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Proposal and implementation of simultaneous
connected-component labeling of the binary images for GPGPU

HIROTO KIZUNAT! HIROYUKI SATO'!

Abstract. Connected-component labeling is one of the most fundamental algorithms in image processing, and
implementation with various algorithms and architectures has been proposed for a long time. The connected component
extraction process is a technique for extracting connected pixels having the same value. It is mainly used for extracting products
and noise areas for abnormality diagnosis of products using optical images. Especially, in the noise removal processing after
binarization, in order to extract a region which is originally a product, connected component of the background is extracted. After
that, the connected component of the foreground component is extracted and used for diagnosis. In this paper, we propose a
parallel algorithm and its implementation for GPGPU, which can extract simultaneous fore-background components of binary
image in filling a hole process. We measured the execution time of the proposed method on Jetson TX 2, an embedded SoC made
by NVIDIA Corporation, and the performance of the proposed method is improved by about 5 - 22% compared with the
conventional method. The execution time of the proposed method on the GPU was about 1.15-2.4 times faster than the execution
time of the conventional method on the CPU.
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Figure 1 Jetson TX2 Module and Developer Kit
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Figure 2 Example of Connected Component Labeling
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Figure 4 Propagation Type Connected-Component Labeling
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No. | Algorithml search neighbor(t, n)
1| return(m # Oandt>n)?n:t;
No. | Algorithm2 propagate(p)
1| o<-L[p];
2 ifo # 0
3 g <- search_neighbor(L[p], L[up(p)]);
4 g <- search_neighbor(L[p], L[left(p)]),
5 g <- search_neighbor(L[p], L[down(p)]);
6 g <- search_neighbor(L[p], L[right(p)]);
7| g<-L[L[L[L[g]]]:
8 ifg #0
9 atomic{ L[o] <- min(L[o], g); }
10 atomic{ L[p] <- min(L[p], g); }
11 end if
12 | end if
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No. | Algorithm3 rewrite label in sequential(p)

ifLlp] # 0
1<~ T{L[p]];
ifl<-0
u <-++i;
T[L[p]] <-u;
end if
end for
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No. | Algorithm4 set unigid to lut(p)

1 | atomic{v =T[L[p]]-1;}

2 | ifv=-1

3 atomic{ u = ++i; }

4 atomic{ T[L[p]] <- T[L[p]]+u+1};
5 | else

6 atomic{ T[L[p]] <- T[L[p]]+1 };

7 | endif

No. | Algorithm5 execute CCL()

preparetation(p);

syncthreads();

for idx in range(MAX NUM _LOOPS):
propagete(p)
syncthreads();

lut_update(p);
syncthreads();
label_rewrite(p);
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OHIENL 2 BRI LV HERREZR DT, LUT 1T L TH
W9 27~ ID AT sl BR AR < 2 =—2 2 ID I
XX TND.

No. | Algorithm6 search neighbor2(bt, t, bn, n)

1 | return (bt"bn = 0 and t>n)? n : t;

Z
e

Algorithm7 propagate2(p)

o <-L[p];
g <-search_neighbor2(B[p], Lp], B[up(p)], L[up(p)]);
g <-search_neighbor2(B[p], L[p], B[lefi(p)]. L[lefi(p)]);
g <-search_neighbor2(B[p], L[p], B[down(p)], L[down(p)]);
g <- search_neighbor2(B[p], L[p], B[right(p)], L[right(p)]);
g <- LILILIL[g]]]]:
ifg # 0
atomic{ L[o] <- min(L[o], g); }
atomic{ L[p] <- min(L[p], g). }
end if

SOOI WN =S

—_

Z
e

Algorithm8 update lut2(p)

if T[L[p]] =0
atomic{ v =--T[L[p]]; }
ifv=-1
atomic{ u = ++i; }
atomic{ T[L[p]]<- T[L[p]]+u };
else
atomic{ T[L[p]] <- T[L[p]]+1 };
end if
end if

OO0 WNHhWN—|?

4.2 Y REREERS ZAVEREHLE
AFTIE, 4.1 FiCHE L7 aii SR REE R ko fh H s
BEHW, 34 fioREOMEEREICONTIRET S, i
DD, BIEED T~V ORREMEIL LK 7 %8
WTCRBAT 2. (a)ld 4.1 100 iR 7] B sk 4o il Ho 4L e
BT T~UVIEBTH Y, Tz R E o0 HIE &
T5.(@NPOMIZHD LAHEFE T4 0T v 7 R34
Koy DZ~v 1D ThbdH. £z, BT S LHHOM
WAL DT DIZ T~V ID ([ T#E LT 5. 7ok, ZoORED
ALPRIE, 3 CITHITE SO MRS o W 7 D T ~ VR
$HUTITH. RO GRS I RS Th D03, 7LD
EAT D RO X T RISy & 72 5 2 & TR D 7
)V ID EHRAETOIMLERDD. LRI, T Y XL L
ZIHDOMEMICOWTRT.

Stepl. Rl 5cAR 53 O AR R K OV SIS S ar il
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LlesER |ESEE 74— vh BSRLETSRIL)

c) INILL BIRSNILOERE @ SRIVL(EERT)
Bl 7 /&I R O R R AL ER
Figure 7 Foregroundization of Small Background
Components
KA ER S OEEROE A NS AREHT S, 34
BB, A RRSHFOE A N T AEFRHB LT
L. ZhUE, 41 iRtk FriclZHid s C i Lok
TV ID ZRIGSE DD THL. T-UVEBICHD T
~L ID 122 0 LUT O#ifE 7 ~L ID 7—7 % Ay,
BT EXR—IZ, AN TAEHTS. OB, R
DHDEANT T LEFETDHZ L HAERIER, 2 HEf
A LE LT, FEREAVERT SVHEE T DM
DD, FHERFERBOZLE NS TTA TR MV %E
JlE#Z L, SIMD HE CII#EEDT —# 1%t LCTR—?
WERZATZ 722D, HEMREDSLOFERICK Y 155
FOEH, B EL A NS AREHRT S,
WA ATE oAk oy i S A3 BB L T C o X M 5% m oy D
H7 7 ZIZ TRUE 455, (b)TlE, JURDT 5 Rk
X Filling” EFE# L TR Y, {L3,L5}ThHD.

Step2. /s S W F RSy DRiTEAL

WA FE ORI RIFRE LGk 2 2 HEBR 2 HEEH L
L. BTV OREHIERR L 2 EBEBILE CR TR S
NTW5. Lo, 2 HHEE L& T~V OFGHIE R
Riovy MNEFICEKY, ARSI TVD 2 il
B AIREREEXNZAD ZERAETHD.

Step3. A & 7 ~ L OFEE TR
Step2 IZEBWVT(b)D L3 & LS 7 dl = bk L

7228 LY TUL L2-L6 1T R_RTCE— DRSS & 7D

LU, FSIEENFNRR LT~V ID 2F->TEY,
IHSE—ES DR — T N EF—F UL ID ITHET
HMENR DD, T T TEE D OIHF— T SV ORET
WERET S, TATY X L% Algorithm9-10 277,
AENZ 33 HiOBETALTY XL%IEHMLTHEY, WFNC
FEFLTHOELWRHRICK D L 9B STV D,
Algorithm10 T 4 55y O G5l R o RSB & ATV,
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Algorithm9 1ZE DR T LT Y XL THDH. Uikl n3ai
BTH, MH, YTV ID XViET L ID O N
INE TR, NS WVITEET NV ID 2T UVID £ 5.
FAULID DB E BEHZIIILUT ZHWV5. Zo7 L
Y XATIHATER 7~V ID 25 SE 5. &R
EANWEBEEE T LR AM R LUTEER 2773, £72(c)
DZ ) ID Zatl LT pim i, B s B0 7~
VD L LTV D,

No. | Algorithm9 Search Minimum Foreground: smf{(t, bn, n)

1 | return bn and T[t] > T[n])? n : t;

No. | Algorithm10 integrate backgroud to foreground(p)

if Blp]
g <-smf(L[p], Blup(p)]. L[up(p)]);
g <-smf{L{p], B[lefi(p)], L{lefi(p)])
g <-smf(L[p], B[down(p)], L[down(p)]);
g <-smf(L[p], B[right(p)], L[right(p)])
if T[L[p]] # T[g]
atomic{ T[L[p]] <- min(T[L[p]], T[g]}, }
end if
end if

O 001NN A W —

Stepd. i 7= 725 L 7= 7 ~UL 1D RS E 0 A2 ik

Step3 TIafRALELIC L 0 LUT ORISR D T ~L ID % #
A L7z, Z@ LUT IZIXRTRE Sy 7 ~0 1D DRl — P23 e ék
INTWDNR, HEASNIZERRS DT~V ID 1ZFEH
BB TWD. T, Step2 OFEOFITERALIC
X0 BFELF ORI IER L, FOEKICI Y tae D
AR bHEG SND 20, LF 7D MB®% ORI
I BRI R DR T A L 0 b e D, I
KEAER A RPEST D L&, FEERGOR TRH /I N
S~V D ~SEEEND. ZOFERBRSITR/IND T L
ID A& CEft L TEHEEND Z LITRIES N0,
ED, T THIICHREBRORIERK D Z7 V1D %
B L7727~V ID ~EXX 5720 LUT 24K T 5.
ZOTNIY XAE 33 LIZIER—THYH, Algorithmll
VR TIREAS R IC L > TR D= T~ ID & E
7~V 1D OFR—MENFTEINTHY, Z 2 THEICH
TETIE, MBES Lokt 7~/ ID & Rismlisr ~o
Friz e 7~V ID Ot & k9 5. 7ok, 3.3 ToH
7~V ID OWFS &E, AP CIERTTY S ksl
HREDRR T XN DT _XNVEHF = v 7 23T+ T
H5.

No. | Algorithm11 set new unigid to lut(l)
[y =o
2 atomic{ v =--T’[T[l]]; }
3 ifv=-1
4 atomic{ u = ++i; }
5 atomic{ T’[T[l]]<- T’[T[l]]+u };
6 else
7 atomic{ T’[T[l]] <- T’[T[I]]+1 };
8 end if
9 | endif

Step5. fiA L 72 &R EL Ay ~ Dl L7= 7~ /L ID O
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Stepd THER L T'&AV, T VVEIEE HiT- /8T
~YLID TEEXMHZ D.

I bOFRIEEMT Z & T/ WE RS &R
BHAL, #EE LT L ID IZEXb o T ~LH G
%H%ﬂ,Aﬁ@ﬂﬁ%mTﬁé.it,&4&ﬁ%@7
~VHEBREROND.

5. REESHE
AT T, R TE AR R FIEIC L 2 A S RIRRE L
ST & 2 o D AL ER oD AL RIRE R 0D i AL SR & BRI R

IZOWTHGEEL72. GPGPU FEIEDORFEIZIX NVIDIA #ED
Jetson TX2 ZFHT 5729, RIS ZBREREECTH

% CUDA (Compute Unified Device Architecture) T3EHE L 7=.

5.1 R R

FATBREEIX, Bk TX2 T CPU KT GPU b THEE L
72, £ 1 ICHEERBEZ T, 3281& 33 ik 2
KOMFEE S A% CPU L TEIELZE 25, (i
i@7X5m@ﬁ#m@t0ﬁ“%@ﬁ@CNLhT@Aﬂ
WHEIENIE, T A X BGERE R AR L.

# 1 EBRERE
Table 1 Experiment Environment
Jetson TX2
CPU Cortex-A57@2GHz 4C
# GFLOPS 16.0
GPU Pascal@1.3GHz 256C
# GFLOPS 665.6
(O Ubuntu 16.04 LST

5.2 HIER2SRILDIEEE FORIT

AfH TOREFETIT MO AH 2 JT RS O A
Lo THET D, ZOHEFIET 4.2 TR &0 R
BN TORNF VD 2 6fEIELZ L TRERTSES.
LaL, ZORMIIK 8 DXL 9 ZRETE SIS BN AN T

o T2 ERIZ ?olz\’C BN ETIIRNANTO T~ ID H
BANTH DG, AT ORITERS ﬁ%N&#ék RN
T@@FW %“%%Aéﬁét T N-1 BMERE 2 3t
DD /k}éﬁfb‘bﬂ iﬁ{%fDEJ:b bHETF~DT A%
Ax v NI BT, BT IEOERE MaiEE e TT5.

X 8 An+mHk
Figure 8 A Nested Image
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BESETTHIOIZN-1 BEGEEETLIMLERHD. L
2L, AfsTRIHTS TX2 O GPU A s8I TR A
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ST, FHBEEETDHXAILINTND LT, &
727~V ID I K BRI D TREME DS R .
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WA L T2 T~V 48 i S il sy 23 IR 12 8RS T
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53 FNIEHAE QMM & HiE{LE

RTIEE TX2 ETHEITLBOMREREM 2% 2 128
. PR F AN WV S RGEEER I, R TR L
BEZWET G 5 KL & AEARICAER LIz AN i 2 f %
W2 & 2 O Image FNITEB T A X2~ L TEY, £72,
TNV EMAIMLTH L. UBEORIZBOTHEGY A X%k
TEIFZOT v E WD, BRI A E S L TR
HDALEE % 100 [BMFEIT L2 THD. BT T T~ A
s THD. H—RILT UL OWTIE, ERFIED (K,
K2, K3HIEN N, BEadibpofhl, 2 Mo r3f s,
AFCEAE A XIS L TR Y, #ERTIEO K, K2HiE
ZAEN, A sFRREE R, RO RIS L
TWb. £z, MEOHA L, FEWEOMIRNIX4 5
BOWHZRE TN D, BFEBOBEBIIAE T 45T
REL o TEY, BRE{GY A XITxh U CTBEEER 23
BFILTWDZ ENRbnd., £, BEFEICLLEELE
BF IR, EEART -2ty b THDIEBBIZEND

TIEKR 17-21%R B, ANLTHEBIZHB W TS, Circle 1349
15-22%, Rectangle 159 5-12% 2 ABEREM 2 WEd 5 2 &
MHIET-.
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#: 2 CPU & GPU TO IR MLERIFR] (us)
Table 2 Fill Holes Processing Time on a CPU and a GPU (us)

Image Leaf Avg. Circle Rectangle

a A) 480x270 3,633.6 3,351.7 3,414.8

gz % B) 960x540 9,321.5 8,361.5 6,909.0
Q %’} g C)  1920x1080 28,038.7 27,148.4 23,304.0
c & % D)  3840x2160 99,456.2 95,316.7 84,855.2
E) 7680x4320 380,125.3 393,415.9 330,016.9

a A) 480x270 1,962.5 1,854.3 1,749.1

g =z % B) 960x540 6,117.5 5,559.4 5,006.7
% :é % C) 1920x1080 22,367.4 19,548.3 17,540.9
ce % D) 3840x2160 91,618.8 79,173.4 70,551.9
E) 7680x4320 363,128.6 318,005.2 283,795.9

A) 480x270 1,671.7 1,526.1 1,565.1

e = 'ad B) 960x540 5,062.3 4,648.8 4,554.5
% %E C) 1920x1080 18,945.3 17,010.4 16,677.4
cag D) 3840x2160 76,946.2 67,715.1 66,350.2
E) 7680x4320 300,001.1 262,055.2 256,156.8

#* 3 GPU TOUERAZRE THEO R W =l b (%)
Table 3 Acceleration Rate of the Processing Time in

Conventional and Proposed Method on a GPU (times)

Image Leaf Avg. Circle Rectangle
A) 1.174 1.215 1.118
B) 1.208 1.196 1.099
C) 1.180 1.149 1.052
D) 1.191 1.169 1.063
E) 1.211 1.214 1.108

x4 PERFIEDOE I — 3 VALEERF ] O 5 A LR (%)
Table 4 Occupancy Ratio of Each Kernel Processing Time in
the Conventional Method (%)

Image Leaf Avg. Circle Rectangle

Kernel | K1 | K2 | K3 | KI | K2 | K3 | K1 | K2 | K3
A) 33 8 42 46 10 43 32 11 57
B) 33 6 45 45 8 47 29 9 62
C) 31 6 47 45 8 47 26 9 65
D) 30 6 48 45 8 47 25 9 66
E) 30 6 48 45 8 47 25 9 66

# 5 REFIEOR T —F VIR O 5 A s

Table 5 Occupancy Ratio of Each Kernel Processing Time in

the Proposed Method
Image Leaf Avg. Circle Rectangle
Kernel K1 K2 K1 K2 K1 K2
A) 60 23 73 27 70 30
B) 63 20 76 24 71 29
C) 65 18 78 22 72 28
D) 65 18 78 22 72 28
E) 65 18 78 22 71 29

6. F&EH

AR T, GPGPU [7) AT S [RIF LS A 2o il H K OV
HDMB O H T N T Y XA Ol b FEERE L.
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