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ABSTRACT

PURPOSES : This study is to develop a road traffic sign recognition and automatic positioning for road facility management.

METHODS : In this study, we installed the GPS, IMU, DMI, camera, laser sensor on the van and surveyed the car position, fore-sight image,
point cloud of traffic signs. To insert automatic position of traffic sign, the automatic traffic sign recognition S/W developed and it can log the
traffic sign type and approximate position, this study suggests a methodology to transform the laser point-cloud to the map coordinate system
with the 3D axis rotation algorithm.

RESULTS : Result show that on a clear day, traffic sign recognition ratio is 92.98%, and on cloudy day recognition ratio is 80.58%. To insert
exact traffic sign position. This study examined the point difference with the road surveying results. The result RMSE is 0.227m and average is
1.51m which is the GPS positioning error. Including these error we can insert the traffic sign position within 1.51m

CONCLUSIONS : As a result of this study, we can automatically survey the traffic sign type, position data of the traffic sign position error
and analysis the road safety, speed limit consistency, which can be used in traffic sign DB.
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Table 1. Traffic Sign Color Comparison

Index Border Color Inside Color
Caution Sign Red Yellow

Restriction Sign Red White, Blue
Instruction Sign Blue White
Visual Guidance Sign Yellow Black
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Fig. 2 Color Extraction Using HSV Color Space
(E&G, 2012)
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Table 2. Traffic Sign Shape Pattern Comparison

Index Shape Pattern

Caution Sign Triangle

Restriction Sign Circle, Inverted Triangle, Octagon

Instruction Sign Circle, Triangle, Squares

Visual Guidance Sign Squares

Fo| BRI A= A o] Feut EA5H,| A FEA
Agtet, E3E A4

A= HUF,
EFA = AR FEeHE E4E 7HAAL Sl B
std EAE o83k HSV A 33Hs B3 v ol A
Ad ZF A A QoA wEdEA Y SR
w5 7hs st

Zhejehel gt A o] Aol weh G4 W wE
AL A7]= FUSHA ot B FEFE BA
o FH &7 Fofl uhe YA W19 A B 47
& Zolnh. ¥riet A71, a9 7het 94 B i
WEXAEA L] HA] Ao upg A+ 52 Aol 2
[t FUE 9B FHE TR ES she Ae 34
o] aslth Fig. 32 G W wetdEAe 4= o]
T Atet ohe S Ay 2ol

ST 3 Tificiyonilmage 5. Normalize the Size
1.Image Import CQUISIHION anf Brightness

N | BN

4. Normalize the Shape 6. Erase Background
of Traffic Sign Image

Vs

2. Traffic Sign
Classification

Fig. 3 Image Normalize Process (E&G, 2012)

3l SVM(Support Vector Machine)&
SVMe| ti=FAQl 7ol thsf st ohaa 2t

D= (X, G)|X;eR", C; e-11, )

St=z2sts| =23 - Mi5d Mis 157



skgtlolE D7 RS W G 1olU -19 g 2 JE HAEE Hdgstgon 4ES A5
zb= W7t Xoofl 43 SHAE ulsty X, = PAF okl ZH Y FAfo| A shHolgtE SHER Q148 S
do] ApulElo|t), 4TS Esto] g sy ¢ 7ol A4 =Tkl A=Akt ¢l4AlE HAE 4
elze olelg shatlolE st FolHe v C=191 A5 e T Lk
1 C=-1% &5 #ddot= 2% %(hyperplane)—‘% B
grolf = Zlo] F59 &
I 2 EE EALS 2k
= Ao Ty= A =
UL THPHE 7 5]
= 23uE A=A
HE 7 J59 0|2+
& YR stHA P52
= ZYAL 19 &b A5 A F 2 iﬁﬂ =9 Fig. 6 Image Recognition Result
& 10 &oks A AR & Hago] s £
Hgo| $JA|sfjoF s o]Hst ZHW-E maximum— Table 3. Recognition Test Results
margine ZHHolgtal 3t} AEXOoZ VML F Recognition Results
Zajro] HET} ATE oA AL Pl &1 Weather Date Total | Recognition | Recognition
Y N = = No. No. Ration(%)
~ B}
F‘/]—E;O]E]— g - 9"]\14— 1-A |2012. 5.16 11h | 1148 1058 92.16%
1-B |2012. 5.16 14h | 1197 1091 91.14%
X Hi Ha 2-A|2012. 517 09h | 418 | 386 92.34%
* . Sunny |2-B[2012. 5.17 10n | 379 | 353 93.13%
®e * 3-A|2012. 518 09h | 1325 | 1267 95.62%
. P o o 3-B[2012. 518 14h | 355 307 86.48%
/ o
- e~lo 3-C|2012. 5.18 15h | 430 414 96.27%
o
Cloudy| 4 |2012. 5.24 13h | 139 112 80.58%
Xi
Fig. 4 Concept of SVM (wikipedia, 2012) Table 4. Recognition Test Results of All Image
5 = w Total el Gz Recognition
Aarete Gl digh Asl4] AaE EEshe W Weather No Recognition | Recognition Ration(%)
e ey e ol§3tn], BEo) 1Y B e o, o,
- Sunny | 5244 368 4876 92.98%
AL Az 3ot ATZIE T23517] 9Eid= A
= _EHL Pt EJ}“‘_E 571 fisiAlE At Cloudy | 139 27 112 80.58%
3} o]F SVM &3l 2tz shEo) 7P =2 Aol Axt
Ho® =EH(UA ) o 4 T
U IR H5E Y A F 524470 (FY, +F
A - A, A, AAFERA] GA) F 48767H ARlA e
96.178% ) = | ol o
A_, A e 1y N UL 92.98% oIk, B PN HEW YUl B
A\ 0.498% :] E— Z 1399, A, AAl, Al EJX] ) & 112
0.476% 7| Aol oz o148 80.58%0|T}.
v 98.192% ™
v_> V 0.956% = o
: 3. H|0|~E o|8st EX[ELX| XS4t dH
Noise 0.851%
AAE AT A E ALsHA A7) HlsliAl 2
Fig. 5 Result Generating Process Usin
o . 9 9 AT ML 479] Fojel S hl WAbE g o] A S
Normalized Image (E&G, 2012) i
AF vy & SHo| Fabsto] ARgskict, glo] A Al A
gre due} 53 Walo] 22k ASE AL lEe 2 olisio] AT YA HuslA 2Ha) SeiA

158  Infernational Journal of Highway Engineering - Vol.15 No.1



L ol MM A 1HI9t 7127] 5o A
s st 2zke] A 9iXet g 3
A 24517] 91814 B ol () olgstel
A2 sgint. ERAEolRE Yol A4S o]§3t

ot 38 JJroP tol Agl, 2 5 4 5

Wi
R
oft
1o
:L
—m
w
(o))
S
H1
O
-
N
-
=)
_>‘:
_IIN'
o2
o
ol
o
N
(]

™
M= 2tk 33t ]*Joﬂ E%_’fiEﬂ 1 a2 Al
&

o 4 917 Grszdel m—ﬂ o) 7)9} A2

;(]-El:_,] HPB‘]:.Q_ ;‘(].E]: 9,]31]—/&{.9. ‘1—513}
Hsjo] ere] 23} AXA AT},

EFALULT28 EFAULT38

Left Laser Right Laser

Right Camera
Left Camera | \ L

NI

EFAULTOS. EFAULT39

Rear Laser /— Rear Laser
—\A\EF T30 ArEAULTAO

Fig. 7 The Position of Each Sensors

EFAULT47

UCSE AR GPSERE HHHAE 542
l=dl CADE 53t UCS x, y, 28] YAE Belst
Alo] o] Tkt o] Ae]3tct, Table 5% A4 2

oA W Araseo AFFe] AlA 9121E A7t oo},

Table 5. Relative Position of Araseo Sensor
based on GPS

Sensor Type X Y Z

Left Front Bumper |-1.0266| 2.3114| —1.8469
Car Right Front Bumper | 0.9088| 2.2815| —1.8412
Position | | eft Rear Bumper |-0.9877| -1.674| —1.8695

Right Rear Bumper | 0.9463| —1.6739| —1.8591

IMU IMU in Car -0.0526| -1.3352| -0.791

Fore Left Camera -0.2931| 0.7722| -0.2595
Sight Center Camera |—0.0848| 0.8263| —0.2824
Camera|  Right Camera 0.1735| 0.7684| —0.2618
sF.%rr?t Left Laser -0.3418| 0.9039| -0.0997
Laser Right Laser 0.2055| 0.9022|-0.0946
Rear Left Laser -0.9029| —2.4974| —0.3051
Slant Right Laser 0.8411| —2.4715|-0.3059
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Table 6. The Variance of Real Traffic Sign Position
and Recognition SW Result

Lane 1 Lane 2

45 36

The Variance of Real 52 34
Traffic Sign Position 47 37
and Recognition SW 53 40
Result. (m) 53 49

49 40

Average (m) 498 39.3
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Fig. 10 The Surveying Testbed and Result of Route
Surveying
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Table 7. The Variance Distance Comparison of
Image Recorgnition SW and Real Traffic

Sign Position
Index Min Max Variance
1 1.38 1.82 0.44
2 1.84 2.4 0.57
3 2.06 2.28 0.22
4 1.41 1.68 0.27
5 1.26 1.38 0.1
6 1.62 2.87 1.25
7 1.52 1.67 0.15
8 1.52 2.49 0.97
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