVR B B[R] B2 2% BE o OCND

2 CSRBF H{ITLEH T 5iTie

ASEH C+ +gfiEF . M BETY
Rl 8 T B {4 (portable extensible toolkit
for scientific computation, PETSc) 4 #2 52 31 4 S
T UL A K% 64 B .3.1 G F5i.4 G WA
PITTEEALA SE I & 5 B0 0IE 32 J7 2% 19 3K A RS B2 Fn
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2.1 DEM b ##7
Sk 1 2 [ 56 2 1% DK 2 BT AN S S i S i H

(Advanced Spaceborne Thermal Emission and
Reflection Radiometer, ASTER) K % Chttp://
asterweb. jpl. nasa. gov/gdem. asp) £t iy DEM
(30 m>30 m) » 3 O [ P g 5 b DX 0 g e A
4 (DEM)DEM %45 M H il AL 16 B [l 0y 100 X
100 km® iy X 3k (U &1 2) #E4T 9258 . XA SO 1%
1R K5 B R0 R AT 52 56 0 A B S 5 BT
DEM % & & X8 1 1 .

Xof S DX A B AL R A 250 000 A B R AT
S5 >R ) Wendland C2 S5t 3 B 2 ok H500F 52 49
DX A7 97 B SR Aife K 52 35 XN Bir A DEM
W AE VR R 22 B0 A . AR A SCOT 45 3 1Y 48
(BRI 0 158 22 96 E s R AT 4 (8, T SR 25 R
R bE RUAL 52 B i (R 2 (8] /Y 2 05 MR 2% (root
mean square errors RMS error) , #1585 K .

ERMS :Jﬁztl H (}I*fx) H Z’i =1,2,+ M
(10)

ep M O I TE SRR s £ R A | AN IR AE S
WIS s £, H o 0 AU S SRR . gk
SR A 1 SR A e BE o AR S 7 9 1 T X IR /)
RN 3050, F I /R 45 92 56 X 05 19 %5
BT, TR K QL R4 5 U
CSRBF J 5 ¥ 1 5 3 900 72 I B i 7
6 MPT 37 4k B0 3 58 (0 BTk B B2 3 W A% 500 3
SR P B 0050 o 0 0 3k M R ¢ 43 1 3 £
S RS

] ir" 2.00 E_ 2.75 2.00 %‘ 2.75
180 in 1.80 =
=27 = 273
160 =E 1.60 =
1.40 271 1.40 2.71
0 580 600 620  MiFkm 540 560 580 600 620  Gifkm
77 10 #1102 km VG T ) #E E5/10% km
(a) (b)
| | [ e =, [P SR
|l | I Z i B (|
Lol oAl (4 2 | I mr— P
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ol ¥ /] ¥ ] " y o 23
L] Teens | ‘ (I g I SRS
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2 S DXk 5 4 (e 45 R

Fig. 2 Experiment Area and Interpolation Result
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N TR AR SR SRR AR 5 IR AT S5 A
IrHT LIGFAT AL B IE mp =4, DX I E] B R
0.9 70 5l R FH AN [ B9 358 SCH% AP AR FAS SO ER 1 5

SCHE AR AT S0 THIRAN TR 3R SCHE R AR AR 3
J7 19 CSRBF i {1 154 7 1) SR fift 88 B2 A iR 22 1
DLARINE 1 =" LRI A A A . k1
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AR 22 AN TR B SR AR 3 . 7 X
S R SRR ) B 8 o SR R T DX SR A AR
AR TR 0 R A AR SRR g T 1500 36 45 L 205 0% 119 i
2= BB B ST AR IR I s N R R SR SR
BN B S AR o A A (E A SR A AR
RS /N Y B SRR AR A R 2 1) Y g A

AERRAN SR, 2 T B AR 45 RN BE AR ORI 3%
SEAE A A AR (EUAE Y 10 SR AR A 18 B = T B 1
BERUAN AR B 45 18 1Y 35 SO AR BRRE A 3
AL PR A TG B2 ST 1 oo 4 (DA 2R ) SR AR A0
AR SR SRR AR SRR 7 YRS B 4 47 (EL &% RO JEE A
18 SRR AR B

x1 ARAEXEFENBENERMBENI I
Tab.1 The Relationship Between Compact Support Radius and the Computation Efficiency, RMS error

rie/m 280 560 840 1400 1 680 1 960 ARICTT
fs [|] /s 2.363 0 3.492 4 4.573 8 5.2110 8.032 8 23.886 1 — 4.630 6
erMs/m 482. 640 2 31.357 3 17.115 1 18.953 0 22.984 0 28.755 7 - 17.325 1

2.3 RESBEN

L Pz N d{
V5 T K 0 ] B T K g = ——
max(d,,dy)

AR 3R DX P R e BT S R AR R
S — B df=max(rl) . r € Qb i N T IX
I QF RS A R BN N SRR . X
SRS EE R S F K RN Dy, dy) T IX
3 ) T B X B (b d ) DL e X SR P Y
n' o N TR T HEAT IR AT IS L IR T XA R
JINAR TR RV 2 X o S8 2 AR I] . R Y B o
22 B Y A Gk 2.

R2 AEAMXBEEXERNFBENENZ M
Tab. 2 Relationship Between Overlap Ratio and

k
.d

the Computation Efficiency

a= 0.2 0.4 0.6 0.8 1 1.2

] /s 3.837 9 3.6155 3.6810 4.0805 4.6700 5.573 2

i 2 AT UL 2 7 X o B AR/ 1 X
7] B 2 AR A/ N S BT DX ) i B e XA A A

T 5 2 {1 45 4 0 A5 780 R A b 4 Jmy 32 R Tk B 3
T 37 1A TR0 SR gt R AR X 5 4 L BE F IX 8k =
B RN BN T DRI ) 1 R 25 A A (A A
SR ) B) AR B GRS N E SR S 5 R E6 X I8
(BLASE TR SR A 19 2 00 a5 503 385 00 A 15K ik B[] 3
L SBOFT I BORRRR . B TR I
T B RCR T X E S RN 0.5,
2.4 FITERTHE

WA PETSc 473153 o 50 R L 43 1) 2 B
MPI H-A7 4 #E TR np 9 1.2.4.6.8,16,
20,2428 ST B AT ] iR 22 ANk 3.
1% 3 AT UL T AL AL FE 25 FE N R R E [ L B
F MPI AT 15 500 B3 0 4R 307 15 1 38 B30 R
REAR L, i — 5 B9 MPI 34733 o S
iR R E . IHMTIB BN E 5N
N B A HEEOCR B —E B B3m
MPT 47 1155 5050 i B0 BB 08 10F — 20 PR 4di (B
R TR (%) SR A 1R L R UL, AR SCE B MIPT 347 3 53
BT R 10,

®3 ARBEHTHERTWHELERNZMN
Tab. 3 Relationship Between the Number of MPI Process and the Computation Efficiency

np 1 2 4 6 8 16 20 24 28
W) /s 26,7210 11.4035  7.1814  5.8632  5.6723  5.4562 54810 54215  5.509 3
2.5 HftbFEIEE FARTIHEEAD .

433 % H — %t CSRBF J5 3. A & I 4 )2
CSRBF J7 1k AR SCT7 7 68 52 55 DX 3 0 47 4 i 455 75
SR fi# . RBF 5L s 045 — % B Wendland C2 Y69
F14) 5 RS0, 6T B JL R 5 1 A A0 3R R A A B
PEAT S0 o DA ST X 3800 BIF 58 6 4 43 ) e B
S [ B 1 R R AT A (A B ) SR A L e
SRAR LR 7 FR G ik ¥ FGMRES % X 7 .
Xof 470 (R TR 1) SR A B Tl A7 e ik 45 R AR (=7

M1 4.3 5 7T 0L, B © 0 s Bl 1o 3
RAEs 1482 5% Fi CSRBF J7 i i 47 475 {1 4 781 g1 3R
fift . [ 38 M43 )2 CSRBF J7 ¥ B % X R it % 4 52
58 DX 3 A 7 47 (RS TR SR A AR DT B AR AR L T A
SCT i BE A bl T R A i SRR B A7 A
EARS AR SR M . 55— 7 1T CSRBF J5 ik 5 A 3y
PARAT Y 15 (E B RORS E — 30, B & B 43 2 CSRBF
7 5 T B DX S A AT IR 5
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THRESCR IR . A SO AT AR A
K BET7 TP RERLAR .
2.6 AXFAEBEER

FeFAILTT - B 500 000 >R A o Bt
17 CSRBF i {E A B AR A% . 1 000 X1 000 4> AL

6 W SR AT A S50 X DEM #E 47 45 {8, X 38
TN 0.5, KN fe /NG 8 30~50, FHATIHH Y
Honp 10, EESRME 2(b) . WE T LUE
2R 500 000 A~ R A mi AR D 2 bR RO R HEAT
AT B 19 45 2R 55 IR 52 56 DX R A — B

4 TEEESEEEUE /s

Tab. 4 Computation Efficiency Comparison Between Different Kinds of CSRBF Interpolation Methods/s
N 1 000 10 000 50 000 100 000 200 000 300 000 500 000
— % CSRBF 165.062 7 — — — — — —
A& . 45 )2 CSRBF 23.663 6 24.979 5 57.568 5 190. 464 4 841.548 7 2 205.531 3 -
VN 'R 0.290 9 0.382 1 1.333 5 2.183 7 3.817 4 5.830 6 9.268 7
x5 AEBEFETERENE/m
Tab.5 RMS Error Comparison Between Different Kinds of CSRBF Interpolation Methods/m
N 1 000 10 000 50 000 100 000 200 000 300 000 500 000
— % CSRBF 107. 766 0 — — — — — —
H 1& W 43 )2 CSRBF 133.244 0 106. 554 0 97.856 1 101.636 7 94.724 0 97.112 4 —
VN 108. 692 0 107.222 4 25.8755 21.982 3 18.011 3 24.941 1 23.212 2
AT S B EOBR M. dbat . BheF AL, 2006, 363-
A
3 4% i3 2

b TV B0 2 b 2 2 T 0 S Bl B D L v
b2 o b B0 X b 2 o B B R L. AR
HRAJE DX 380 fife S B L 45 G CSRBE 7 {45 2 Kk 2
B B S PR R X 3820 R A RASM. fi bl 1
CSRBF J7 2 T i HL £ 6 KA 54 308 17 1 425K
fiff 1) 0] A0 AR 435 b TS SR AF 5 DR o A b R LA
(ECRERY JF 647 1l W i ) AR 40 sy 38 b T B4
F 38 N 2k B CSRBF 3 pR 45011 fc £ 5 2 # 42
X DEM 46 #4752 50, A5 T 42 06 19 52 56 45
FUIA ST VL AT AT o AR S — B KB4 5 147 b
T 4 (87 15

2 % x W
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An Adaptive Parallel CSRBF Terrain Interpolation Method Based on RASM
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Abstract: Fast and accurate 3D terrain reconstruction to acquire a high resolution Digital Elevation
Model (DEM) is one of the most important research areas in geographic information representation.
As a kind of spatial interpolation method that is superior to other accurate interpolation methods, the
Radial Basis Function (RBF) is particularly suitable for the reconstruction of complex 3D terrain mod-
els. However, the efficiency when calculating this interpolation model becomes lower and lower with
an increasing number of sampling points, and the interpolation equation becomes too difficult or even
fails as the interpolation matrix become bigger and bigger. To address this issue, a parallel interpola-
tion method based on the principle of domain decomposition and restricted additive schwarz method
(referred to as RASM) is proposed. A compact support RBF (CSRBF) based global interpolation ma-
trix was built by taking all of the known sampling points, and the optimal local compact support radi-
us is calculated for each of the local domains. The interpolation procedure operates in parallel through
a message passing interface (MPI) based on the RASM. DEM data are used in an interpolation experi-
ment. The results show that the method proposed in this paper could accurately reconstruct the ter-
rain with massive terrain sampling data enabling a high efficiency solution.
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