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Road Speed Signboard Recognition
Using Synthetic HMT

Young-Kil Hyun‘ and Yang-Hoi Doh™

ABSTRACT

In this paper, we proposed a method to recognize a speed limit signboard for autonomous road
vehiclesC(ARV's) using the synthetic HMT(hit-miss transform). When images are acquired constantly by a
camera of a car while ARV drives. it is difficult to detect the signboard in an instant. So. we set a limited
range of distance between the camera and the signboard to have time enough to detect the signboard. However,
signboard images which are acquired at each location in the limited range have different shapes each other. So.
the synthetic HMT is used to detect each different shaped signboard at one time. Using the synthetic HMT.
first signboards are detected and secondly signboard images are extracted. Finally speed limit numer is
recognized from the extracted signboard images using the synthetic HMT again. Simulation results shows that
the proposed method can be used for detection of signboard and recognition of speed limit in the limited range
with only one HMT operation.

Key words : Hit-miss transform. Synthetic structuring element, ARV

Az 47 4 W3 B8 2= BAE Aoz
|M 2 VAFHILA & B AYEEY A2 N2 7Y

o e ojzgol Utk v, Be ME Ha) 458

o4¥ 72 WP E(background noise)olt APy 18 BUBNAE IR A2 234 Fof

& (foreground noise) & Ze £4 FA9 A7t 2 HE FHE o) gato) G4 AAZL Q14 D BE
He FAHA 23 ¥ opg AggezE e 3 TP IEE A

L3t oldE 2He ATE: Fz UAY PEHE 2 =fdAEs dEddgold A3%8e 2= A%

88 S8HA BT PHoz oTo) AT go) 4 FE EARH AY £5F A4 Asd 23
A3 Mg Lwelse U hicmiss W@

'g:"'*z L (HMT) & o 83Q2. ol B4H Al2dUg 0§

uate , Cheju Nat'l Univ. . . . - T i

T AZY%Z A2 g Aoz FAE £ YnY HMTE hit 8
Dept. of Electronic Eng., Cheju Nat'l Univ. B & (structuring element, SE)E AMR&t 5324

128



Y HMTE 0183 =2 &5 BAT 214

243, missEEAE o|83te] A P Ao
12 2l A7 AP EAsh=A
wosls wyoltt & HMTE o83 F4U4
AAst Rz} st G4 EAFHEY AE
gateg wlFddeely cutterd Ze FHAAA
ARHAYY a8y #2327} olFel wet 2R
2E 942 o Ad4srids FAAsith o]
2ARL Ads7) A AFE 2P g4E &9
o] HMT® 4% # & SDF(synthetic
discriminant  function) 2 #4¥ #4 FH=
(synthetic SE)E Algstdch #4 hit P9
miss FeHiE AFY BANAM A5t nA e 4

£F 7HF AL 4% A & gl dF hit
Bef 49 missBel2e] ECP-SDF(equal correlation
peak-SDF) 2 %8 F olFA T3 ¥4 ¥
A E olgste] @l HMT @4tez Aldd ¥
YollA Qs e 4E AT F U 9
o, JH Aol QA& Fde FIGTH obF /A
o ARAGgol 24 AL 2940 & F glch o
£ #3257 YN e 4 ¥HLE TE o
MOF-SDF(mutual orthogonal function SDF) & ©| &
atad 2ol @ FAGAY EAAFE 07LR
3 gtk HMT 942 hit ¥di9 Y¥F49
AP 239 missPelie} dHIY] BIHY 2T
Asg Falod G2 JPFARE AP TEHAR
£H33 F olg9 EFBHEE Hstd FHsiER
AEAHQ 4f B4#7(optical correlator)E o] &3t
FAoz FEY 5 AR

ARy £ FA® Q1Y s HF9E &
A7) d&td w3 FE 2 AP AL q= 4%
A WE FFE AgHoME FPstPen. BX
#el AN 32 9 &£ A9 U] EEE
gtk

[+]

Boro mu £ s

rir

It . Hit miss BIEHHMT)

HMTE 9482z st 948 ¥tz A9
o gl TR oY A 45 BFIYE
Fokd F 3. E3] wiFFLolY AFFS] A=

ARG YH4E FEehed FEsih
HMTE #4202 Rdd7] fsta oa U
4g X o3 hit BAAE H 7 miss AL

Molet o XRX(HME EASHY

k|
3

XQHM) = (XOH) (X OM)]
(1

= [(XkH)m N(XHAM)p,)

9} o] B A7 ©& %Y (erosion) @
Azpolth, 28X XS H= hit HE(HT)OIRL XSM
miss HEMT)olth ojdf XF= Xofl Wit B4
ou gt %= 4¥AH correlation operator) &
Bt T ® Thye 27t hit 83 miss 38
243 o ALHE FYAE quistn, Th2
(N, = IX Th<N,. Thy2 (N, —IX Thy<N,9 @&
ol 7| N N,2 ZZ Hit Bell&9 Miss ¥
B9 sAadoldh Hit ¥ela HE dHstza 3
v 94ez Addgsd HT gde 4354
(foreground erosion) @4tz Hea HEo aAY
2o BiE Zohdoh Miss Fehd ME J452A
B GAF FHE U FEY BIY H= A
g5 MT 442 it AU & 3719 &3
€ Fopd < ok @A HTS MT @39 3§
HE2 HF HMT Q42 U9F3uelA Bels H
o AR5t FI4Y AXAN FFAFAS ded
A ot gvrdez HMT AN Mol WEA]
HY ¥sE glon, 2z s 449 27 3
g9 Wad AL g Y ME HAE5 A9
EAR L A

HMT @4kl B33 FHL 4f A7 E ol &3t
of 48E 4 Ak Z. hit VAL miss FeAx9
o] WRL 4f BBV EHFAA T YY
443 A#e T ¥ 2Y4FAPUANY o2
FE JEY £YNZ FEAE 3o 0§ TEA
g Had g 293RFAM FEHA= A
o Aoy AFYE Ex WMPFSE TG X
Pt A Fog FYNET A2 el FAg
AHFA 9o

to rlo

129



]

2

=

2

o}
=]

. BIHELS 0|25

HMT

2 =M FF5A7L ol FAA 458 A7)
Mz g2 g9 A &z FARL I HMT
e g FYUEA AHE F e GIYEL AP
gt 2717t M2 92 ¥4 Z9E inzges
A4 37 Aste] HMT AaelA AHgE $4¥8HL
+ SDF $9'3& °l &3l T34tk SDF ¢xe
T2 5YF EAY AT B 2 54E AHAmE
o]F HMTA FH&¥o=2M HAFZF vfAFENE &
FHY ®itohezt EAQ Iz FH S48 2
A @ & Atk SDFe Q4524 s+ 4% £
2z e G4 FEIYLE do FLIdAHN
Y% MFANE I F o5& UYxYPsio WE
% ol {gF¥5d FHAE A3 F594
39 A74# HFX(autocorrelation peak)$t 4
34# M5FAcrosscorrelation peak) 2 THEOI A&
4838Y. & VIP(vetor inner product) ¥ d3}
s g AP F= AgHEYg Foz F
S0

24 hit FddE dH 2 s F4PES 2
#9422 8o ECP-SDFE 989 F4sx, ¥4
miss FHde VY5t de FI9PY RgAe
Baggez so ECP-SDFE uhgo] FA4dch
4E E9, BIFA A482A s @77 g
Fgygol A, B, -, K&} 2ol k7t 248 o, @
A hit B Hyprst B4 miss B Mopre

Hax = 3ja.H, 3)

Mor = 336, @)

% 29 9714 Hi [ 84 #3939 hit Yejiol
A, M §9A #9329 miss BHLoln off 9}
2o) FASA

H;=F;
(5)
M=

FS, where i=1,2, -,k

130

£, hit Fehds FY A& se FIge
Z 3% miss Felie FFLY 29322 A
. 22 a= ¥4 hit FALE FHEH) A%
H5AMEo|L, k= B4 miss AL E P50
A 7HEAHE ol

a=R3lu
(6)

b=R i u

o Zo] T4t PHYRALE THE o 2188
7HEARE ud f4E kMY FI3E YN
2 QA% $ glojo} slEZ k A9 “1"=2 PAsd
. 28X VIP 38 Ry 9 Rl

Fl*Fl F]*Fz F[*Fﬁ
FyxF, FyxF, - Fy%F,

Ry = )
Fk*Fl Fk*Fz F&*F‘
FixF{ FixF; - FixF}
Fox F{ FixF; - FikF

R, = (8)
FixFy FioxF; - FixFy

2 P, 4 2432 JBEHY FFA |tk o
A 749 ¥4 hit Yk B4 miss Y4 E
o] ¥ HMT&

X& (H spr, M spr )

~(XOXaHIN (X OF M) O
S 2t ol9 Bl YIYALE o\geal HMT @
28 2989 HTIH 3943t 2717 2AY 2
P92 BF 45T, MTIX 343+ 2717 2
A e 93¢ BF A4V ol9A YT 4
23N TERE Aok B4 hit Weh4o B



£ HMTE 0128 &2 55 BA|T 214

4 miss AL E EY ALY FEIYH 22 9
ol 25 AN

ohef, A Gatel FFAF fAR 299 AR 9
Aol EAsA 914 AFE ECP-SDFZ A&
Peha2E Qo) ¥rbssS dustd HTS MT
Axg Y FAGgo) Edste AAAA FE
AFA7 YA sof FE898E Asieis f4
gl 22AHA @3 FYF 2L JPez o
Agc. ol & #HFaA A BHPALE 7Y
¢ o MOF-SDF ¥4¥& AHgste #A18 AR 9
Aol #Fste APqEY 7FAE 0" I &
Aol @ 23 AFAE deidA gotd 29
A% $494¢ 24T F AP

V. ZFE AIE20|M % nF

4.1, EX|T ol 3 F&

¥4 HMTE o83 Piio] =245 FXE <
Ao} HPPAE Frisyl AN S Z2HE
FRsAd YS¢ EXE FPEE /A ARH
AgdoAE FRRAT

ANgle of camer

Signboard

Fig. 1 Method for speed signboard acquisition on
the road.

449 Y5 Fig. 194 Hol& vt} go] 15° &
o7 oz 1m AYE 7|Eo2 FA o
£29 ggolu 452 &= n2} o35 43
#9opz 2 @FANE 10molA Im Atolg B

Age A4 Y F A=S hitH miss Y
28 ¥4 sgch ¥4 hit ¥HE Hord B4
miss JHhd Moes 42 EXR T2 H T
HF9 94F 2YE H9soq ECP-SDF2 &
+4s%h

Fig. 2% Fig. 3= ©4 HMTE ol83std w3
2% clutter® e U FFEAHY EXEY
QA% 3¢ AP FFH AEHA 2AE Yd
Wt BA ARE WAFT B&A4S #A ¥ A
7} 10mQ) F3& ol 85t EX@ A4H & 3t
A1, FHAE MY Y& 1AL, AR
95m F4& AR

Fig. 2(2)% (b)& B&As EXB9 At 47
10m. 9m YFFFEolth Fig. 2(c)& HTAHE
St} £H8E Fig 2a)9 o)A JYoli, BAE
o 33 T FEe Foz2 ARHEF oW
AR Fig. 2Ad)E MTALE A Fig. 209 2
gaoltt, Fig. 2(e)} (D€ ZZ 10mA 333 9m
Q 449 ENREE 498 ECP-SDF2 TEA
F4% ¥4 hit YAL% BY miss Ptk
Fig. 2(g)% (W& A7 Fig. 2(e)s () 3% ¥
¢ Ui, EAR JHed 9XAN 2% 3
AFA47 dgde A8 A0 33 Fde hith
miss® #5te] AZP FYAE FoM 78+ A
£, o1& Fig. 2() s Fig. 2(j)ol Y. 2
I o] ¥ 4% Aty YW HMTH 3F 3H
£ Fig. 2(0el Yehiglch. ol EX® 4 & ve
W glem, Q14 fAxE EAE F2dUYE Holxn
A, o] V4 AXNE FHoE FAVE FEIAUL
3% EAWE Fig. 2()o derdoh

Fig. 34X A¥E B9 943 s 212
3 95mQ] ©1AFP EAVEE 7HAL Fig. 2004
AP A% Y ¥ ¥eALE AHESe] HMT
£ 4935 o ¥ 449 HMTY 3F FHY
Fig. 3(b) (e)old BXo] EA#Y HANAN I
9 e /1A AW HAE Ze JYEY BAVE
§we) HMT Qagtog A4 + S BAE
t}. Fig. () (DoAXE A48 AXNE 7/HAL A
28 o)W YPEIIA AW FEE FEY A X
Azt 99 ARXE FYPH LA AJE WA

131



(i) ()
Fig. 2 HMT detection and extraction algorithm example for real image

(c) Thresholded (a)
(f) Reference complement images and svnthetic

(a) 10m input image

miss SE (g) Hit correlation
result (1) Extracted signboard
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(b) 9m input image
(e) Reference images and synthetic hit SE
(h) Miss correlation (i) Hit result

(d) Complement of (c)

(j) Miss result (k) HMT
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Fig. 3 HMT detection and extraction algorithm
example for other real image
(a) 9m thresholded image (b) HMT
result of (a) (c) Extracted signboard
(d) 95m thresholded image (e) HMT
result of (d) (f) Extracted signboard
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Fig. 4 HMT detection algorithm example for extracted
signboard image
(a) Fig. 2(1) image (b) Complement of (a)
(c) Reference images (d) synthetic hit SE
and miss SE (e) Hit correlation (f) Miss
correlation (g) Hit result (h) Miss result (i)
HMT result



=

Hy

.Eokﬂ

=1

E& A3t ECP-SDFEEE o) gt §4 ¢ hit
Yela9 miss AL E Fig 4D dehioh
Fig. 4(e)9} (D& 24 Fig. 4(d)Y #4 hit ¥eh&
ot B4 miss Fehiote] 4 JehAR, &A 5
9 AN 2 FFAFA} Y= AL B F
Ak 4@ A3E hitd missE A HIE £
AE FL2H FE 5 U=v. o€ Fig. 4(g) (h)
of Jetdigith 22l o] £ 4@ Zxe PP
HMTY 3F A= Fig. 40 Jehlie

Fig. 5ol = A¥d ¥4 94F ImQ oY
4 #F 95m clAGHNA 32 IAVEEL A
I Fig. 40014 A8 A% 59T T4 LS A}
83l HMTE 88 o) 5 942 HMTY
HZ 4AQ Fig. 5D (dDAN BFEo) £2 59
AANA 179 ghg 7HA AT B YA
2% BXTE P UYe3 Y8 HoEr)

ol AYE PN FEF 277t B2 <AE
TUYE FHLE ol 83d ol AJF F glo) A

(c) (d)

Fig. 5 HMT detection algorithm example for other
extracted signboard image
(a) Fig. 3(c) image (b) HMT result
{c) Fig. 3(f) image (d) HMT result
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