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Road Sign Recognition and Geo-content Creation Schemes
for Utilizing Road Sign Information

Teak-Young Seung’, Kwang-Seok Moon',

ABSTRACT

AAR

Suk-Hwan Lee™™, Ki-Ryong Kwon

Road sign is an important street furniture that gives some information such as road conditions, driving

direction and condition for a driver. Thus, road sign is a major target of image recognition for self-driving

car, ADAS(autonomous vehicle and intelligent driver assistance systems), and ITS(intelligent transport

systems). In this paper, an enhanced road sign recognition system is proposed for MMS(Mobile Mapping

System) using the single camera and GPS. For the proposed system, first, a road sign recognition scheme

is proposed. this scheme is composed of detection and classification step. In the detection step, object

candidate regions are extracted in image frames using hybrid road sign detection scheme that is based

on color and shape features of road signs. And, in the classification step, the area of candidate regions

and road sign template are compared. Second, a Geo—marking scheme for geo—content that is consist

of road sign image and coordinate value is proposed. If the serious situation such as car accident is

happened, this scheme can protect geographical information of road sign against illegal users. By

experiments with test video set, in the three parts that are road sign recognition, coordinate value

estimation and geo—marking, it is confirmed that proposed schemes can be used for MMS in commercial

area.

Key words: Road Sign Recognition, Geo—content Creation, Camera, GPS, Geo-marking

1. A £
ERFAE AANA FH T 0 A= o
2 7HA =29 *&%‘%ﬂr FEE FAERDS d8F
23 9% A= 747

¥ Corresponding Author : Ki-Ryong Kwon, Address:
(608-737) 599-1, Daeyeon-3dong, Namgu, Busan, Korea,
TEL : +82-51-629-6257, FAX @ +82-51-629-6230, E-mail
: krkwon@pknu.ac.kr
Receipt date : Jan. 22, 2016, Approval date : Jan. 31, 2016
' Dept. of IT Convergence and Application Eng., Pukyong
National University
(E-mail : theage76@pknu.ac.kr)

H Dept. of Electronics Eng., Pukyong National University
(E-mail : ksmoon@pknu.ac.kr)

Dept. of Information Security, Tongmyong University
(E-mail : skylee@tu.ac.kr)

Dept. of IT Convergence and Application Eng.,
Pukyong National University

¥ This work was supported by a Research Grant of
Pukyong National University(2015 year)’

Raad

Tttt



EE2EA 2 282 8t Z2HA QA & NeIex MM J1Y 253

A A e Aol wWE
stnAF xpEFg WuAlo) A Al 2Bl(Car Navigation
System, CNS)o] 7= o] X}eFol] A& Atk CNS
o] A%, Halol AE AFE AT dulo|Ex MMS

= AR 3 xS o] 83 FrAU =2 AR
T B5H AEE o] &3 £ R £4 9 A
S B3 Fall olFolnh o] ¥ EE 4%
£ AN OE FZste o] BVt AAGTG S

£ Hgsle =8 4gl u&atrleles FF5sith o
2 —‘%781}" 53 AR ol EAstE =rEA 2
A5 o] WrEA Fasit)

A4 AFE FI FEH T U=

37\]4 Hi] AEE= ADAS ¥ A&
U ==
ﬂtﬂ ol v
HhA H] 2~ gl GISOﬂ AAsE7] #1380

G A A TS 2ol F& T
Ae W2 A= 2% 37 do] gud

HOLg ATY 4 i Tulx

28 45E A

Lo

N
o
N
ol
_>|.1_|,
m il m o
B
2 A
0{
lﬂo
ol
o
f
o
31
3

A A Aol g8 AMelA 95w
G4 ArolA sholnels B4 B4 o
isle BRE At A, T G 2
94 e E2EA Fusl o A
TEANS YA o=

1 =

It 2
R
M @
o 3
_?L

N
L
ﬂJlO I’
2
£
o
:;
o o o

rﬂi
o

B eRe TS AvnY, 9A 2gel A B
Fhvlerg ol&@ A4 Ul AAel 917
Nz PPET A0 BA=E A4

= T ==

< 2/ 28 a 3RelAE
%

‘Ll
ofr
o
E rlr

oo

fr )
o o rE

il it

k

ﬁ

i

o+
L —~ =
it

e
ox
o
~ ox [
off
_|_.

bl
w
of of
e
L o

.{q.mf”fm
Eﬁtoﬁ;;
2 o ol
ol g

o H

hﬂgm
H
N
2

iich
ofo
0]::
rg
o
2
>
_?L
rlr
P
o
i
(i
Sufe
o

WE X oz oo N T X O o ol
> oox ok N e off e oMn g
e
&=
o
i}

X
=)

S e 27 3%
e =2EA A4 49L AEse v 4%
doo] ER2¥A W§S ERAE AR Ut F

ATH3A4L HEF EF 28AE o] S2FAE
u olof & E&xA ] FFIt

o B3 =2EA] A AL T 5
ul B ERIA | A AR
29 U At #e 8 us A Fye A%

ofo
e
ot
)
o
f
fe
i
o
e
gl
30
s}

2
ox
N
2=
T ol

>
o

N
N
R

"

1)

T
N
&
n=
g
bt
2

gk Wao] iRl & ﬂ]*yi;é}
B mExA] HE VNES
Joll &3t 2ol 28
o mEbd esde R4 AE
HARE o] &3 2vtAlY] HE
ATH3,5]. HA ROI(Region of Interest)
8 A 718k AE T 2 7] AE

o

o
b

i g M
ol pE S—E{ M
il

tlo  ld

N
f o

[SI=R ve3 Fﬁ ¥eo

m

M

k)

W

2

ofo
=8 o> o in o M

i

i)
flo
offt
>
2o
> A ¢
o
_o|L
—lrl
SV
Y
OE
rE
o
v
%)
il
El
=

f

R
i)
ol
v
3
o
t
rlr
b
(o]
g2l
m
e
%
1 rE
O
a!
ey
o e 2 T Nodo X oo N ox

o2
o)
>
=
©]
mlm
Y
o
e
i)
g o
N
N
N,
dr oE
O
N
N
)

O ST

474]«1 Z‘%’é < FYIoE T2 AAE A4S
2otk ROI A& FHgo] Evta yd
AAE FZste 73 #AHo] syt &
A= zkgE 0 2RV e R EA A4 A
2R 51 °‘71 ol AEET

%] |ote EERA AE 7HE
% ?lj_ Al

i hu
L2 o2 Ar o g2 oA

mlm

H
Ho LR s

rr
o = op

q 2

[0 ox b 4
f
N

oo 1o K

bt

oo
N

2)
2xA A e Agst=S g

2.2 7|1&Y E2uA BF 74

=5 ﬂﬁ]OﬂH‘: dE <=

43t F+&€ ROIF ‘:iixl 0] 2] opd A =
B3l ROI & o] BYHA HZA BE 2+
FH3) HFAoR ded =2 FHRIFF
i °

m
2o wet \Za w3 7]‘591 25
& 7lble] B8 yiHoZ tA UEs 4 U
LM dZgl mjA Jhle] 2 8% B
S ATRYE AF HAS T3 F3-E ROI vlolEH|
12204 mE] ShsE =2 RA WEZI 7L AL



254 ZEOICNEE ==X M19AH X2%(2016. 2)

)

ol Fj e

z= Aot ROV} 7HA 2L Y&
Stad 28R "HE8 e 78t
st F AR FAM o] At
EAE EFSH6] 28y

o
1
SIS

doy Yo ox o
r [T

o

10
N

X
Ll
F

M rlo X o
W
%‘I‘ J

4
B 4

i ol &

BT Hir s N
N

o
rt
e
o Hu
BN
o —
“_; rE
2
B>
o of
oy
o
N
ro
=}

B
Ao
9
N
- ¢

U o
S
S
=il
N
%
flo
N
e
oy
N
I,
lo
al

2
o N

Y
T
E|
N
¥ oE
9
£
S

N
2=
fo

F AAE SlsA FE A
w28 Adaboost, HOG-
% A% Fo] Aot
o] 71'M-& Adaboost ¥2}el H]3|
A gt ALEFE7L ETh Ada-
OE B2 e] 714 e R
7HA F7e =2 EA
., HOG-SVM =2t} =¥

S 78k
2 3719 Y g3l il

sS

CEEIES

do |
-}
Ir
N

wn
z
E [
@)

jan)
o
@
n
=
g = 9O
=
5
n
<
=

T

tlo oz
1>
s

o
o

o

12}

—t
oZ
1>
1o
N
i
fo

>

o Z oy 2o

=)
-

du orr
i

4 I
% X
@
o

$ &

ofr
-

O ofe
>
oN
o
o
1>
o
N
rE

h=Sye]
=

R | )
A
o
uW
P
=
_]_);I_‘
lo

rr =2

B
=5
A
S
i
ts
ol

Do
w
e
iz
o
0,

] S 17 (Geotagging) 714

AL AL AR} Big e, QAo E, B4 A
A, QR(Quick Response Code) ZE, RSS(Rich Site
Summary) & §3 22 thkd FeY tlolE o
A2y 28-g 9)s W o o] B (Metadata) & 4+ Y

P

o] FATH9,10].

o]}o] Z|HEdA FEHOE HEH= €A 7]
H-E JPEG 279 F7e] A, f1A o8& EXIF
(Exchangeable Image File Format)Wol A&+
Zlolth, v} EXIF 3t AR AXHRE A
St WAl B & 9 w3 9 3Y 29 HA e
Aeko] w2 W 2 xdl WA Al EXIF W el o]
Elo] AtAle} HE H RO FAH o] Jhesith whebA
AP A LFZR 27t ABAL 5 22 HEL I
o] 8T E<E A FAAEE AR Adde
AEE A AR A4S BAT 5 e S

2

7ol a7dH

2.4 X217 (Geo—marking) 7]%

A eZel= Yo wEl HolE& FR e He
4 9 e golAde H8l ad FeHo uhA
(Parser)\t ¥ o] &4 A B FolE Fal et
& 7bsdtth a8y =, 34, Belk HE B
oA ALEE = e ALER=9] A T
tolEl= H Ado] e ArEEel o8] Yo W
3= Aol 7hsdlof 3ttt o]8 g BAE s dstaAt
Y EInk7 (Watermarking) 78S $83 2287
7ol AFHATG]. Ak g 7S ‘A
v} (Geo-marking)” 7| o2 B3t L3
< e 71 2, A eukd A E A Y
== vebdolEQl HE HRE B3 ZF e g
VA E AFEStY Rl Yol A3tk o5 &
3 Ao T2y} o5 mE v o=H QR F
Lo et = GISAlA /MEHQ YIXE ST +
& 3ok 23v £ 71HE A 3y A E
HER T &g 5259 FHE 7S E A
St TE wEkA HaoluAte| o HujouAtely &
® e Y A 3o ATt ul g AAE BAA
o] EAlstH Fup WA F oA wErH o]E A4
o] Y=o} At BRIt Frie wdo] Qi

o
2 ¥ 1

r 1% bode

wW
2

(o]
0,
rot
ok
i)

T B 54 E4E A% ARV AeE 3
= = & Fig. 13} zo] =A
A2 T4 it

=
A e 71t oA 7Rke] =
H
i=]

71HE A3 =28A A



E2HA 2 282 st T2HA 04 & NQHX MM J|Y 255
Road sign Recognition
. - Eliminating g .,
£
Extracting Info. in images Fadundént objects Object recognition
Recognized
Extraciing Fiaca i
g PCA movin o .rg ; r__ma Sagns
Analysis centrode simplification \f
6‘ between Pre- = : \
- Bt e e Statistical Setting blob Featu;_’e L o .m s
Single ahd pixel S color model threshold Extracting ﬂ
camees size Extracting Eliminating Sir‘ni\ar\_‘fy
candidates obyjects analysis
X

|

Road
sign DB Geo-contents

Location

information ecure
> coordinate_value
Generation

Weight factor
decision

/s
Embedding >

location Info. — .Q

GPS

Geomarking

Fig. 1. Block diagram for proposed scheme.
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Road sign detection based on color feature extraction
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Road sign detection based on shape feature analysis
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Fig. 4. Comparison between road sign templates and extracted symbols in road sign templates, (a) indicating
signs(red, triangle), (b) extracted symbols using edge extraction method.
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Fig. 6. The superior edge indication of each block in
the roal sign image.
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R-Triangle Sign Size:
Distance: 4,83 m

R-Ring Sign Size:

Distance: 3,64 m Distance: 7.02m Distance: 1250 m ﬂ
E

(a) (b)

Fig. 7. Test Results for road sign recognition, (a) Busan, (b) National highway between Yeongcheon and Geoncheon.
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Fig. 8. Test Results for road sign recognition, (a) precision and recall in each video clip, (b) recognition rate for
road sign shapes, (c¢) recognition rate for road sign colors.
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(d)
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Fig. 9. Test results for geomarking, original images of (a) a speed—limit sign(circle, red), (b) a direction sign(circle,
blue), (c¢) a speed—limit sign(inverted triangle, red), (d) a roadway narrows(triangle, yellow), geomarked
images of(e) a speed—limit sign(circle, red), (f) a direction sign(circle, blue), (g) a speed—limit sign(inverted
triangle, red), (h) a roadway narrows(triangle, yellow).
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Fig. 10. Test results of robustness, (a) distance errors against JPEG compression, (b) geomark BER JPEG against
JPEG compression.
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Median Mask vs. BER Sharpenig vs. BER Scaling vs. BER
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Fig. 11. Test results of robustness, (a) median mask attacks, (b) sharpening attacks, (c) rescale attacks.
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