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Many approaches of parallelization on multi-core is reported, but the ap-
proach should differ by application and guaranteed accuracy enough. This
paper described that the acceleration of DEM (Digital Elevation Model) gener-
ation on different architecture of multi-core is evaluated. The DEM generation
composed of the template matching, interpolation and median filter. The re-
cursive ZNCC calculation and the census transform, etc. was implemented
for acceleration with guaranteed accuracy. The optimizaion on heterogeneous

multi-core (IBM PowerXCell 8i) was sped up by about 350 times by optimizing
the DMA transfer in SPE . The optimizaion on homogeneous multi-core (Intel
Xeon) was sped up by about 38 times by using OpenMP and the high-speed
algorithm.
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Table 1 Specs of platform used in the experiments
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Fig.1 Procedure of DEM generation
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Fig.2 Computation time before optimization

gobooooooooobbooooooooobocOooooOoboOooooboooOobocOoooon
0000000000o00o0oUoO0o0oOO0oU0O00O0OUDOUOO0D HOODoOOUDUOOO
goooooOOo0o0ooooOoDOOO0O0O0O0oooOoDOOoOoSIMDOOOOOOODODOOOO
goooboooooooooooooooobooooooboboooooooboooooonoon
gooooooboooooboooooooooono

4. DO00OO0OO0OO0OOOOOOOODOOOn

DEMUO0OO0O0D000000D00D0O0D00D0O0OO0D0O0O00DODO (ZNCC; Zero mean
Normalized Cross Correlation) 000 00000000000000000000O0O0O
O00. 000000000000000000000000000Ocensus 100% O
00oo0o0o0ooOoogog zNCccoooooooooooo

4.1 ZNCC

2000000000 /IOOOO0OO JOOOOOOOOO pOOOOOOOOOOODOO
O000bowOoooooozZNeccOono

Paew {1(@) — W)} {J(p+a) - J(p. W)I}

¢zqew{f —I<W>} @qew{qu T(p, W)}’

(1)

Cznce(p, W

oooo

|W\ Z (2)

qeWw

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

- 1
I W) = 7 > Jp+a) (3)
qeWw
000 wW|OoDoOD wooooooooo
4.2 census 00O

census 100® 000000000

i ) 1 K@) <K(p),
S, K) = { 0 othewise. “
Ceensus(P, W) = [{€(q,r; 1) #&{(P+a,s;J) [ g € W}, (5)

oooO0Or,s00000 [,JO00O00O0O0DOOOOOOOOOOCCOOODOODODOOOO
goooboooooobolbooooboobooooooboooooooooooobooooboo
goooooooooooboooooooboooboobobooo0ooooooboobOooooooboo
0000000000000000 NCCO ZNCCOOoooooooooooooono
4.3 ZNCCOOOOOO
ZNCCUODOODO 00000000NCC(Normalized Cross Correlation) 0 0O 00

) — D qew (@I (P +a)}
)_ )
\/quw IQ(Q)\/quw J2(p+aq)

goooNCCOOOODOOOOOOOOOOODOOOOOOOOOOOOOOOOOO
00000000000000000000000%00 6000 N,Qr,Q,; 0000

(6)

Cncc(p;

Creclp. 1) = \/Qf(xgi))gj(p, W) ™
ooooooooon

N(p,W) = ijv {I(@)J(p+a)}, ®)

Qr(W) = qZVjVﬁ(q), 9)

Qs(p, W) —Ej J*(p+q). (10)
qeWw

0000000 ;000000000000000000000000000 Cnec O
ocoooOo0o0ooooooooOOoObooODOOOoONCCOOOOOOOOObOOOD

Vo0l.2009-ARC-186 No.3
Vol.2009-HPC-123 No.3

2009/11/30
V{/\W’
w
™ B
"
W’ \W

03 00Ooooooooo
Fig.3 Window of template matching

00000 N,Q;000000000000000000WO000000 W o0oooo
ogoooo
N(p,W')=N(p,W) = N(p, W\ W')+ N(p, W'\ W) (11)
Qs W) = Qu(p, W) = Qu(p, W\ W) +Qu(p, W \ W) (12)
0000000 W\W OOWOO W Oooooooooooow,w , wW\wW' W \w
00000 300000000 wWOoOODOw 00000000 N,Q;00000wW00
00 N,Q00000W 00000000000 W\W/DDDD[IDW’D[IDDD
ooooo W/\WDIZIDDDDDDDDDDDDDDDDDDDDDDD w' oooo
0000000000000 0000o0o0o0o0 300 W\W/,W’\W[I[IDDDDDD
go0ooooooooooooooooooooooooooooooooobooboooa
1//w|0Do0o00oooooooog
ZNCCOOODOOODOOODOODOOOOOOOONCCOODOOODOOODOOODOO
0000 10020030000000000000000 ¥OOoOoooooooooao
oobobooooD1000 M,Dr,D; 0000
M(p, W)
V/Di(W)\/Ds(p, W)’
oobobobooM,D;,D; 000000
M(p, W)=Y {I(a)— IW)} {J(p+a) - J(p,W)}
qeWw

= > I@J(p+a,W) — [W|I(W)J(p, W), (14)

qeWw

CZNCC(p7 W) = (13)

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

Di(W) =Y {I(@) - I(W)}*

qeW
=Y IPla) - [W[P(W), (15)
Dy, W)=Y {Jp+a)-J(p, W)}’
qeW
=Y F+a) - WFE W), (16)
qeW
00oooooo N,Qr,Q00000000000000000000
M(p,W) = N(p, W) — |W[I(W)J(p, W), (17)
Di(W) = Qi(W) — [W|I*(W), (18)
Ds(p,W) = Qu(p,W) — [W|J(p, W). (19)

D;0000NCCOO0DOODOODODODODOI,JOO0ODO0O0D0O00 11012000
oo00O00opooO0O0o0oobooOozZNCcCcODoOOoOD M,D,0000000000000CO0O

5. CellOODOOODODODOOOO

Cell(IBM PowerXCell 8i) 000000000000 D0OO0O0O0ODOOODOOOOO

000000000000 200000392 x4200000 ASTEROOOOOOCOOO

5.1 OOO0O0OO0O0OD0

goboooooooboooobogoo

(1) DO0oOO0OO0ODO0O0OO0O00O0OO000D00O0ODO00OO0O0OOODOOODDO
goboboooooobooooooooa

(2) ODOOOOOOOOOUOOODOUOOOOOUOOOOOOOOOO

(3) ODO0OOOO0OOUOOUODOOO0OO0OO0OOUODODOOOOOOOOUOOUODO
goood

0000000000000 Olong double 00 (128bit) DO O OOOOOOOOOOO

gboodoboooobodooocoboooobooooobooboobOoOoboUObboOooOoOoOooOobo

OU0O00O000O (64bit) DODO0D0OOU0OO0OOO0OOOOOOOOUOOUOOOOUOUPPE

gobooooboooboooogs.robooose.robod 2300000000

OO0 7)000Cell/BE.OSPEOOOUDODOOUOOOOOODOO (32bit) 00000

000000000 1.3%000000000 iIm000000000OO0OPowerXCell 8i

Vo0l.2009-ARC-186 No.3
Vol.2009-HPC-123 No.3
2009/11/30

02 J00obOO0oOO0OOobOOobOOooOooooooooooo
Table 2 Computation time by optimization of template matching
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Fig.5 Latency hiding of DMA transfer
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Table 4 Effectiveness of SIMD on SPE
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Table 5 Effectiveness of parallelization using OpenMP
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Table 6 Computation time of template matching on Xeon
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Table 7 Computation time according to algorithms and architectures
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Fig.7 Computation time with optimization
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Fig.8 Hill-shade images of DEM genarated
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