http://dx.doi.org/10.14400/JDC.2014.12.6.231

> At SEARFL. 9] =
2| $5 4= A3 OpenCV CUDAE
243 =2 99 As
OIEfS[, BEH, 835, HYY
Sttt MALSAIZSIL, StUthstm MAMY|MOjAISS St
Stfhstm MASAMIZEL ", Sifthstm HMAISAZET

A Road Region Extraction Using
OpenCV CUDA To Advance The Processing Speed

Tae-Hee Lee*, Bo-Hyun Hwang**, Jong-Ho Yun***, Myung-Ryul Choi+
Dept. of Electronics & Communication Engineering, Hanyang University
Dept. of EECI Engineering, Hanyang University
Dept. of Electrical & Computer Engineering, Hanyang University***

Dept. of Electronics & Communication Engineering, Hanyang University+

2 of 2 =% TAEPO 7|t A WAor ey F& WAlo] tfHlo]X(Graphic Card) 7|8 ¥
g A2 PAE FRIeRN Ho i A2 £E8 THe =EYHHEES AUkl OpenCV CUDAE 7]E

o] OpenCVS} CUDAS @gstol Wa Al W49 e §4-5& Agth E3F OpenCVE} CUDA A% 4] 87
470] SFl OpenCV CUDA P4-5& AMgA] Tivfolx(Guphic Card) ARpe] HASIFI mets] OpenCV
CUDA AHg& uelZ 4% o ABdold 23 &9 §ol4s AW AHE WS OpenCV CUDA 9t
NVIDIA GeForce GTX 560 Ti Rglo] Tefo 722 Algale] 7|& vl 3,008 WE g 252 7188 A3
& B3 A5t

ZH|0] : GPU, CUDA, OpenCV CUDA, ¥ |z

Abstract In this paper, we propose a processing speed improvement by adding a parallel processing based on
device(graphic card) into a road region extraction by host(PC) based serial processing. The OpenCV CUDA
supports the many functions of parallel processing method by interworking a conventional OpenCV with
CUDA. Also, when interworking the OpenCV and CUDA, OpenCV functions completed a configuration are
optimized the User’s device(Graphic Card) specifications. Thus, OpenCV CUDA usage provides an algorithm
verification and easiness of simulation result deduction. The proposed method is verified that the proposed
method has a about 3.09 times faster processing speed than a conventional method by using OpenCV CUDA
and graphic card of NVIDIA GeForce GTX 560 Ti model through experimentation.

Key Words : GPU, CUDA, OpenCV CUDA, Parallel processing

© The Society of Digital Policy & Management. All rights

Received 4 March 2014, Revised 14 April 2014

Accepted 20 June 2014

Corresponding Author: Myung-Ryul Choi(Dept. of Electronics
& Communication Engineering)

Email: Choimy@hanyang.ac.kr

ISSN: 1738-1916

reserved. This is an open-access article distributed under the
tierms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by—nc/3.0), which
permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is
properly cited.

Journal of Digital Convergence | 231



Mzl &5 P42

2|5l OpenCV CUDAE &

ot =2 oo 7

T

1. M2

129 7}=(Graphic Card)¥ 1813 ZZAA(GPU,
Graphics Processing Unit)} WI=2]& 7}A3L 9lom
HIFEA atse 29 #d 5 A5y didss
F2 FIIAt [Fig. 11& 282 Z2AX(GPU)S 91
CPU®] A%t A2 58S nlugh 2 ow ofn] GPUS 4
T CPUS ¢&=star glrk

Theoretical
GFLOP/s
3250

3000
NVIDIA GPU Single Precision
2750 ——NVIDIA GPU Double Precision
5550 —e—Intel CPU Single Precision
~——Intel CPU Dauble Predision
2250

2000
1750
1500
1250
1000

750 Tesla C2050 Sandy Bridge
500

250 oo S C1060 pioaiei

o e Wit
Sep-FFNUUM4  jun-04 Mar-071aPertovn peh Aug-12

[Fig. 1] Comparison of computational power for
NVIDIA graphic card and CPU

GPGPU(General Purpose computations on GPU)7}
28} @ 38 Rolo| A F&3s| FAEm gy} E3
GPU®| F2& 22 Z2AX 9] wjd=2 o 9l7] o
o W QoA BAT Y5 nelFw gk 93
b odlolE] FE 5 7R il oju] CPURTE 11
A7) 7Vesty, oAl B4 e JRAT T &
o] Tha W

],
Pz BAA9e ‘Q?t“»}_ =
J 2

[!:

oo I r2 Mo

SATHLL.

éﬂﬁﬂ—
-
“>i
9
>
S
>

A#] 723} OpenCV CUDAS]
HE 71E CPUACI A S 229
3h= CUDAZ 248 =299
Gk 43NN 4 AE wolF
N AL wet}

21 =

o _18

2. §8 x|

CUDA= NVIDIAS] W& 2579 of7[HA 2 Hojd
GPU A5& o83 #AFE Ao& T4 FoiFn.

HAN7A ek 7o) CUDA A9 GPUZF w5 9]

o}, E3 CUDAY OpenCVSt 15510) A2 spol 2
urk AR A B3 A,

2.1 CUDA HZEXZ| A|AH

GP-GPURH el 7122 mhe Sz vjae] ol

BE Aalof s mre slmdol ) AFE A Hof
3

SN ANRHL 5 BAE S8 A8k
CUDA Calel ol kel GPUA 8 25794
d A eedolsl axede) TxE W,

CUDAE o]&%t i EO:‘Q“I:] HE2 [Fig. 2]9} 7
59 719ke] OpenCV A5S &3l =€ th CUDAoIA
Al SEEJ 7% Ij(kemel) a‘]—/‘7}_ _'_H] E]U:] 7 vl g
A 2 =(grid) & o gtk 2 =E oA
E5(block) 0.2 TAH L, e E52 B 9
H=E skl A& HolHE st HEA

ApA HoH2l.

-~ ~
CPU/Host GPU/Device
Grid
Block Block Block
Kernel 1 (0,0) (0,1) (0.2)
Block Block lock
(:yaa/ (1.1) 2)
.y
Block(1,1)
__|[ Thread | Thread | Thread [ Thread || _
©.0 ©.1) ©.2) ©.3)
Thread | Thread | Thread | Thread
(1,00 1,1 L2) (1,3)
Thread | Thread | Thread | Thread
2,00 2,1 2.2 2.3)
Kernel 2 T T 1
Block Block Block
(1,0 (1,1) 1.2
\. J

[Fig. 2] Heterogeneous programming model with
CUDA

2.2 OpenCV CUDA

4 OpenCV Z2I13e
OpneCV “g<ll GPU Module #|4&t}. OpneCV GPU
Module®] H3xE GPUE 7FA 1 339 45&
£ Aoltk webd OpenCV GPU Module> GPU 3ol
tHO]_oq g_.gﬂ o] ﬂ 5] kernel) Ag/\—]jl 3157] /\Eh‘sg

(asynchronous execution), BA} &5-(copy overlaps), Al

232 | Journal of Digital Convergence 2014 Jun; 12(6): 231-236



A Road Region Extraction Using OpenCV CUDA To Advance The Processing Speed

2 BAHzero-copy) 9 HAstE dlolg
(Optimized Data Flows)S A3tk T3F the
OpenCV GPU 458 AFsta

[Fig. 3] OpenCV JellA 8 HE A7)} 7y
OpenCV  Host(CPU)  #743  OpenCV
Device(GPU, Graphic Card) #7404 2] &4 A 2 A
gl £&5 gk Aolth OpenCV GPU(CUDA) *E
£%7} OpenCV CPU AE SRR} ofF 1274] A9

ME A £EF S 39 @ ok

= =
R =y

s

=0
%g ==

#include <opencv2/opencv.hpp>

using nam

int main() {
Mat src = (“carl1080.jpg”, 0);
if (!src.data) exit(1)
Mat dst;
2521 ms i (src, dst, -1, 50, 7):
19 ms (dst, dst, 35, 200, 3):

(“out.png”, dst):;

return 0;

(a) OpenCV CPU
#include <opencv2/opencv.hpp>

using nam cvi
int main() {

Mat src = imread(“carl080.3jpg”, 0);
if (!src.data) exit(1):
0.5 B2
0 :
187 ::bilateralFil
12 ::Canny (d

imwrite (“out.png”, ds

(b) OpenCV GPU
[Fig. 3] Comparison of speed for CPU and GPU
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OpenCV CPU Function

OpenCV CUDA Function

cv.:Mat cv.igpu::Mat
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(Table 2) Specification of graphic card
General Information

Name GeForce GTX 560 Ti
Compute Capability 2.1

CUDA Cores 384

Graphics Clock 832 MHz

Processor Clock 1645 MHz

Memory Information

Memory Bandwidth 128 GB/sec

‘Total Global Memory 1,073,741,824

‘Total Constant Memory 65,536

Multiprocessor Count 8

Shared Memory per mp 49,152

Registers per mp 32768

Max Threads per Block 1024

Max Thread Dimensions <1024, 1024, 64>
Max Grid Dimensions <6553, 65535, 65535>
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[Fig. 6] GPU based parallel processing method
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(Table 3) Processing speed comparison

Conventional Proposed

methods methods

Mean-Shift Segmentation 550 sec 1.26 sec
Noise Removal and

Road Extraction 0.02 sec 0.36 sec

Total 5.90 sec 191 sec

(Table 4) Comparison of algorithm speed and

data transmit speed on OpenCV
CUDA
Only Algorithm & | Only Data
Algorithm | Data transmit| transmit
Mean-Shift 05 (| 043sec | 083 sec
Segmentation
Noise Removal
and 0.36 sec 0.02 sec 0.34 sec
Road Extraction
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