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Abstract

In this paper, we propose MPI gridding algorithm of LiDAR data that minimizes the
communication between the cores. The LiDAR data collected from aircraft is a 3D spatial

information which is used in various applications. Since there are many cases where the LiDAR
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data has too high resolution than actually required or non-surface information is included in the

data, filtering the raw LiDAR data is required. In order to use the filtered data, the interpolation

using the data structure to search adjacent locations is conducted to reconstruct the data. Since

the processing time of LiDAR data is directly proportional to the size of it, there have been many

studies on the high performance parallel processing system using MPI.

However, previously

proposed methods in parallel approach possess possible performance degradations such as

imbalanced data size among cores or communication overhead for resolving boundary condition

inconsistency. We conduct empirical experiments to verify the effectiveness of our proposed

algorithm. The results show that the total execution time of the proposed method decreased up to

4.2 times than that of the conventional method on heterogeneous clusters.
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Algorithm 1. bucketing method
1 Function Bucketing(row_ gridsize, col_ gridsize)
2 SET grid_radius to user’s defined value
3 IF the quotient of rank divided by four is zero or
three THEN
4 ADD grid radius to row_gridsize
5 ELSE
6  ADD double grid radius to row_gridsize
7
8

END IF

9 IF the remainder of rank divided by four is zero
or three THEN

10  ADD grid radius to col gridsize

11 ELSE

12 ADD double grid radius to col_gridsize

13 END IF

14

15 MAKE Grid array which size is row_gridsize *
col_gridsize

16

17 FOR all of LiDAR point are mapped GridPoint
18  Found point of matching GridPoint

19 ENDFOR

20

21 FOR all grid of Grid_array are searched

22 FOR found around GridPoint by grid_radius

23 Calculate grid point using Point set GridPoint
24 ENDFOR
25 ENDFOR
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% 1. PC Cluster &% &4
Table 1. Experimental environment

Node 1 Node 2 Node 3
xeon X3430 xeon EB606 xeon
cPU E3-1220
2.40GHz 2.13GHz 3.1GHz
quad-core 2x quad_core quad-core
RAM 8GB 8GB 8GB
0S Centos 6.4 Centos 6.4 Centos 6.4
Network 1 Gbps Ethernet & Switch Hub
MPI
Library MPICH 3.1
H 2. LiDAR GojH 290 Aize| HE
Table 2. Scanned LiDAR data information
Data 1 Data 2
- Optech ALTM
O&] AIA
o[ MiA Optech Gemini 3100 EA
Cedar River Arrovo Seco
i Watershed, Calfornia, USA
Washington, USA '
HRIE 5= 1,186,845 4,517,569
Hlole =7] 35MB 133MB

40160003

4008900
4000800
4000700 |8

4000600 |~

4009300
4006200
4008190

4000000 4 § E 3
636000 636100 636200 636300 636400 636500 636600 636700 63600 636900 63BOOO

O% 5. ZE2 FEE 7ZEl Data29| o[o|x|
Fig. 5. Image of filtered Data2

2. 45 "ot
7122] LiDAR Hlo|E] HE H1t Hg)d] #et ge d7se
tlolEle] A F772EE As) MPIEAS ARSIt} siAet

r

19

1915 5410] 143} Hlole] 1ol e WA 2k

YESS BEAS Qorlt A9lo] B 4 glomw ¥ g
oAl 54 1 B BARE 25 Slal Hade) FAe

ARESRE duelEE A9kl o™ Soo Hee Han (5)9Fe] Bl
= 53 Xﬂo FbHel oial H7EAketaAt g

120

C—1 Proposed (minimized message passing)
C (message passing)

100 -

execution time of bucketing (sec)

20

_mm

Data2-3 Datal-5 Data2-
O8 6. 71&9| oAX| THAS AKSSt AIETE MMAR I Mkt
Z|A5to| AR THAIS AKSSH XIZ2TE MAARH|W
Fig. 6. Comparison of data structure creation time
between conventional and proposed methods

0 e

Datal-3

&

I8 62 MPI B41& dukdoz A1838lS w(7]&) 9}
Fagtoz *P%f;‘i-% o) (2 =29 M)ﬂl X}E%LZ A



8 Journal of The Korea Society of Computer and Information September 2014

dlolge] 277t ARFE A% dolE %] BerE
RBgAZE Atol s SRt
o] FofollA APAIREE MPIEES AMHE-81A] 29k
= we} 2 Aole AT HAE B3l WAAE ASshe
HellA £ ool FFE diolHo MR Qg HEAY

w2l AAHQ el AstEet. Wk, F4le AH-St

—l \__

;q o _C,L ]_“:_ a3 /dwloﬂ}q :fo1 p=CR H]/‘ 3k /%Mé/\]zl—-%
ol ol wARle] AARIe] HlolE Ao Hlzal]
wol] A1 A3 koM BAle AT 20

AlZEE DEAIA7] “Hﬂ‘olﬂr A o] )5S AES)
o WARS $4T Zfole Hage] AlE o] &dk= &
A okup 1:3: A o s IAE F i
o A E YD AsTF2E WA A 5
3ot 7] 5—4 FE BAgth Ao Al89 LiDAR tlo]
HE B3 BEHo] 9u FH2HE 47 g2 A%S
7RE =EEE FAE] 7] Wil 7 Z2A A0 ddE
A7 A alof gt
¥ 3(a)st & 3(b)E Datal-3% o]&slo] 7 Z2AA
A LT Az 715 AHYS W) 9 AR TE 4
1z

F

A AN ARSES W(Aeh]) APAlzte] TFEAAE U
Bl Ao o714 Datal-3€ Datald] B 9ls) €A

WS 3e' e AL gt

H 3. Datale| =8 AsiAR}F FFEHAL
Table 3. standard deviation of execution time by node
(a) Data 1-39| ZZHA|

node 1 node 2 node 3
various size
(Rlokatl) 0.388 0.805 0.337
homogeneous size
(=) 12.18 8.51 2.03
(b) Data 1-52| EZ=HA}
node 1 node 2 node 3
various size
(RlokatAl) 21.72 14.47 21.17
homogeneous size
(=) 340.90 197.45 50.73
Qo] T 7+ Fo7} AR T A 2712 71 wo) &
Ag A} A72 714 wle] 7} Zo] W A3 Alzke] BFd
A2 HoErh RE wro] £Y3 AR 37] 2 AMES o

Co]= AR Algst
LiDAR ®lel87} #4402 Bx5e] 9lA 97] wgolch.
Y e YES 7R HolES FAF ]E B

785, B4 3old HolE7t #EE £ vk 54 o9
dlo|E7F AW Ada|gto] Aol 1 o]= FTiH R b
olel7} & fIA|g ARE AHEldke o019 7lvele Alkte]
BolRg on|aly] Wil 4T el Slo] gAlRe] A
o} agla B AR e g deeR FAE Sl
EAMgglong 7 ol 30 4 E cpu it &

slo] Azle] 271 24l

SEE et

H 4. BAEHRDL 3 mio| FoH ASARE FEEHAL
Table 4. Standard deviation of execution time by core
which search range is 3

Datal1-3 Data2-3

various size
(RllokatA) 2% 2%
homogzw;g;;s size 10.98 289.85

I 4% 7} wuo] %S Bl AdE 272 A%

& (AP b nISA ke W(712)e) AR
FHAS Ueh 02 T A% 3718 AH8S F 5

<]

A} BUG AR 2712 AR A3l AN
A o 13RS AL ¢ 4 Uk we,
o] 53 Aol ofg AaAel Aolg Fol7] 93
7} sojulet A T A% 2712 Aelses AAse A
2)eo] HlZapl ol FolX =5 shih. gk 71Mel A5
Zely) 99 BEQ A He N ke A9 va
gt 27 T Hade] B AHgelE ZAdA Axa
7ol e % AANHE vme HoeA The A% S
A2 ) 71ze] ale] ARk Hel 4,200 5
e ugh,
A= te a7le AR

r N
J}L l:‘l

@

rr
o

oz
T
_\\‘_(,o\
>
Ei
m‘f%
F10£
mZTi
\:I_\_‘,_n
. &
<, rr
5
o Y
O qam o



&% LiDAR HlolH Bite 913 MPI Az e] o] A 2y 71 9

6000
Various Size  mmm—
identical size &x===3

5000 §

4000

3000

execution time(sec)

2000

1000 §
0

Data1-3 Data2-3 Datal1-5

Data2-5

O% 7. SLs ZAXIIE 7K mi(7|ERA) o M2 CfE 2K}
IE 71 m(mQrtA]) AldY AjlZH

Fig. 7. Execution time of static grid size and dynamic

grid size
V. 248
B =Rox Bae AR Qle) Adiazte] o)
Ae)E Kriging BXPHE B} & dgrrio s 33 4
D=F B4 vlie] Alz"lolld Hagte] MPIEA& ARt
o glolHE Bt Agsk= 7ML Aoksiact

A Y LIDAR dlolE ok 2] 7R g Uxs 7ix|
A=)

3 Qi) o3 SAEL Fojte] AeF Bvd dEE =
#ste] HAZRL e Aste] dlo] 2 5 ot # =7l

At ol & AdslnA 2 307} K buckete] 271E F
of 270 et theebl 2ASGE, FUS LES 7}
A YelE} gl B A9l o) G o
Aol wet 28 o) 2718 WA 2H Hol = el
s0jo] 99 Fol =718 AP e, 3 BRI

2l oW =] WAY-E wAs] fJ8) 2 2ol AlE TR
B AT o BAULIE P Fof| A7 FUksle] AAEHE
£ 31

Ak 7S LiDAR ¥t A]o] 288ka 7]
E3) vwdt Az, Fage] vAlA] ek A
TOR Q3] daelFo| AMSsHE HIEY A=
o] VA o} HloJElYF T o] 23k FojofA]
bucket®] 7} S71845 AR Aol 7t S718H2
& Utk E, ok 219 A 82 Y
Azl 2715 ALY wrch A 1.2000A ) 4.24]9]

e e B3t ole B4l eusl= gl soiRte] w53

3\

5|

o,

o O o ox N, R

ik

o

s

r_>rL o,
ofy i
do gk

<

o
b

el HE Al glo] $83 8aolv ol& neshe
ol FeAQl WY A2E A S vehith, e 2
EEoll A Aljkehs Hage] SAlE o] &3 BE A2 7
HEAD g Zo] 27 o)7]F | 2F oA Hibi& A
glke ©l £-88 ez Addnt

SHAIRE ol Apel|A] Aol ARSE dlolE7L W A
ol thef ol= ol tiE & 2ol gt d771 #5371
w2l & H Tt HlolElE 713 LiDAR wlof{elA i
Ao vehe HE 2ARES B4, 472 Holth

VI. Al =2

B AT vy 2 JrEaR g gigt
ITATAE ARl dA7dses FE9e
(NIPA-2014-(H0301-14-1011)), LiDAR d©loJ€¥&

NSF-sponsored National Center for Airborne Lase
Mapping(NCALM)ell 93] =3 A FkFHch

HuE

et

(1) Arya Sunil, David M. Mount, and Onuttom
Narayan, “Accounting for boundary effects in

Discrete &
Computational Geometry, Vol. 16, No. 2, pp.
155-176, February 1996.

(2] Choe Jonggeun. “Geostatistics,” Sigma Press,
p.139, 2007.

(3) Finkel Raphael A. and Jon Louis Bentley. "Quad
trees a data structure for retrieval on composite
keys,” Acta informatica, Vol. 4, No. 1 pp.1-9,
April 1974.

(4) Friedman Jerome H., Jon Louis Bentley and
Raphael Ari Finkel, "An algorithm for finding
best matches in logarithmic expected time,”

nearest-neighbor  searching,”

ACM Transactions on Mathematical Software,
Vol. 3, No. 3, pp.209-226, September 1977.

(5) Han S. H., Heo J., Sohn H. G. and Yu K,
“Parallel processing method for airborne laser
scanning data using a pc cluster and a virtual
grid,” Sensors, Vol. 9, No. 4, pp.2555-2573,
April 2009.



10 Journal of The Korea Society of Computer and Information September 2014

(6) He Fei, Jinyun Fang and Wan Zou, An effective X xt &

method for interpolation, Geoinformatics, 19th
ol 5 #l

2008: v] Z2chghu
AAFERL Ul
2008~2011: 1] Ezejchjela

International Conference on. IEEE, pp.1-6,
Shanghai, China, June 2011.

MPI Standard Version 3.0, http://www.mpi
~forum. org/docs/mpi-3.0/mpi30-report.pdf

=)
-

(8) H hao M d 7Z W "Distributed R
ongchao Ma and Zongyue Wang. "Distribute )
gehao A @ & & ! 2011~@A): v elEjoldfetn
data organization and parallel data retrieval ;
A7)

methods for huge laser scanner point clouds,” .
8 P ' AR Az,

Computers & Geosciences, Vol. 37, No. 2, Lidar Remote Sensing,

pp.193-201, February 2011. dxe) Aeleld]

(9) Huang F., Liu D., Tan X., Wang J., Chen Y. and Email : heezin.lee@berkeley.edu
He B., “Explorations of the implementation of a
parallel IDW interpolation algorithm in a Linux oSt
cluster-based parallel GIS,” Computers & = 1974: A&t &858} et
Geosciences, Vol. 37, No. 4, pp.426-434, April A _g‘_ 19761 =74 (KAIST)

2011 Ak} A

o
(10) Oliver Margaret, Richard Webster and John .d‘ k 1982+ Institut N.ational
Gerrard. "Geostatistics in physical geography. Polytechnique de Grenoble
7okt WAt

1976~1992: KIST, KIET, ETRI

/AR
1992~@A): ol

Part I: theory,” Transactions of the Institute of
British  Geographers, Vol. 14, No. 3,
pp.259-269, April 1989.

(11) Protopopov Boris V. and Anthony Skjellum., "A AmEgol g} 12
multithreaded message passing interface (MPI) A Eok: oljrE AT
architecture: Performance and program issues,” AT AEE 22
Journal of Parallel and Distributed Computing, Email : sparky@ajou.ac.kr

Vol. 61, No. 4, pp.449-466, April 2001.
(12) Welch Terry A., “Bounds on information LR
2006~2007: SK 2H1F
2008~&A: olcieta
A% B s
Wk A FHFE HPO),
Large Scale Software,
RDF, Sk #A74
2 Mo Email : syoh@ajou.ac.kr
2012: olFtigta
AuAFE Bt )
2012~8A: olFTigt
AFE B} B}

retrieval efficiency in static file structures,’
Project MAC, Massachusetts Institute of
Technology, pp. 140, 1971.

o & H

Email : k-seon-y@ajou.ac.kr



