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ABSTRACT

A rapid development of semiconductors, sensors and mobile network technologies has enable that the
embedded device includes high sensitivity sensors, wireless communication modules and a video processing
module for vehicular environment, and many researchers have been actively studying the smart car technology
combined on the high performance embedded devices. The vehicle is increased as the development of society,
and the risk of accidents is increasing gradually. Thus, the advanced driver assistance system providing the
vehicular status and the surrounding environment of the vehicle to the driver using various sensor data is
actively studied. In this paper, we design and implement the smart vehicular camera device providing the V2X
communication and gathering environment information. And we studied the method to create the metadata from a
received video data and sensor data using video analysis algorithm. In addition, we invent S-ROI, D-ROI
methods that set a region of interest in a video frame to improve calculation performance. We performed the
performance evaluation for two ROI methods. As the result, we confirmed the video processing speed that S-ROI

is 3.0 times and D-ROI is 4.8 times better than a full frame analysis.
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Fig. 1. Next generation driver assistance system using the
smart vehicular camera technique
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Table 2. Specification of the smart vehicular camera prot
otype device

Modules Specification
Board Odroid-XU (Hardkernel)
CPU Samsung Exynos5410 Octa 1.6Ghz
GPU PowerVR SGX544MP3 533MHz
Memory LPDDR3 2GB
Wi-Fi WNI111v2 (Netgear)

WCDMA |[DTW-400W (AnyData)

Camera Odroid USB-CAM (720p)

GPS GPS680(Acen Korea) /| NMEAO0183
LCD LTN101ALO3-8 (10.1 inch)
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Table 3. The method of metadata extraction and metadata measurement periods
Device Method Metadata Period Requirement
Image Still image / movie - (requirement)
Pedestrian +0.3s (recognition)
CAMERA Computer License +0.5s Each 2s
Vision
(with ROT) Range measurement +0.02s (close)
Lane detection +0.05s (recognition)
GPS Satelite Location, speed, direction, time 1.0s Each 2s
Accelerator Measuring Impact recognition 0.1s (recognition)
OBD-II Std. Measuring RPM, speed, accel. pedal position 0.5s (Acceleration)
KOBD Measuring Handle position, gear position, brake 0.5s (Deceleration)

158



= A U EYZA 24 A el 7HE AntE gz} )&

BAE A= A S oA = v EEA ]l o]
A 53] Hesd s} Waiat <lxe] Ag- 3
& oS 2R ol HS ARREk S oS
A A wpA] WS Bl vllg- ek o)’k 54
< JEjste] 7R om A B dellx] 34t <l
A& Falistar, s skl S A L it %
HA 4 o9& vl FHAaE s dele] 4 WA
ojed

d(Dynamic-ROI) 7|"]-& Algkstar F&siole). 1w
e} Mot Q1AE AA A delx] 2o 7
[ =
= =

38 4. Y Geds B4 B4 e o
4. Example of static ROI and dynamic ROI

ot AEA SASHE dibe 4 4 ik e
A 5 B4 3oe] AL Fol A ATl F
A4 ] e e e 5
A7ke 8o} ZAaks dhel we} e 4
sfel Zzte] SAeld A=) ARATEE AAEE

B AolA= AQkshs A UEYZE AUsh=
a1 g sk svkE ARG s} Ao}
S-ROL, D-ROIE 483} 374 1 A A7k 34

3l

4.1 AOIE X2E 702 E2HE
7] slesle] EUES o]43te] A wleld|olE
of AlA weldelelE & 7Fssiel weldole &
A7) 2380 7}1:1]&}, GPS, T /‘il/ﬂ, OBD 71|
£ o]’ Ak wetdlolE = 2™ o]w|x], ~¥
T3 257 vlAS el Bas maiap g, W
F3 AR, 24 AHH Fol gk o|wA 9dAte] 7
S Ae] o1& w EtENE Bol ARE A

1 B]AS o] 83}o] PArS FAEh=

et ZEL] At Akl ulel 7Fsdt 3%
| HERlnR 7} 7150 S R

Ay

i

__1> oL,
N o

N
o o2,

deE A TPt SRR Aldehs 2vtE
4 7l ZElA WVGA (800x600) Ako
A1S qleulol S-ROIS A-43t 749 W3z}
°F 0.11%, WMEF A1 0.14% 485 o]
S FEPE A5E v3S B vekdloly] A4
71 A2 AR A Flok gk AA <34k wek]
olE] 3% $33 uf 0.5%2] WA F7|E Z=ch
A wetd]o]e]e] 74 7 AlA] Bgol| wet %=
F717} deAlc). GRS mEe] AAH wet 24 F
715 WA 5 9lon 120 3 AT 5 =S
ARtk 4 A A 7w Ak o] 91
Zeof| °F 153433]2] S4o] 7F5sh 103]9] Hdgts
o]g-3lo] 1503] & FALoE I3 FA3 gho] wis
E A3 0.1 vl 34 AdE &3t Y
A5 ZhellA] 4 oAt kel Wl A uf FE
Ao sl Al5E Ak 2=k ylpe] 7t
2 Al ARE 318 OBD ~UE 1300 oF 22
] S4e] 7Fssbd 113] ghel Hds F3sle] 05%
vt 24 A3E =53t F 32 oA 7)%3E) vlet
dlelele] = whiat 54 F7|E veRdch

]_

i
2

a \}4}]1
e
o
2> rlo o

=1
L

)

(

159



The Journal of Korean Institute of Communications and Information Sciences ’15-01 Vol.40 No.01

A=) 2y 74 MEY= HAES 98 st AF
o]43] A3t Wi-Fi P2P VIEY =S 143}
Qrk F Ese| A~ B7F P2P A4S o] g3l
sthe] A2 ko] A FE w2 4o A E
27y &0 7 sttt 3nuke] A7} Anke] #hx
oA ARE gAsly i RS Adsh= HE
£ FAsioick kel AArF AR 04 52§ ok
227} wlole] 4218w 74#] 7431% 2l A7k A
% =3t 203] HlAE g A A
it 0.197%, A% 4 8.35Mbps

[S)
% slgiek

A=) =

Eei=}

il
P
= THE

kY

_i

SRR i
=2 fg]—ql-&l

=

-

o
&

2
2

tlo

-
(o

L

gl

o 031

ol
N
o T

Avh)

)
=
ro
>
z
I'N
o

Ay o] o &
12
o

ol

(

ﬂd
_u

:Iol_’_t‘

oft

>
S

X

o=

o,
o Ix
tlo
&

~

1a

il

Lo

2= oh;]. xﬂo
2 °ll°% g2]e} 2
AN 5410 7]HE]
718k CISS R= 1

i

o, > o,

-
i

2
oX
off
o

N

T

g

Q1 zt

2~ 44127

‘“ﬂ‘:}’: ;i‘ﬂ A
odroid-XU &} A e

[CISS (Exynos4)] [Odroid-XU (Exynos5410)] [Arndale octa(Exynos5420)]
R = =
T8 5. A 4 A ks Slg HaE HE
Fig. 5. Test boards to evaluate video processing
performance
30 30
25 25
20 20
£ 15 g 15
10 10
5 5
0 0
[
1 26 S1 76 101 126 151 176 201 226 R RS
Frame
Arndale Static ROI Dynamic ROI c1ss - Static Pedest,

a2 6. ZFROI 7Y ¥ gl~ER T w2 Bz} A A%

ran

2|31 A2 5420 7|HEke] B=Ql Arndale octa H.
=Bl2 olgslodr) a8 5= 7 g AE BEo] nd
o°
e WAl 4zt Wsg el4E s-ROISH
D-ROI HH-S E3) $ashks 52 gl ~EE 53835}
9t} S-ROI®} D-ROIZ #-&3h ;@moﬂ A Zzrel
FPS (frame per second)2} Z} Aox)2] QAL

==y
=E3ole) 2 34 1%@; QA
< BE HAE BrojA 7L3 AZ Jepdck 18

6 i} A TAE P el PSS el
7(4.& o] /\13}._ Tk

(<)
S-ROIS} & Jele
SR

stk

Lo

koo W odk o2

3 7¢- 0d101d XU 1_7]— = 7}
AL Fold 5 a

_L\_

9lom] CISS ¥ =9} Arndale oct

9] =07 FPS7} #5244 vk =AA Ao

—

-

©
ahel sig 201e] FA7k by Slev] e
2 A Aol 2§50 B3 BA] AP} o]

ol e Ao 24, 29 8 271
e
o] 2B e S A8k A3t
nﬂﬂ-o] E_;(H%l L‘H _7,~_wa :g]-o ],‘___ }-\]% ﬂ']i o]/ﬂ
& ARkesich A o) 7} melglob) e
30
25
20
£ 15
w o .
5:
DO o WO 1]
HouEsagH 1 26 51 76 101 126 151 176 201 226
oo Frame
Dynamic Pedestrian odroid-XU Static ROI Dynamic ROI

Fig. 6. The pedestrian recognition performance by each ROI method and each test board

160



B A B ZelA 24 AR ] 2ntE g} 7]E

40 a0 40
35 35 a5
El] a0 30
25 5 L5
£20 & 20 £ 20
& 15
15 15
10
1 5 heommmnnldisesnRon o o | ISRRRILLLA DB § IR IR
5 fmemrelll | WINERLLLY LD B ILEIES o 5 peowvallb e ARLA R
o 1 27 53 79 105 131 157 183 209 235 261 9
1 27 53 79 105 131 157 183 209 235 261 Frame 1 27 53 79 105 131 157 183 209 235 261
Frame Frame
Arndale " -StaticROI Dynamic ROI ciss Static ROI Dynamic ROI odroid-XU Static ROI Dynamic ROI

Fig.

Frame
Pedestrian Correct (StaticROl) ——# Pedestrian

g RYUTONdCoaREE T OO DR
FARRYRERE BB NAENEERTERARN

ES
o
3

e
Pedestrian Correctln\,nam cROI) ——# Pedestrian

J2 8. ZF ROI 7 2 Awiel wig A AeE

32| 7. 7 ROL 71y % elsER ) mE Mg 4 A%
7. The license plate recognition performance by each ROI method and each test board

License plate

1 T | 1
— I 0

-

License plate

Frame

mmmCorrect (3waticRO) == # License plate

-

e
FRERESOHNAENERHAARHRAAR

-

SHA
Frame

mmmCorrect(DynamicROI) =% License plate

Fig. 8. The recognition success-rate by each ROI method and each recognition algorithm

Ape} M3t QlAlS a)ste] eplisich 2} <l H&
W A4 Al 9lA] JAIZES false positiveS T A
T = l=E Al Bz 129 -
S-ROI #-4-A] 70.7%, D-ROI A-8-4] 67.4%2] <14
5 Hola, WHeg <Ale] A$- S-ROIVF 63.3%,
D-ROI7} 45.7% 2] QA1E-S Ry}, A7E 918 S
u] iAo 2 D-ROICY ®]3l| FPS7} ot g4k 2
= WA d9E AAsk= S-RO19 QA E A3t o
F = gt} D-ROIS] 7% thake o

S

ot
2o
m°“

5

A7} e %*Eﬁ}%tﬂ a7 *XHv}b w
= QXA E3he wAE sl mEbA] ookl 2y
o] RIAE SFAAA A ATES FHAFATH
3) ul_u]]_ glon x _ﬁs_g] oq:rLoﬂ/q ;<—]_9‘t‘$l oq]z-lo]rjr
Zre] APA= & 40 A== gloh %

iy L— o] g3} S-ROI ¥ D-ROIoﬂ w}
g } ql};} 2] 5 3} o]}\T TE _%;(-]s], 7:1;,]_3}
7152 AE Zé ‘JrEMb_ ik ‘Wﬂ A
gk 73} 20| odroid-XUKR =ell4 D-ROI 35 4l
g+ 79 ®ax} olA] 4%7} 10.479 FPSE 3015/_

i

oo oy —'i
Tl by
N, ol

Hog gl £ 21.809 FPSY &%
vk el s} /13 =Zd|qle] 24~30 Zd| FEol2
2 7o) 715 wal el A AR Tk 24
A5hE Qg 4 slk e kel 94 Aele &
A AT ARAL] s R ) mY Ae)
ol ti AGE Sapelsic

7 AgnEald A 34 Q4 52t Sa A 3
T S gelsilrk oY HEdi s nay
A, 5, A QAE B e 499 51 A
3] Agmesl 1A olvlAlegel
4 3 Qe Agele] Aal

2 wolr) o

FIA 10 Hi _l:]ﬁ— _,_/H B~ \:ﬂ o]/\IE
Table 4 The analysis speed average values and the

recognition success-rate by each ROI method

kI
r

Pedestrian(FPS) Car plate(FPS)
S-ROI | 5.220 S-ROI | 4.300
Arndale
D-ROI | 6.953 D-ROI |16.784
S-ROI | 6.141 S-ROI | 6.309
CISS
D-ROI | 8.602 D-ROI |24.371
S-ROI | 8.755 S-ROI | 6.998
odroid-XU

D-ROI (10479 | D-ROI |21.809
Recognition | S-ROI | 70.7% | S-ROI | 63.3%
Success-rate | D-ROI | 67.4% | D-ROI | 45.7%
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