1998 F B AR+ T B KERLEHAH B LR FE2HE F 28 0811

SIMD
g g o]

HIFE Aol
=9

are]

oN

12

weR, ol T, HER, HFE
ZEASGE AAAAFTER, “FojHEAS AR} A

A Scalable Parallel Labeling Algorithm
on Mesh Connected SIMD Computers

Eun-Jin Park’, Gab-Seob lLee”, Hyo-Kyung Sung”, Heung-Moon Choi’
“The School of Electronics and Electrical Engineering, Kyungpook National University
“Department of Computer Science, Kumi College

Abstract Eoerefa] 2oy, 5). olel§ A3 AHg £olvi
of kg BlY Rdg ol fste] HelBEg #HY He
gz vk o8 b #HE xag 2d FoM gy o
A FE7 Ae #aE7e 3 AAE P o
s WA Hejoln), HE wgozr THol goly
W+l (mesh) F22 SIMD(single instruction stream
and multiple data stream)® Z Felo] 9§ A7 2
of &) g2, 51
Cypher F[3]% ¥4 44 deld¥ 11349 A7 5
= ({time complexity}s] el F49 4548 Fe|7] ¢
ted NxN 21719 o abeli it Levialdil6]7F =gt
% A9 (shrinking method)® #lolE Hab W& A
8o ONogNHIE  ¢ake] A7 H3wet 2
PE(processing element)?d O(MHIE 2] dizalyd dg
& &ty darel 3 ARkl Alnuweiri $(4]8 19
A log(2N)Alele] @& e d2is] H4 el ol uf
2 PEW riize] 27l QN BB R A7 23t
E7F OUNHIE Hadel ¥ dolgy dadEs 4
orata, kg FHEoZA M HFPEe PEY Wy
T Aleldd ElEEE 43Y 4 UxE 4
ey Hed HE HeEdy e NN a7
o] Al dstel NxN efde] PEY #1435 ¥ o o
2 833 ¥ 4 4nEEE AL R Yol
g datel Al wel PEY 49 2 PEolY Hag
gty dEele] ¢4g ovjg 383 HEHer o 27
W Feel mEbAs AMEHR g PESE diRale] @
[ A& HE& 7EHE 7 slem, o3 WAy M 94
. = g A7]Y] HUEE ALPE oA FEslcr #o mea)
g BAMely HHE vy FeliMye vlng 43S A PESE Wizle] P gld + YR E oln) FHE
k= e dE9ES SENeE FEa e W WA HEE delA bk A7 42 HelEd
B oA als GYE elelxdaie Ak ol WA g 4 s A WUN wee) Bg
Blaogivh aEu g delgd e 1 wkurel XYy 2 xRolMi slHE SIMD HEH Hold ¥
TER Jae My Age] My ge]l 288E Ao 2b2tocal operators)E oi &5t of el =:v|o wma)

==

A scalable parallel algorithm is proposed for
efficient  umage component labeling with  local
operators on a mesh connected SIMD computer. In
contrast to the conventional parallel labeling
algorithms, where a single pixel! is assigned to each

-

PE, the algorithm presented here is scalable and can
assign m>m pixel set to each PE according to the

o

input 1mage size. The assigned pixel set is converted
to a single pixel that has representative value, and
the amount of the required memory and processing
time can be highly reduced. For NxN image, if
mxm pixel set is assigned to each PE of PxXP
mesh, where P=N/m, the time complexity due to the
communication of each PE and the computation
complexity are reduced to ((Plogl”) bit operations
and O bit operations, respectively, which is 1/m
of each of the conventional method. This method also
diminishes the amount of memory in each PE to
OtP), and can decrease the number of PE to O(#)=
A(NYm" as compared tw OINY) of conventional
method. Because the proposed parallel labeling
algorithm 15 scalable, we can adapt to the increase of
image size without the hardware change of the given
mesh connected SIMD computer.
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Fig. L. Mesh connected SIMD computer.

1. 9d 24 duedE
Levialdizt 29+gt oA sejstd A Ak(binary
morphological cperation) & #&Hez HE3e 9HE

24 g Folide AdFES @ HEE #FE ),
G, -0, G-1, j), G-k - 1)3}5:—1; g oz gl ol A
s & 7 #is gd 2 osie] 222 ol i
o fla #As, b,F B (el eldgelet 79

se (e MEE & Vad

Vi = h(h(h;_,*b,,-1*1);—1_,“]) + (h(b,:_,‘*b;‘-lk,-rl)} (1}

o o2& Heolgth A7M, AHE =00l
t>00 da#l e he=12 A2 5= Heaviside $5o)ch
G, ) kAol go] ‘1'Y o, 1 349 o] % 4 H
A F st o] Baghol Teld FAAMN F ()
JE Aol g Vel ®ny 1w (g, HE A9 el W
% O G, )4 9% glaest AF 4 B oo T

o g 7HE ASolw H4 A ol (G nEs ol
T'e] #r}.

Heaviside 42 o=
7} g e s

&l Ai=0,

Rl R ) B ‘%’BLHQ
HA47 G & gz 1 gAE
£ 27 EEiMe PR Re AlEhEe] e &% OPEH =
Fog ¢HA7v Agg ek gadel sugy
deel @A st gavhe] & dAta HLATE
H 875EHe £4 4949 5y 3 998 28de
7Hd A& AdEs] 2 2R oty HAefE o
ety gas F g W g7 % e Manhattan A&
o ol aseg Hl 2N £ 94 el B
Ad JdEEe] AlEAA "o 4 dudFE
o 1Ugg 7 sAv B Al E W7 A Levialdiol
Fa A4 EHez Hesed, L dag
fniey M EE Gide] AelAm o] FFAEL PES d
zald #®AAziv

M
ML

2. golg i

Ao 4 ddE vy HES Fe ANE BB

23 yotu FopwE BE Ay yo] & PE2 dlRe
Xyl HAse] glemz fHolE Hi HANME
v et 24 4o ammoﬂxwai Aoz BE Z
it Eel mel 7} e HelEL gk & A
g g Fd o e %gl%ol TE 9
P alar 28 F% Ed, oy 2 GAdA Y
ojd & gloog HE AR yE EETH U 4, 0US

2 999 dolgg gogM T 1R Hid o
dHEsn I ord diolES A Frh avuA do

T oeddelal A HA Ao s Fase Hold
yetAll A 7t PEG 2l &9
o] grol ‘I'olgl¥d PE; PEi., PE.. PEao 2944
g yis dzel Axgre]l 'I'Y PERRE #Held
& #e P vk DA wlEe] fRghe] (1'<l
PE, 2 ol® dol8% H4HHA ety 3w PEE
Aale] (i, j, watd MZE dielE& & 7tHA "o olg
A y3 2NA 177 &2 dHel2d Hagozy
b Ad HEEE FY8 delES A 3T
SR AURg ol&% HelEH duFe i 9
Eﬂ“]% A AR Fe 39 A4 s
e 2t whAle] A ZE(shif)s s c1@)a
e
o

2
(-1 Hxze Hx

LI

fm ie

_I“:.

3 AFHE ME S bY i Boh 22
Aol 2
&2 AuNE b

ditel ¥ B LF c=2NOL s
lelm wleld st w o

MM Ao

e

- 732 -




w3 T24 SIMD ZHFE Abel 4]

A&l WY Holgy dwalF

= HolEo] (i, yIE o|folxmg

b = Blogh + 1 (2)
of drh 2HER FA B4 dae Fi

Teomm = 18NlogN + 12N (3
o] ¥y, 7} PE7F ®RE 3 orglel o s #Hy
ONWHe] T odde) RE AatEsw | yile Jed
T Adojel stunz

S = 2N + 3logN + 1 (4)
| =7} g}
M A=A WE deoldsy daua|Ze Ak

Mergh WM od e Z PEYW ¢ Ao iz
ggste] HEistd 71®e dines da z PEY

mxmAe 2 HEE YRHoEM o 2 U= Q4
oA dMAE Ao dHolgdel HsHEE &y
. 29 2004 B ubsh Zol, e Al 2o o

% 2 PRl mxmihel 34 UL BIEY, 7} PEC
AyAA Y e A welF AVE FAY
B ogNol Fddlag) el ANE B wUT de

ghekEl gpomf gl
) WP EE Qe
vhel g agtehg A A ER o) dabe dFe Fuw
atd R (erosion) W HOE B 5 ),
olgA &W T AF JEe APy HaE Y
PEE2 0% dEFoz 717 A o i
B : 2 AJFol sEte glagel sl gle
iz old #Hidn dolgd s TFsh Fojof &} o
: ) HEZ HEenAld Fogs4 g
Act o) Y HEx 7 g 4R FpHa
FEHe PESAAMY HEFDZ #Heojd
Hel S7bEe delg A

27h w5 T ARew Po)
seg A% 24 PE: &

%';-!_ W

*au A Ab =} ﬁﬂ! Al datel #ubd 2z PEE @
e mome B4 AgE APsim, dite As
Zrql RS 7I-XIJT 4 AN —’FE‘H}E}. o] 4
a2 7 PEY dhube EMPIU* st syEne
Levialdizt #ieb#h izl poldtrh H4 odike] wy
Fib y7t BT 0ol ® wHA| o] A4k ukd faga)
a1, FA dakel #Uw Aed gy g2 wyes
gojEa Hudli=d ey Hotel P g4 oo
A oAlergt W R o gl Sk el B A aE}
‘U9 PE %, 7F oA il sty e ggne
PEe 7|5 #flo] -8 #sfaf Folok &7] v o]t

Input image
A4
Flag of cach PE = 0
A 4
Assign m® pixels Lo
vach PR
v .
O<(# ol 1-valued Yes
pixels)< m?
v
Flag = 1
Nty "
-
v
Sealing
A4
y =1
'-1
Shrinkiimg
A 4
¥ o= vtl
v
LEnd of Nes
shrinking(All PE
has ‘0 7
Yes
v‘
Conventional lobel
propagil ion
v
¥y = y—1
v
v o= 1 » Nos
Yes
b4
Boudary Tabel
propagation iu
[onr directions
v
No
Flag =1 7
v Yos v
Taking (he Erase the
propagated lahel propagated iabe]
el
SIE 20 Aehdl MRl WY deliy

o gi 2]
Fig. 2. Flow chart of the proposed scalable

o] BEW

parallel labeling algorithm.

o] ul W2 o]y HI HA syeisy my
{dilation) l’}é SR %l‘- olejdl #Holg M} oAat
o] ghHs FupA Zk o vE'OH rhff}ii g 89
e }’E%i- TF PLI-—J el g& 71AA FHk o1
og Zt3 ¢l PEs) %%‘ﬂi’l‘.’i i g4

- 733 -




1998 £ B A MR T I RE BRTHELLM A & XK

B 21 % £ 28 9811

& 1 PEW 7HY
gk,

dell2 xpile #HolBEE 7HAA

Horgh wryd iz mel g i"éi}gﬁ”ﬂ
oz vAE w4 GHE Aol

s H!JL5“ “zg' ll}i mHHLT: i
Soelnh uE Ew e Aavle] IS
dghet wy e 1E el wid e 2713
Foly A @2 AF4E VHAEE 2131 A
d 873 EF I/ms 29 5 A weld
8 HAg AEsE PEY $R mnE %%

V. Al Eele]ld 2o @ 1@

J1E e wee W] Alw s vaEi] Hal 64
«64 z71el ol e delM ]lE dabel ANE
sigstn, ¥ 7} PEOl #Ess dae 58 AR
HA dgstdc V&0 ¢ndFES 4 #’- A&
PE 2o} weld |4 € 24 M8 4488 3713
of 7h7) b2 A7]#) Gl dE mel @& HH“H 7}
WA gEsta 1 d¥E 19 ® 24 Jebdsich

o P B e
Table 1.

each image size

7] Wglel wiz Fa HFgns 8w
Communication complexity comparison for
{Unlt time]

TConventional | PI’GDOHLd
algorithm i algorithm
v e LI 20T
e o 1 2 4
Tmage size T~ [oe -
- 61 1 7680 3268 1348 |
P _Tesa . 3268 |
- - [ 7634

T2 949 A7 @3] wiE Aak B2Pgwe v
Table 2. Computation complexity comparison for

each image size. [Unit time]

Cenventional: Proposed
R y algonthm | algorithm
T ™M 1 P
Image size ™ ¢ ‘ L | ]
T AdeB4 236 150 | 66 |
o8I - .o 130 |
256 < 256 - .- . 258

F 1% K 2004 Rl vheh o] 64x64 wlH BH
oAl 71E shElBle gl 128x128 R 256x 256
21718 4L dojBe @ 4 glont g #HgelA
L 128X 128 'L 266%256 2719 el dAHE dE

How dolBae @ 4 sk £ A EFES A
4 #HEE 4F AF mel wrlHAHRE Fd £ 3l
=3

V. 28

¥ mgo i disg SIMD #HFE AelA IR
AALE ol gste] Aate] zvlel uie AEHFHe 4P
olZdl wmAFL AUIAAT M FzAFelME
gatel zmrlel Wt mxmAe %4 YEE T PE
gsled shitel B4z Wistd HAgezs Umd
AN 24 AR 92 5 fenz A Aunm 7
PE’t Ui ste dyde 32 HE g9 & U5F
s, Algdield FAat NxN @718 o4l dst
pxpidel disg HFe delA 2 PEZ mxmrlel
BA5e B9#Me © PES7t 24 238 PEUS
AN EFsEE 247 HPlogP) ¥ OPIEA 71& 94
ol v# I/merE 2dew, 2t PEY 98§ vre
A OPIE FY F U zeln dA AdE &7
flsl Was PEY = 2189 NI P -

ONY/mh2 29 4 itk 3 98 4o A 7
& NE Qg mo e Mz eI PE QEEA

#A4Y % Yeps Wee gl PE A5 W
2 glel o2 A7io) YHE UHHo dolE ¥ &
siet,

HaER

(1) S. M. Smith and J. M. Brady, "SUSAN - a new
approach to low level processing,” International
Journal of Computer Vision, vol.
45-78, May 1997.

[21 H. Shi and G. X. Ritter,
image component labeling with local operators on

23, no. 1, pp
"A fast ajgorithm for

mesh connected computers,” fournal of Parailel and
Distributed Computing, 23, pp. 455-461, 1994.

[31 R. E. Cypher. J. L. C. Sanz, and L. Snyder,
"Algorithms for image component labeling on
SIMD mesh-connected computers,” JEEE Trans.
Comput., vol. 39, no, 2, pp. 276-281, Feb. 1990,

[4] H. M. Alnuweiri and V., K. Kumar, “Fast image
labeling using local vperators on mesh-connected
computers,” IEEE Trans. Pattern Anal. Machine
Intell, vol. 13, no. 2, pp. 202-207, Feb. 1991,

[5] H. M. Alnuweiri and V. K. Kumar, "Parallel
architectures and algorithms for image component
labeling,” IEEE Trans. Pattern Anal  Machine
Intell, vol. 14, no. 10, pp. 1014-1034, Oct. 1992,

[6] S. Levialdi, "On shrinking binary picture patterns,”
Commun. ACM, vol. 15 no. 1, pp. 7-10, Jan.
1972,

- 734 -




