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Abstract
This paper presents a parallel distributed implementation of the GHT (generalized Hough transform) for the fast
processing on the MPI-based PC cluster. We tried to achieve the higher speedup mainly by alleviating the communication
overhead through the pipelined broadcast and accumulator array partition strategy and by time overlapping of the
communication and the computation over entire process. Experimental results show that nearly linear speedup is reachable

by the proposed method on the MPI~-based PC clusters connected through 100Mbps Ethernet switch.

Keywords: GHT, MP], 2328, a3, £= A

I.M E

E97]4 (projection-based) WEo=Z F d#HA
GHTE gl 7 o2 Exd ZAXNAY 57t
717 BAMRE A28 T dE 443 dagFol
70 3, ohekek Av]) Wshg Fd" XA P E3)
71 A% 53T #A A e = AN JAFH
(computation intensive)$] gxzg|Folth wely ©d
A 2}7] A" (uniprocessor system)el A= UF 71 A
Aol 28HBER WY 3&AE Jleo] 8T7HI

T A, Aol F Y HFEHAEALE
(Div. of Computer Information, Yeungnham College
of Science & Technology)

T RYY, AEAEgE ARA)HFE R
(School of Electrical Engineering & Computer
Science, Kyungpook National University)

% of EEE 20053YE Fdol3it dFaAu A

P 95l AFHAS.
Hedrb 2007918 24, A48 9:200734¥€30d

32

B¢t HT(Hough transform) ¥ GHT9] 1£31E
He 8o g Be a7sl e yaso) ¢
, ti#Eo] HTo #% 478" os, GHTY o
A4 2] (parallel distributed processing)el #& A
%2 e 99 AFE URe 32 =g

A4 duAFY SIMD wd =2 A (array
M 4 vEE 9% Z2ZAN(shared
memory multiprocessor)'?, TE B} v 2E o2 7
F8)(distributed memory multicomputer)'?& 7]uko 2
HE TES g0 TR U

Y ol T HHELS EA uwigA
A3 e e FolBE, olF o] &3] ¢
Mo s FHd &4A H2d ¢ 3l
X AFHE T e 3 A &
Ud, g A7) Alzg A GH g
o THElE AR 3 oH&
ozl dTay Z&I|H dE BHe 5401 %11—: Z&

% do
% LT

e

I

do Hf e

processor



82

PCE 3} LANS o] &3ted MPL 7|%F PC Z2|2H
Asta, o] 93 HIFRA GHTE NE +33
%7} H]& glo] 14 GHTE €88 + 3is &
g} Grid Computing™9] 712972% &g 7}
Aoz Brh #A7A = PC FAHAA Y 74

g BEal FEE ol y] ofHrth
Zol A= MPL 7|4 PC 282H A9 GHTE
TF#Este) m&Ietn, 1 My AMS 46
&4 GHTAA HAA] A 2 AH2A
5, BRG] A
broadcast)& ©]83t3, A&
| AE JAE ALGFOREHN F
Egon AA Mg AAd HA F
3|

ANA FEFeEA

-

ol
= A= A 1

-

=

O
-

et

=
©
Zj

e

9]
s
=3

e
> M of

M

P

o,
2
A=)
o,

o o

i)

o

O

ol

£

rz oz ot (W

al ez oo fLopl
ttjo 4
£ o
T &
— g
Z 5
=
&.

Hodr 2 oA xR ol
b
o2

[ Gs1A

pol

)
I
2

£33ttt
100Mbps Ethernet X2 <dZd" LANIA

MPI 7]%k PC E82HE TEsL A¢e BEL4
GHTS 78 43 23, A% 7P S=Anes
gz ¢ it

I. Mokt GHTS| By 24 73

1. PC 232AHS HERI EEZX

Aotk GHTS HERA 788 A8 28 13 22
HEYa EZZXE z2tE MPIZISE PC 8&EHE 7
g3tk

Ethernet 29 FA 08 TAH PC F¥AH
A 3 the] PCE vh&E(master), YA PCEL A
(worker) =EEo|t}, 25 PCEo] 553 Adtsds
7RE 29 Y EYA(homogeneous network)©|Th.
JASL Al 9A ZEAAuE TR, vka
B vlal ZaAsg A ZEALE B YT
o mlaE ZEAce Altask) S 27133803, HA

MPI 7|¢t PC S2{AHWM GHT2 ¥ 24

Master Worker| , . ... Worker Worker
Mo Mh
l l 1 |
I Ethernet Switch J
I I 1 l
Worker Worker| , . . . . |Worker Worker
Mp-1
a3 1. GHTe "HaEgd F3S 28 PC Cluster?| HE®
3 EEZX ,
Fig. 1. Network topology of the PC Cluster for parallel

distributed GHT implementation.
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Table 1. Comparison of the broadcast algorithms for
sufficiently large messages on the Ethernet
switched cluster™.
Algorithm Performance
Flat tree (p—1)x T (msize)

Binomial tree log,(p) x T (msize)

Linear tree (pipelined) T (msize)

2 x T (msize)

Binary tree (pipelined)

k-ary tree (pipelined) kx T (msize)

Scatter/allgather 2X T (msize)
p - Number of processors,

T(msize ): Sending time for an msize-byte message

E 2 Ethemet A%X PC Bo{AEH AN BE H
Aol melain MaHjm
Table 2. Modeling and performance comparison of the
partition strategy on the Ethemnet switched PC
cluster.
Strategy Image partition AA partition
Distri- N )
hution T p ) T(N%)
Comm. Gat}.l_ log, (P)XT(N*S R) | (p-1)xT(C)
thering
Subtotal | T(N?S R) T(N?)
GHT O(gKSR) (010:7:¢ Si;- )
Comp. | Peak log,(p)xO(¥2sR) | (p-1)xO(1)
Subtotal O( E[;SR )_“_a O( EI&;SR )
p : Number of processors,
T(nsize): Sending time for an nsize-byte message
C : Size of a retum message in bytes.
N Width and depth of an image,
S Number of scale factors,
R : Number of rotation factors,
E : Number of edge points in the target image,
K Number of R-table entries,
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Master Process:

1. Reads a template file and stores 2-dimensional
array.

2. Creates a R-table list from the edge points of
template, and stores it. .

3. Reads a target file and stores 2-dimensional array.

4. Broadcasts each worker a target image and a
R-table list as the workload.

5. Gathers the local peaks from all the workers.

6. Finds the global peak, returns X,v,$, and R
values. '
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Worker Process:
1. Gets a target image and a R-table list from
master. '
2. Processes the GHT for a (1/p) equally-sized
accumulator array, and finds a local peak.
3. Sends their own local peak to the master.
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Fig. 3. Time analysis model for the proposed parallel
distributed implementation of the GHT.
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Example of the artificial and real images used
in the experiment.

(@) Template (b) Target for artificial image
{pinary, 256x256) (c) Template (d) Target for
real image (gray, 512x512) (e) Template ()
Target for real image (binary, 512x512).
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Image category Artificial Real
Image | 198128 | 256x256 | 512512 | 512612
Broadcast
Target
image megiszzzge 16KB 64KB | 256KB | 256KB
Number of
edge points RYS 2 1501 2192
Number of
edge points 210 » 414 828 879
1/ (total
R-table | number of | 128% 0.63% 0.32% 0.34%
pixels)
Broadcast
message Size <4KB | <8KB | <I6KB | <I6KB

B 4 ZERAMAM 3t o2 M3 AlZE[E]
Table 4. Execution time for the variable number of
processors. [sec]
Category Artificial Real
» Sizel 1ogx198 | %56x256 | 512x512 | 512%512
1 23.100 91.360 361.635 556.454
2 11560 45703 180.907 278.306
4 5.790 22.870 90.486 139.141
8 2914 11.467 45.426 69.655
16 1.494 5.884 23.370 35.827
32 0.790 3.080 12.303 18.760
48 0541 2,073 8.169 12524
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Fig. 5. Speedup for the proposed GHT algorithm.
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