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Parallel Simultaneous Alignment of a Large Number of Range
Images on Distributed Memory System

TAKESHI OISHI,"! RYUSUKE SAGAWA,: ATSUSHI NAKAZAWA, 12
Ryo KurazuMmEH and KATSUSHI IKEUCHT!!

This paper describes a method for parallel alignment of multiple range images. Since it
is difficult to align a large number of range images simultaneously, we developed a parallel
method to accelerate and reduce the memory requirement of the process. Although a general
simultaneous alignment algorithm searches correspondences for all pairs of all range images,
by rejecting redundant dependencies, our method makes it possible to accelerate computation
time and reduce the amount of memory used on each node. The correspondence search is per-
formed independently for each pair of range images. Accordingly, the computations between
the pairs are preformed in parallel on multiple processors. All relations between range images
are described as a pair node hyper-graph. Then, an optimal pair assignment is computed
by partitioning the graph properly. The method was tested on a 16 processor PC cluster,
where it demonstrated the high extendibility and the performance improvement in time and
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memory.
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Algorithm Pseudo Code of Parallel Alignment
// Server process
AssignPairs();
while(error > threshold){
for(i = 0; i < nImage; ++1i)
for(j = 0; j < nlmage; ++j)
if(Listi][)1{
// Client process
SearchCorrespondingPoints(i,j);
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Fig.2 Rejection of redundant pairs

® Procl

ComputeError(i,j);
}
// Server process

ComputeTransformationMatrices(all);

}
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Fig.4 Rejection pairs by relative distances

reject

oo0do0o40000008D0 IyO 30000000
Ip 0 [3000 ls006L 0O 30000 K1z000
ooooooooolL/WO 00000000000
oooooooooooboooooboOobooooogd
goooooooooooOoOoOoOoOO0OO000000ad
oooooooooooooooooooooooboo
ooooooooo

3.2 O0O0OO0OO0OOO

goooooooooooooooooooboooboo
gooooobooooooooooooooooooboo
goboooooooooboooooooooooboo
oooooboooooooooooooooooboo
OO0000000O0 NpP-OOOOOOOO0OOO0OO0O
00000¥o00000000000000000
goooooooooooooooooooooboo
gooooobooooooooooooooooooboo

3.2.1 00O0O0O0OO

goooooooooooooobbooOooo so
goooooo ,oooooooooooooooo
ooooooooooooocooooo Ry 000
oooooboooooooooooooooooboo
oo sb0boooooboooboob 200000000
gooooboooooooooooooooooboo
gooooboooooooooooooooooboo
gooooboooooooooooooooooboo
goooobooooooooooooooooooboo
I:IWf;’dGDEIDDDDDDEIDDDDDDDDDDD
oo0+:00 70000 »wOo, 000000000
goooobooooooo.000o00000o0o000o
0000000000 W00o0000 » 0000

W:J(-)de = v; +vj (13)

Wi = v, (14)
000000000000000000000000
000000000000000000000000
000000000 50000000000 0000
(Po3,Pi3,P23) 00000 (I1,[,,13) 000000

oooooooooooooooooooOooobOobooooooo 5

I, Subset 0 P, !
13

Bs
1

0
/ B

/
1 Subset 1

055 ODOOOOOOOOO
Fig.5 Correspondence pair node hyper-graph

00010000 (Pop,Po2)0 (Io,[1,I:) 0000
00000000000D0000000000
(1) 00000D00000O00000000000
(2) 0D00O0O0DO0OO0O0O0O0OO0O0O0O0O0O0O000
00000000000
322 000D
00000000000000000000000
000000000000 0000000 k0000
00000000 A000000000000000
0000000000000000000 20000
0D03000000000000000000000
0200000000000 20000000000
OD0O00lgkd0O 200000000000 k0D
00000000000000000'Y0
0D000000000D000000000000
000D00000000000000000000
0000000000000 00000000000
0¥Yoooooo000000000oooonon
0000000000000 00000000000
0000000000000000000000000
KLO Kernighan and Lin0000000%2 0000
0002V 00000000000000000000
000000000000000000000000
ooooog
00000000000000000000000
00000000 Dooooo!™?2gooooon
0000000000000 00000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 600



6 ooooooogo

Second partition

(b)

N\
@ ©
Seed

-7

First partition

06 OD0O0O0OOOODOUOOOOODOO
Fig.6 Random seeded breath-first search

3.2.3 0OOODO

0000000000000 0000D000000
0000O0000o0o000000200000000
00000000000 KLOOOOOODOO000O
0000 FMO Fiduccia and Mattheysesd O 0O O O
002 0000KLFMOOOOOOOOO000O000
000000000000 000000000000
00000000000 0000000000000
OOKLFMOOODOOOODOOODOO0DO000000
0000000000000000000000000
000000000000 000000000000
000000000000 000000000000
000000000 KLFMOOOO0O0O0O0O0O0o0O
00000000000 0000000000000
0000000000000000000000000
00000000 000000000000000n
0000000000000 0000000000?Y
00000000 000000000000000
O00000O0O0OO0KLFMOOOODOOOO 20000
00000000000000000000000 k
000000000000 000000000000
000000000000 000000000000
000000000010 100000000000
00000000000 00000000og

00010 100000000000000000
000 G:0 G;000000000 Ny, 00000
000000000000 000000000000
000000000000 000000000000
O00Nu;He0 G:O0O0O000000O G, 00000
00000000 D%, 000G, 00000 D%y
0000000000000 0000ooon

i gk = ;njk - Df:jtk (15)
00 G;000000000000 g,,,000000
D, 000000 DS%, 0000000000000

3ty J»

Sep. 2005

07 0O00OO0OO0OOOO0OO0OCO:00000C0O0O0
0:0o0booooooo

Fig.7 Range images used for evaluations

(left: original model, right: range images)

gi.ik = Dyt = D5k (16)

0000000000000000000 2000
0000000G, 000000000 G;00000
000020000000000000000000
000000000000000000000000
goooooooooooooooooooooboo
goooooooOooooobooooobooooooo
gooooboooooooooooooooooboo
gooooboooooooooooooooooboo
ooooooooooooooooooooooboo
000000000000000000000000
000000000000000000000000
000000000 1%0000000000000
000000000000000000000000
000000000000000000000000
goooobooooooooooooooooooboo
goooooooooooooooooooooboo
gooooboooooooooooooooooboo
gooooooooooooboOooooooooboo
oooooooooo

4. OO DOO

00000000000000000000000
000000000000000000000000
000000000000000000000000
200 ArhlonMP2400+0 00000 4GBOOODO
00000080 PCOODOO PCOODOOOOODO
00000 PCOO 100Base-TX 0OOO0DO0O0OO

00000000 Cyrax2400®® 00000000
000 13m 000000000 300000 (0 7
0)00000000000 500000000 (07
0)0000000000000000 122029000



Vol. 46 No. 9

1

N
N
\

0.4 ;(‘\
0.2 Y
& o o o G o e e o o G S o o o
-
& A A A e e A A A A A A A
I -2 N -0 -0 - N - N N - N

1
Number of iterations [times]

08 ODO0O0O0O0OODOOOOOD

Fig.8 Convergence with general method

—4— Threshold distance : 0.Im
—CF - Threshold distance : 0.5m
—/— Threshold distance : 1.0m
= % Threshold distance : 2.0m
—O -Threshold distance : 5.0m

Average of error [m]

1
—o— Threshold distance : 0.1m
‘ —L* ~Threshold distance : 0.5m
0 8 —/— Threshold distance : 1.0m|——
— \ - - “Threshold distance : 2.0m
E —© -Threshold distance : 5.0m
[l \
5, 1
=
£ 06
3
=
5]
) \
&0 0.4
=
5
>
<« \
0.2 \R
iﬁ:g - o o o o o o 0 o o o
0 D TN
0 5 10 15 20

Number of iterations [times]

09 O0OO0O0OO0ODOODOO

Fig.9 Convergence with our method

0121970000 8328 000000000000
158,376 O OOO

4.1 00000

ooooboooooooooooooobooooon
oooooboooooooooooooooooboo
ooO0s0000000000000 245000000
ooooooooobolleobonoOOOOOO0ObOOOO
ooooobooooooooooooooooooboo
goooobooooooooooooooooooboo
goooobooooooooooooooooooboo
000000000Cyrax0OOOOODOOOOOO
goboooboo iemO000000000000000
xOyOzOOOOOOOOOOO 10em 000000
0ddddxOO0yOOzOOOOOOOOoOoOoooo
gos5000000000000O0O0O0O0O0O0O0O000
gooooooooooooooo ywOOOOOOo
ooooobooooooooooooooooooboo
gooooooooooooooooooo soo 9

oooooooooooooooooooOooobOobooooooo 7

12

——Graph partitioning method
10 ~©- Sequential method

Calculation time 71 /Tn
N

[UN) 6 8 10 12 14 16

4
Number of processors n

010 O0O0O0OOOCOO
Fig.10 Computational Efficiency

—#= Graph partitioning method
~E-Sequential method

6 ——

o

3 /

0 2

Required memory M1 /Mn

4 6 8§ 10 12 14 16
Number of processors n

011 0OO00OOooooo
Fig.11 Required memory

oooooooo

oooooooooooobocooooobooooo
goooooooooooooooooooooboo
goooooooooooooooooooooboo
goooooooooooooooooooooboo
ooooooooooooooooo

4.2 0000

ooooooooooooooooooooooon
gl1o0o0oo0ooooobooooooooooobobo
gooooobooooooooooooooooooboo
gboooooboooooooooboogo00000
oooooooo 00000000 T,,00100
ocooooooo yOOooooOoOoOoOoOoOooOooo
goooooooooooooooooooooboo
goooooooooooooooooooooboo
oooooooooooooooooooooooboo
ooooooooooorooooooooobboo
goooooobD1000000000 20560msd 16



01 0O0000OO00oo

ooooooogo

Table 1 Experimental results (Nara)

nProc

Time[s]

Max Mem.[MB]

Min Mem.[MB]

76.0

1287

1275

16

13.2

292

254
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Table 2 Experimental results (Bayon Temple)

nProc

Timels]

Max Mem.[MB]

Min Mem.[MB]

4
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