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Abstract

The high variability of sign appearance in complex road environments has made the detection and
classification of road signs a challenging problem in computer vision. In this paper, we propose a
novel approach for the detection of traffic signs, which is well-suitable to different light conditions,
change of scale and rotation. The detection process has four stages: image color enhancement,
phase symmetry computation, morphological filter and maximally stable extremal regions (MSERSs)
detection phase. We combine the color information of traffic signs using color enhancement with
the symmetry of its shape type, and performing phase symmetry computation to highlight the Re-
gion of interest (ROI). Finally, the candidate regions of traffic signs are detected by MSER. The
proposed system attains a highly accuracy up to 94% on the German Traffic Sign Detection
Benchmark (GTSDB). It has better adaptability to complex conditions such as illumination change,
rotation scale change and so on.
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TE PR AZ AR IR AR VR B BN 2 3 R 40 b 1) B B PR A BN, 45 2 Tl AR TE PR b A R
SANTRE[1] [2] [3], AT LAS.FH 18 B A8 il b RO 4R 450 B, A 25 18 B A8 AR B I M RIS B B [4] [5].

AR E N T A B AR SR A AS AR £ U T Al bR A E B R IR
PR, ERREETS Bh A B B AT XA AR . Rk, 38 ) S b 26 0 R RN R 25 50 B0 A A )
P8 i) 52 bR Ak X (RO [6] [7] [8]: #RJE R HIHLAR 2 1 75925 ROI IXIRHEAT 22 il b G 1 73 S8R
#[9] [10].

A FE BT H R 5 R AR SR E RO AR HUCT . ©AF W 9T 25 M0 3T A2 38 A 2 A U ) 14 1
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1) FTEedE BRI VE[11]-[16]: — MR FH 2T 50 6 2 ) AL 8 1 7 VR AR B A 2 X BB SRR AIE
PEURE RO, FREEE S 2B BOG A R I m, Fitk, 7EARERGE T, ZAERDRRE &t
TEMPERTS . AR

2) FEFIRAZ BRI J5 5[ 7] [17] [18] [19] [20] [21]: — &K HH Canny i A5 . Hough A8 ¥, it
FRPESE T VEAR YR AR E R BRFIEAS MU AR & ROI X 3k 7ESEPRIE KA e rh, %7 iE A IIYE RE 5 52 2128 i@ b
ERIAR, ek MRS LR .

3) T HOAARAE BRI & A I 732 [6] [22] [23] [24] [25] [26]: FIHH T A5 bR & BB G AI AR
RRHERS bR & ROI X35k, %57 B EAF ARG N, (H— R IR TSR e e &AL, wn[6] [24]1X
Rl EAREN D i 7

SCRR[S]HEH T 38l AR B A TR E R 5 GTSRB, $24E 7 K&+ & M R Eds S A B MR FE A,
Forp & =2kl B kbR ER (AR AN E A, WA GERRE), fErbs ER(ETE IR E T,
FIEA A EEE)RER AR ER(E=MMANE A, WA AhRE).
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KRR . il 1, RS NIUAS B © ARYEAC @R E M BUERHE, X EHG AT AR AL 3,
DGR SR A I S RE I, (R DX 23 A8l AR SRR 5y @ ARAESS @b TR XS FRAYERHE, @i
ZL A R AR L R PRSI T 5, 1 5 BB b B SR R AR I (28 AR G X AR R s e s ) #HXTAH
AL FRPERT IS G, AT TR IR, i — D h R U p S @r E R EIEA: @ KA MSER
REAER I FR IS AR & ROI X 3o

A H AR BRI IR 58 AT @AR BRI M AE I TAE; 58 = AT A A IR A8 i@dr &
R v As, A EE TRARFE (3.1 15 R ZLBE Ry AL AR EE), AH AL AT AR IR I(3.2 1Y), TEAFUEN (3.3
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IRAR LR RIR I R o 25 AT A2 A4

2. ExTIE
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Figure 1. Workflow of traffic sign detection
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3) T HOAIARAE BRI Rh S A 77 vE[6] [22] [23] [24] [25] [29]: X307 vE—FSE R B 05 B gk
TR, ARG T HE ARG Bk T i@ kR &0 %] F. Ren [12]34F HSV &l ta 2= i) B{EAL 5 13 210 %
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guchi [2915t % -LFP R A8 i@ bR &, 5 FH 2k TR 0 A5 G B SURFAE (19 R B2 G006 4y 2R 38 X RGB R &= B 347 4>
FAF RN LG U, S5 RANSAC BETEAU AR YA AR & . Y. Gu [6] 8 56 R A AR IR ARV 2 AT
TEAR BT, SR 5 MR FAE 5 T e SO AR 1] ) P B SE LA Sl AR 5 1 4 1

BT B ATEARAE BRA PRI T VETE S I B A S T A B AF &, (B2, DA A RHE R
FESE— Mol LR SRR (Sl pn S A I, L an[6] [24] [25] 291 A e bn . 55 —J5ii, Skl
ik — AR e B SRR BE AT RS2 56, R/ 7E 8 TR A A8 I8 bR G BE A2 3047 I EL e 1P A

3. RiBHRSEM A ERE

AR A T A2 AR 5 B MR 1 S 56 15 S A SRS I8 AR S AR X (RO . %8, FIHIAC
RS BIBUERFE, R LR AR T 0 R AL B, X 7 SGE bR SRS T 5t S8R, A 2CiE
PRETCAR AR FRAE X FRARER IS (0 5 RE R REAT A L0 Bk v 5 AR BR[30], A5 B 5 b B A R Bk 1 P
BIXIERG m R BRI L X IR T BE 2 Al bR BRI X I BRI A A L AR A i )
BIR, BEATTRSZIER AR, Bt PR G bl SR A &n, R MSER [31]50EA1L
AT 29 BRI AN HH A AR S ROIABEIE X d5l . 1% 7520 T 1B PR ACE A B G ARk, el MR BE AR (e 3 B
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3.1. EGOEEFRENTRALE

GTSDB AZil bR & 4 [ 12 2 = KRR & ZEIEAREE, TRRin S RAfE R &K, dRS s
P2 N a i, Fik, RGB EHGH A A (udiE E /2 FiR A mbr &M E B ERE. 5 T58
AR SR ZLE A B, FRAMB LT HUACEE: &6, N 7 EIR EEIE B Rm, X =818 RGB &
BRI LR, WA K@) FrR. R)E, XL, BEPAEE R EUE AT IG5, o UG EAT 4006
WALPE[32], WA RQ)FR. Boa, 53 ) 5IE TE R R CE — b O ELRE I s AL 2

C
C'= ,CelR,B 1
R+G+B E{ } @)
QRB:max£ R , B j 2
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e =IHIE ) RGB KRB AR AL i B TE K L MR, REs A ROt BEAROLIR SR AR i, 5% H
WRAEFRE AR XK, XSSl AR S MR 5, JOR WA 2 fs.

3.2. BT RS BB R A

GTSDB #ii £ b AZiE bR ERIANETEAR — BONIEZ 0T, BABERIIXGAR TR, wlE 3@)pis.
IEZ TSI — B E S = T8, RTEA) A @ bR & i B 2T Be[18], Tt AR AR I U2 122
AT NI 75 2 P ) — A EE R &

FI R, 56T S AR 2558 B TR AR 0 R AR AR FROAS I 77 3 rh A L T 7 i3 A2 [28] TPl v IRt
A2 18 R ARASIN X A B PR P P R A S AR AR L7 AL S, 19 52 e L2 mT RE AR P
o SCHR[18] [19] [BOPRHZIERL IR T A lAR AN T, HA R B 1 H A A 2 1078 el .

DOI: 10.12677/csa.2017.712136 1209 THEAURF 5 R


https://doi.org/10.12677/csa.2017.712136

it 5%

©

Figure 2. The effect of red-blue processing (a) The image of normal brightness and the effect of red-blue processing; (b) The
overexposure image and the effect of red-blue processing; (c) Low light image and the effect of red-blue processing
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Figure 3. The processing effect of traffic sign’s phase symmetry detection (a) Different shapes of traffic signs selected from
the GTSDB data set; (b) Phase symmetry processing results of traffic signs corresponding to (a); (c) Example images with no
traffic signs; (d) Phase symmetry processing results of background images corresponding to (c)
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Figure 4. Phase symmetry processing results in similar color and different light conditions (a) The phase symmetry
processing result of objects with similar colors in environmental background; (b) Processing effect under different light con-
ditions
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Figure 5. The morphological filtering processing results

B 5. BASIRIRALERLER

Figure 6. The traffic sign ROI detection results of our method (a) The robustness of our method to geometric scale change;
(b) The robustness of our method to contrast change; (c) The robustness of our method to geometric rotation
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Table 1. The traffic sign geometry constraints
= 1. KidfRE LA RARER

Feature Minimum Maximum

Width 22 128

Height 22 128
Height/Width 05 15

4. 3ZIEAREMR M SCIN L
4.1. ZBIREHIEE

AR SCAERA A AR SRR RO EE s, B0AIE T AR SCRE I 77 vk 1 Rt

1) German Traffic Sign Detection Benchmark [5]: & &% 28 Sl br AL ) — A A HFAS B bR S5 46
SRR A 900 5K 1360 x 800 pixels K/ EIE (L 600 KOV INZREIE S, 300 Tkl &I 4E). Kl
ST TORREMRRZIZAL, AU RBOTI, SRR & S i s K A
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B B, HLA5 3000 Mg . BATIEEL 160 ik EURAE AR EAR 4L, Hh a8 T3 mbr s r mmiEes. &
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&R (b) AN(C) Wt AR ST VT ROBE R /INAI T UART g i AR Ak (3 P o 158 BH RATT AR R0 ' R S A AR A
JUEARA Tt S 0 R A B A 2R . ] 8 28 H T AR SC IR STHR[10] [32] 77 ¥k R i 28 S
X, FEAC AR S AL TG IR 5t AR TS SUEARIFAE T, A SO 3R RO T-[10] [32] (19
Hiko
5. B4h

ASCHR T I T AR AL BRI I E B S AR EAT N T7 i, 1 SR S bR 2 B A, X IR
BEAT LD A AR, X SCEAR SR T 55 $ 5 X 2 A PR O L v S AR PR, 48 5 B A AR
PERMIERI B bR S5 EE: ARG, TR IR A MSER RRAERI, $REUEE b 22l ARr & ROI &
DX AR R BRSO N MRS IE AR SAS AR B AT B A I e A R . I fE
T8 E L E bR S H S GTSDB M ST ) A [ 20 b S K 5 A SEBe il Al =5 70 ol 3k 94%A1
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Figure 7. The traffic signs detection results of different illumination, scale change and geometric rotation (a) Detection re-
sults under different illumination conditions; (b) Detection results under the condition of scale change; (c) Detection results
in the case of geometric rotation
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(d)

Figure 8. Comparison between the detection results of our method and the literatures’ [10] [32] method (a) Original image:
the sample image selected from GTSDB dataset on the left, where the traffic sign is in the strong light background, and the
right is selected from the sample image in our dataset, where the traffic sign is in the similar color background; (b) The de-
tection effect of our method: the traffic signs are all detected; (c) [32]’s method detection results: no traffic signs were de-
tected; (d) The literature’s [10] method detection results: no traffic signs were detected

8. AXFEGIHA[10] [32]75AMRMHRITEL (a) RIGE G : ZinENE GTSDB MM ARG, HPRZBEIREL
FiEARERS; GUNEAXHHEERER, EPZ@BFrSOTHMUBEERS; (b) RAXHFENRNMR: 918
HAEIRE; (c) MAR[B2]5EFRMEER : RN L ZBIRS; (d) CEK[10]AERMENER : RN H K BARE
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Table 2. The traffic sign detection results on the GTSDB dataset
= 2. 7£ GTSDB #iE& ERIRBIRERMEER

e 75 % AT Jack Greenhalgh [32] Fatin Zaklouta [10]

AT bR EHL 271 271 271
i [X 45 %5 283 383 285
NREE Rk 262 238 239
A 21 145 46

HEMf 2 92.58% 62.14% 83.85%

Mm% 96.68% 87.82% 88.19%

F-measure 94.60% 72.78% 85.96%

Table 3. Traffic sign detection results on our traffic sign data set
= 3. EANKIRBIRERIRE LHENER

Forill 7 % ATk Jack Greenhalgh [32] Fatin Zaklouta [10]

SATE bR ERL 330 330 330
s X 4L 330 240 250
RGNS 312 146 229
PRE 18 94 21

T E 94.54% 60.83% 91.60%

H a2 94.54% 44.24% 69.39%

F-measure 94.55% 51.23% 78.96%

B oW

AT B FE R [ R F 3 4(61370087), HiTTLA & AHF & 11K1(2017C01022) % Bl .
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