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A Study on Improved Image Matching Method using
the CUDA Computing
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Abstract Recently, Depending on the quality of data increases, the problem of time-consuming to process the image
is raised by being required to accelerate the image processing algorithms, in a traditional CPU and CUDA(Compute
Unified Device Architecture) based recognition system for computing speed and performance gains compared to
OpenMP When character recognition has been learned by the system to measure the input by the character data
matching is implemented in an environment that recognizes the region of the well, so that the font of the characters
image learning English alphabet are each constant and standardized in size and character an image matching method
for calculating the matching has also been implemented. GPGPU (General Purpose GPU) programming platform
technology when using the CUDA computing techniques to recognize and use the four cores of Intel i5 2500 with
OpenMP to deal quickly and efficiently an algorithm, than the performance of existing CPU does not produce the
rate of four times due to the delay of the data of the partition and merge operation proposed a method of improving
the rate of speed of about 3.2 times, and the parallel processing of the video card that processes a result, the sequential
operation of the process compared to CPU-based who performed the performance gain is about 21 tiems improvement
in was confirmed.

Key Words : Image matching, image processing, parallel programming

1. N2 Ragons Waxe Zeagde] Zade 44 o
AX AL k. Gt ElelE 9] H(Quality)o] Eobzlel
Multi-CPUSH GPU®] tz3iof Feje] Z2AM7E  we} GPUE 292 ik A] B2 812(Pixel) Hlo]E]
*Corresponding Author : Taebok Yoon(Seoil Univ.)
Tel: +82-2-490-7441 email: tbyoon@seoil.ac.kr

Received October 26, 2014 Revised(1st January 19, 2015, 2nd April 7, 2015)
Accepted April 9, 2015 Published April 30, 2015

2749



el eotsle g A16d A4, 2015

£ HEHow Asy] 98] Fole #5 AHH o
A FIHA 28 =(Thread) S AH&3H HEX 22 A
A eEE g4 0% IAA St o]FEA T
718k ~E2|H Alake] E3tE GPUY At 5L A4
CPU tj¥] st @Eﬂ 45 $9E ARsA =g

1& a73k= AFelA GPU

ﬁ
Jim r“‘
ok

ov|, 53 Be Aug 4T o= 3}
S ot 9 ool CPUS thAlste] we
QU &5 welFa gtk S B84 GPU xE

e E 3] AN stelzelel 2 ojststolof s
FAZL BAR oleld EAE A fstel

NVIDIAAIAME 2818 Jl=o] GPGPU (General
Purpose GPU) ¢}7|€1%?] CUDA (Compute Unified
AlEate] gho]zels AXA
%31 GPUE |8 = = 229 7S Alest
o] GPU FZxo| tigk #2o] glo]= MFC(Microsoft
foundation class) $H78elA 1Y 7l=E o435k ¥4
A N B34S A2

GPUE 12§38 A& 913 AZH ] voleE ¥E
Aoz F3qst=t A3} Ao GTS450 19271
o] 2E¥ ZEAME 7L 9tk CUDAE Clof9l
gFoz AAE »e=9 GPU MRS A% APIS
Al&3tH GPUA A3 HEE 2dH #Ad (Kernel)
S2E PCO & ofaiA daErh 94 WS Hla
A ek daglFol Ak ﬂﬂ‘lﬂ Fol wol 3 Azt

gtk CPUREO.E 374 v

Device Architecture)S

A

-

Alo
a

E(adjustment) 74]401] UDAE

2 =R Al AHE3H NVIDIA 1819 7F=(GTS 450)

= 192719 2E9 Z2AM(SP)S 7HA 2L 9o 3270

¢ SPE 7HE ~Ed HHIZAX(SM) 470E 7HA]
[e]

Aot We] Agsg oz 9AA] (0S)= Windows
XP Service Pack3, CPUT AMD FX6300 Six-Core),
v 22] 4,00GB, T2 & Visual Studiol0, 2]l
NVIDIA CUDAQ4ES] stedoj]l a8y Jl=s

2750

GeForce GTS 45002 3}tH3]. & =fdAe Be
dAike]l ot G v duEFdd HE A 7IHES
AE&Fro 2y daue]Fe 849 G LA =
o AL 28X 9wl I CUDA At
o] @ diste] 7lestdtt 37 oA A 4
Fol tiate] Meatdlal HE 4FelAE A A3 3

GF AT dhstel A&
1
39 43 /1% RSl B sl 23 ol
q A

73
oA 7_11,211:;. -ZHH oull, 28, 41, 6w,
o] A} s gk

Fig. 1. The object recognition size conversion

B f AR 2719 AAE Q)

A7) BN 4 4(f ), 8 % 8(fg)= Tl A=

(Sampling)& 3}513 WHY H9-= 2, 1, -2, 4, 8% T}
& AEYS 31 A . gy gAde] 194 o
o], 1024 x 1024 34& AAE sl & sl AE
g 58 A A 13 2 3 A8 o kg
2 A AEY Dol q @2 o gy S48 &

Ale} grolct.



27 #4(Connected Component Analysis)

(Left)?} £A17+e] 7HA(Spacing) #hs 2+

=
=

et

ko] A&
olo} 3

i=
RUS

il
K0

-

8o

P ={
-/

-

-
L

(

Spacing between characters

Longitudinal axis of the first character(Left)

A Apole] g 9142

o

Fig. 3. Extraction of character spacing

Characters Top

s}
=

o, A4}

=

BERE

Q

ST
=

AR} ool A )

1
olxe] G AEL A

=}

A5 A
2 re
o A5 AnE A a

o

A A

1

ToH
[z}

in
‘mvo
mm
0

K
el
—_

go

1

ke
el

B

]

)

N
A

o
3 tole] v

3

=

ig. 59 o] A

A

=

=~

|

-+
%

N/

7HA 0] 31 Fig. 4

o))
iy
2
2
s
s
3
&
n@o
NS
—_
vA
sl
el

=
ale

P
|, -7

Fig. 4. Case of character-based segmentation
).

<1

4]
ARt

o

Al
=g
=

=

T AANA 710
(Distortion)©]
o] 71871

=

o] 71%0l7 BEE Fig. 29} 2]

Itk Gl sl

[e)
X

HZ(Top Angle)@ 9Z(Left Angle)

5 7740] A
2AI7} 0y

s 9

= %

F AR GA

o

N

O] THS.
und

o=

~

%

o

A} Eofol ] o)

A

T
N

;"

AFs Al

o
=

3

3
b d

4

S

r
L

Fa

]

L

un|

Fig. 2. Tilted image correction and image
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Fig. 6. Area of the modified text
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Table 1. Round and labeling calculated

A C i
radius
0.750 0.675 0.710
(mm)
circle density
9 2.250 1.822 2.016
(mm’)
circumference 471 4239 4.459
(mm)
1ab§lmg 363.0 187.0 103.0
(pixel)

CPUS oA A= 28| =(Thread)= A SA
Azt T2 A ARt e ~E =] I
F¢} CPU9| 3] 47t wdatd #HA 9 288 Yeh
ARk, F0]9] R Wol W AR AR ~YE
7b B2 Ho F&o] "olxA wth

CUDA%IA 9] ~¥ == CPUS 233 #4s Bat
sk B39 Jlyde] WaEo] vt CUDAYE 183
et w3 E 5 Q= A% ol g
A= o] F10]of A7E Y o)

A
dlolE7F $l& B9 BeAdo] WolAA g A=l 7l

E. Pty ]I:7]_



CUDA @4he ol&

(w]

Formula results

¥

Streaming Multiprocessor (SM)

Fig. 10. One image per thread block allocation block operation

FRb AL sl R e s o7t
At GPUE UH A ti7]she ~d=s AHelsl] &
F SS9 4 Qul1]. GPUS ©]&3 CUDA
Sl

s

(o)
ARS FFA QI

o] EAZ CPUS GPUZH| W=
F ¢ith. GPU ¢4k H¢l

pul
[e]
RS

sko] Aret ol 52 2 5-E
dlo|ElE & wre} ke FFestoiof gtk
tole Aol wE X (Delay)S Zo]1 A4ke] &

£& wol7] S84 Hzae] dlolg wo] Yofio}
3] CPUE GPUSIA 212 4 9l Adh 839 o
o[BS Aok Fek. AT Shte] FH MRS
2 mzaddd BUT 49e Wy Qg & 3%

Fig. 113} 22 7 A} th(Race Condition)t-#]7} T3}
o] CPUIAFCE 7k ghate] Aol 7} wAE 4= glrh

[SIR=%
PR

load save
Thread 1: +10 _.[ U <110 I [ num =110 I

sum = sum + 10
save

Fig 11. Competition process occurs

load Thread 2 +10
sum = sum + 10

oleigt B4 FelE sAstr] flsiM= okE= (A
Arhold el AAS o]-8-8te] Fig. 129} 2] &
7] 3K(Synchronization) & Yt oF i},

Gyl WAl 7ko. 4hel olALS: olE ] 42 o] &
st H3ek <dibe] e ALk AYEE AHS
ol &gttt ¢ Ao 4w & 7HE 44 oWAE sht

25 ez Agstel AEAel dole s AgsEs of

EY 35 o] gele] AASATH12].

load save load save
Thread 1: +10 Thread 2: +10

Fig 12. Resolve competition problems with synchronization

Zt7ke] BEGS v 2y gk dibe]l £ ¥ F
713} =2 AASle] ShH0| 4712 o]n A= Fig. 1032}
2ol 47119 SM7F FAll A4t gt CUDAIARS] A
o} CPU7IRE] A4t AR7t 100% dXIske] A3
(Race Condition)FAE 312351t 13].

58 A} olo] B9 EAE HlaiEA dle 7H
AYETE 22 A9 gs Zeth APEE 245
A= e At o2 Qste] S5 7hx] S8l AlZke]
A e A7 ek W Aaks 817] HEke] & =il

A= GPUE o]&3te] AtE it

Auba ol 1= 9] & 7 (chapter)oll= FF 2,0007H
o &aplo] glal CPUE ©]&3te] AP=s ANE 7
9 9F 3%9] AFto] A8 HUTE B =] AHEES
10 70e] 45 dido = oF 20,000 AFe] oS 7HA]

7 S 1l
AF3gith Ad sy o g oy vl=e] W¥E A4t

2753



A &esl=EA) A16d A4T, 2015

7 CPU¢l WE A4S Hlaehy] flske] FX63003%
GeForce GTS 450 1|¥7}= Z12]3l OpenMPE -5
& 1% FX63007 vk F5& 7 9l 1E s

2500 CPUE A &3} th. OpenMPE & W& v

ZeAAe] HExeE Fad ¢ JES o 7)e
A45 Hol g 9 ARAHET A

OpenMPE o] &3+ 21 Aajx A 22| o]} AXA
HEF AA A T ZRAA ] o] siprt
T 9 ¥ dolHy Ajstes &

T st 7} 3o
Wi ST 14]

w ol A whE daese 4e A
T Bk Slske], SdE Gl skl <14 At
£ L2333, Table 28 W Al 74A] WA BF 22
A Ee] SA ] 24 /1A e Al 7 Y B
Aas g stk

Table 2. chapter char recognition rate

Item Alpa. CPU GPU Open MP
1 chapter 2,000 92% 92% 92%
10 chapter 20,000 88% 88% 88%
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Table 3. Comparing the execution time of the CPU and
GPU computing

Item Alba Time (msec)
pa. CPU GPU | Open MP
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msec msec msec
10 chapter 20,000 29,300 1,395 9,630
msec msec msec
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