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Catenary Detection System Based on Multi-frame Character Recognition

Yang Wenjing', Di Lan', Liang Jiuzhen®

(1. School of Digital Media, Jiangnan University, Wu'xi,» 214122, China;2. School of IoT Engineering, Jiangnan University,
Wu'xi, 214122, China)

Abstract: As insufficient stability and accuracy of traditional electrified railway catenary detection, a cate-
nary automatic detection system is proposed, which has the ability to automatically identified rod num-
bers as the basis for catenary pole position and image index detection. Firstly, the system introduces the
process of multi-frame rod number identification, and then analyzes three most common feature extrac-
tion methods, i. e. shape context(SC) ,corner representative shape context(CRSC) and center shape con-
text(CSC). Finally, the CSC algorithm is chosen to be integrated into the proposed system as the most
effective method of rod number recognition. Experiments show that the proposed system achieves better
recognition results in terms of real-time performance and reliability than other method. Specifically, the
proposed system can run smoothly at about three hundred kilometers per hour and provide a practical
method to detect the position of electrified railways.

Key words: catenary; automatic detection system; rod numbers; center shape context

51

i

I ATF 52 A $2€ fih 19 PT 450 RO 30 3 AT B X iy 0 P 45 0 5 DAY b A B — 2 Aok I ) 52 2% A H A

EETH LA AN KAA " 2] (DZXX-028) ¥ By H 5 VL34 7 % HF (BY2014023-33) % By 51 H 5 VL p K 2 000 w8 TR
(JGC2013145) ¥EphIi A .
Y5 H#1:2015-06-05; 18 1T A #1:2016-06-30



X F AT WA T F ARG ERR R R % 1251

FE 52 Al 5 4 o A0 0 25 0 I 2 A0 D S B 2 3002 2 9
BRI AT, R I 2 MK U e, 5 B2 0 b S MR LA 2 O« ek 0 B 05 . 5 8 B B 5
T A BLAR 25K W of K8 O L AR S 19 7 X — (R0 77 A
R A S B R S 7 T e RS D TR o T ) B
S 54 D 6 00 0 9 2 K0 9 3 2 2 0 SR D071 = £y
5 2 7 A6 Ak o 4 05 SCHRC 24 A SR I A 1L 9 (A 0B G 5 SR 3 P 8 R 5
S HL G 2 0L K o 5 50 R 75 0 1 RO s SR8 1 21 1R LR K 9 5 10
5 5 5 SRS 2 11 13 G DO 0 S50 9 28 5 SCIR 6 D8 PR AL R 260 ) 6
I S U SR AT TR T LI T 50 J 2 i 2 5 0 00— B 5 T 5506 350
A R0 3 e R TP T O R PR R R R B O AR
B S B 2 0 A R 5 A 4 (0 B 5 T 5540 o L) L« 0 T P . 07 o 0 A
5B U BT 90 2 P B S TP R . A SO R 10/ S B T
FiL 3 -5 B G B BL A B — S0P (Randorm sample consensus, RANSAC) 2401 44K 5 £ » 8 1 i 4§
A RIS S M — T 0 SR PR TR 1 SO0 G 2 0 7 2 SRR 5 6. 9200 E ) 4
455 B A T 5 B T I8 0 5 O R R L R IR 0 9 o AR DR 2
%) S4B (Support vector machine. SV HUHE i UG i 4 )7 v W 6 FHL. A S48 4 T 4 G G
T b TR DG 2 5 U3 46

(1) BURPSALE ™ . DERCS AT« e MR TSR PL P OR T L G 2 P I
Bio PR M H BB H TR P 225 0%, B 5 R L

N

DIDIPY (man) TGnan)

S(i,j) = —— QY

N

\/ZZ[PM(WZ,H)]Z ZZET(m,n)]Z

m=1 n

Ko e Sy ) A AHARLBE AR S AR S R A AR B Ay o AR &

(2) WML, 2 W% 445 BP M4 Hopficld X% F7G 12 i) 3 X 45 45 Z R 258, oo BP W %%
EFRF A R RN A T2 . BP R4S iy A R BOT FRR

y=g(W, X f(W, Xx+b)XC+b,) (2)

o s x R 25 X L I A ) sy SRR RS I (R W O R AN 0T S B2 g T X
MAUE 0] & 5 by AR IR IR AL n) & s W, O 34 32 B2 AN 2 bl 48 o0 X R I BUE I8l &5 b, i b ph 20T 1
BUE R IR AL s C S — A~ F T 987 B2 2 5 18 9 R %K

() ZHmBEYL, ZHHFmENT @S FES T2 ) BIS i VC 4k 36 R 450 XU /N R AL L e
Y A A AE T i DR 2t /IR AR B v A SR N S5 [l A, SR ) B L AR B R ) Cn 2 R R 1 4D A8
FIAEF T2 MR . LG AR I R AT DL AR Al A — AN R LR PR i i @, B B A BOHE W B — A & 2 YRR
fEZS 8] H o IR R AR 25 18] H op X 500 o 47 e 1k 492

(4) FRAEVCBC YL o 8 2 49 RRAE A9 DG e R 2F 47 52 455 3R 3R 23 B - 38 2R 3 F 45 FRAE 09 B 9 J7 vk
URRIEVC ALk . A6 FRAE VT BC 3 v R A i 2 W R TR IR FRAE R B . FAF R PR Bk =2 A RN IE 28 3
0 A 3 SRR AE 1 $2 BOR IR B A B — A4 . AT IR B A R A SR T 28 P 45 1) O k  BEAR RV A 1 R A
R H BT B R E M INGREAR AR N AR D AR A S AT 5 TR RE A AR X 8520, 6 2% A0 pf
MG, DL HEEAR. N SYM WS ITHMAERE,SVM T 5 — B H 38 LEHIE
A6 % K AL AT (8], ASIE A N T ST P48 R I R 48 . AR SR BOE F RRAIE DT 5 AR A D I 325 AH 45 6 19
VR




1252 HIEREEH LA Journal of Data Acquisition and Processing Vol. 31,No. 6, 2016

1 ZREIEZR

Fefih P B Sl R ST O 1) 73 by PGSR SR AR B LA 5 SRR B L LAy 2 %504 JORE Ble e ik 19 A6 30
B R A A B AR G5 0 A AR R 2 5 A R G 3 i I 9 4 bR AR HEAT AR B 2

WG pras k.

(D) FEGR LR, il 23 AE 3 B AL/l L& 19 T Bt
LR 5 o DR AT BGOR B . AE7E A BRIE 8O LA LI L fi
PO 26 PR AN » 92 BLR 56 TR BEE o B2 — 380 1 O 1R 52
T A 32O IR D SR B

@) A5 AR . 50 B — 5K BRI AT 5 DT 4 RS
Y E AL T 2R 285 10 SR (R A A B T U R AT 5 R 5

(3) JLT SRR BB g . ARG 12 i 2k H AR I8 18 05 B . & i
07 VR B A P 3 e = A 0 R T B M e Y R R LA L
LA BT B VU DA R A B B S LA SR

(o) B AR o AR SCRCHR 3R et T il 43 O < R 0%
FER VTR R MBS B R AR & ol X B 3%k
W 3 A B R AN 4G R R 32 55 L RE RS PR A I R M AR B
T AR5 A5 D 2R 51 o 28 00 BOHE 128 X 00 3% 1 37 11 (D 0 L B FE AT
KA SR S RO

SEESIS S
/ EES \
5851 YRCE 5
Btk PR B

\\imﬁ

_.J%MWJ/

AR R
RGeS
LIS
1 REGHERE

Fig. 1 Block diagram of total system

(5) & fh PG U A o A W0 2 BO R 45 - B ARG B S L 32 M T ) R 8 AR IS 6 fih ) 3 47 4 T

R AT PRIE 4 50 1) 22 4z is AT g

(6) BAaGE vt A or BBt o XA 00 10 45 SR il BEAT e 0t L 23 B A LA 1 3l 0 T 4 0 8% B 4 fih
P A AT I T e A TG TR SR W A A S AR T I I E A s MR AN [ 1 I DB A
LR MG AT 73T AR IR S5 A% D KB ] R HE B 2 4 R A R P A

2 HSiRAERE

FH5 N EHE fil ) B sh A I R gl 3] 7 L R 51
ER H A5 UM T 2 CER ., 53RN EZhFS
DK B0 A7 FF 5 1 UH — L AL AT 5 5 45 43 F R 5 7 4 1R 51
AT LRI W 2 .

2.1 HSEEBEM
2.1.1 Fiafmz

TEFEATHS R B HT 7 A ATAT S K. M5 74
B 3 DA ANFRFARSCEEANH 4 DFAF IR k.
FF5 K KD — 2 K FEH R 2k 4+ 1, X3l v B s 2 [
. 15 KK B W . S G X AE AR R
A LATE A B A TS 5T AT U T . R AT S KRB R R
FETE Y o 76 BRS04 3 72 v 25 8 O R S () i 45 TR 44 % A
RABTE HEF W ASBE R, HFFS XN ER A
SE KIS — RS RN B 2 SRR AN . T LA S B B

T4

KAl Aol 5 s - SR A

=] A
FEE—L ./ qg1xsip /-
HAER |/ pormi)/ |

weer |

M ]‘EEEV[1

Ll B b s
sk

K2 A5

Fig.2 Flow chart of rod number identifi-

cation



MX#H F AT ST FHERAGEBNEN AR LR 1253

SRR R HNRA R L, LRGP 8A B T SR8 K R0 RS DR IR DL
KA . AR 4 TR Bl 2 B 1k R 43 50 L 0 G G T B U /DN A1 332 40 T2 R RANSAC 5
TR R LA 5 X
2.1.2 AR BE & B E

H 5 2 A DXIBURN 5 55 14 0 X L B e, AR SR A8 4 R 3 BB 9 3l 250 050 B 19 T vk kT A5
T E, L RERMT .
(D) A EAGIK B B B K B H (8 16 R 90 4R B, RD

max -+ min

= 2

(3

2 s max Sy d5 KK BE A min iy fie /N R BE (B
(2) FBE T $FF-5 D B 43 30 80HT 50 B AR R 50388 40 08 40 3 E 350 30 3 K BE (B my AN
my A% B — A BT 0 B A
T=Fk(m, +m,) 4)
(3) BELIR) . — EHEMRE T EHME M 2/NF —AHE LS5 e, WHFEIEEA, #w @ iy
kHLO.5, i FAEMEERE S BAR AT E SO, T E S SR L E, i afk k H R 0.6, &
1B ) JEFEAR A Sy
> [l
§—temr (5)

>0

s S s ) R BB R i AR AR I K BEAE - S D Tt AR R R A BB W R R BB (. LR
Bk M ETARYE S A ME /RIS S I % 5 S AL & AL 75 S>2.5, U] £=0. 552 S<1. 8.l £=0. 65,
T REAA W A RS XL 3% 07 TR T DLRE AR B 7 ik A SR & . RO O RE ) AR B L 5 3
0 B fELAR R ERG . BRI D ah PN R o) LS B R AN 3.4 B BRIV R g (o)l

1 fl.»>T

Ly = (6)
EENZN ey < T

i
K3 G K
Fig. 3 Original image Fig.4 Partition image

2.1.3 RIBRAIELEL

o B RS 15 30 2B B R % R ARl Bk g A X bR I T B R R R AR
Casb) 22 8] 1 3% 308 DX 36K, 908 ot 350 4 e DX 3l b 008 08 5 PR s G $ B, 77 %o PRl A A7 i % R i 15 310 4%
A X380 i 5 05 4 AR B D G AR AE (oo D VS TR Y Y X 38 . BRI % X 38 A e /N A Y 4R ) 1 AR
BONBAMERTE . SRE/MNMEBRTE AR - (D BTS2 KR 6 s . Hdamia ik,
B E I R A B SRR O E . AR SCRARR AR . () R R /N
JE . ¥ 90°43 B n G4 W IR B IR EHE 90°/n WU BE . FRELIE S, . B 24N 58 T8 19 1 FURUAS B /D A 458 1k




1254 HIEREEH LA Journal of Data Acquisition and Processing Vol. 31,No. 6, 2016

Ji#% .
2.1.4 RANSAC £ x4

FF5 X33 R /N AMERE 5 13 8] — D s 2 A BT 5 X8, B WEEn] DL I 415 IX Sl 2%
SRR AR AT S A AR AT 2R B AR SCH A B2k RANSACH Al A g 34 5 3 » S BUAF 5 X
WA E AL, 1981 4F Fischler 1 Bolles 5] A T RANSAC J5 M, B £ 19 RANSAC i i+ 72 B %
MR EE L BRNT - (D) FEALEREBR PR RSB G —RK L (2) &E—PEE Tkt S
B LM E/NTEME T WITARRESEE P(L);3) EE LK
(DB AFHHE L oL,y L, XS P(L),P(Ly), s
P(L) (4 FeZ A58 L5 P (L) T4 i 8o S8 Ak — i
fEH . %0t RANSAC &G E 158 4 R4 B, BVAETE 9+ A 58 L 15 2
FEE DX 35 ) TR WA 2% 2k B 2 [R) 9 e o AR i S 3 g 1 (X3 T AR
AN T SRR B TR AT RN 5 TE BT B A B AR RS DX A LUK i
. Gt HEEUER /NME ST F1 RANSAC R34 5 1 G a1 5 s .
2.2 #HSA—E B 5 AT g

FE 5 AR 5y — F SHG G 5t A8 47 A e P B AR g g T © Tmage of xod orientation
HOAE) X2 TS — A3 — A AR (181X 510 Rk P50 0 7 5 08 5 0 190 2
WK 7 . BOBERE T B IR AT 0y Cos ) e B R A A o D B PR /N S 0 S 5 0
W A1 0 16 60 50 P 0 SR A 0 KB AT e R BRSO 1R 0 2 4

nh
{T,}:A[T}Lv %8
Y y

JD%w:m:mw,—@:hzﬂwﬂhﬁﬂ%%ﬁ¥@§

a;

ﬁ¢=A[ ¢
7

52 ar =b, =a s a, =b, =0, §=y=0 B AF B AL . G € A5 AT S R IS 13— s i EHE
WK 6,7 .,
2.3 HEF/RSEMFSERFIZA

283 VA — Ak Y PR T UK 28 0ok PR T AL P 0 2 1 S SR 2 i (B AR R o AR A L e X
FRAEME F ol

b,
, } , det(A)iO,V:[

a, b,

nW—1

F=intQ(( > projli]/nW))) (8

s F ooy 8 AL & R F4F 5 545 Z 18] 89 e S1E  projld o IEHR T 88 @« A7 45 XN BT A R R A
JREEAE B n W RIR S n D FRFIEL Ay — DS E @ H B 0. 5, int RARBURAF S . & 745
orE)E A 8 R

AR T HE R B RS B L SR A T ELOD JE R | S (Center shape context, CSC) [ Bt 3 VT it 5
B EOEERN EEBEZ —, SCAITEM . A5 R 8 S BUE R P BT SR . CSC

K6 5 A 5 K7 A5 H—fLE® B8 745 AR

Fig. 6 Rod extraction image Fig. 7 Rod normalized image Fig. 8 Image of character segmentation




X F AT WA T F ARG ERR R R % 1255

HJE R 1R 3¢ (Shape context, SC) Bk 4 21 H B A B 582 2 F1) T4 8 5 48 A2 i 107 T % H AR JE AR
HATFON . BB A D REEREG P=1{pspose s b B LHL (g0 g VVE NS5 AR AL R
DAREA N

1 A
8. :721,

8y :%,Z;yi
Apai=1.2, 2. (s ) BER PRI 50 30RX B0 AL b5 R T 1Y logr A1 O 043 1 M A0 N A Al
& FIF 5 B by 3R A A SRBE S 43 A i B A
hi(k)y==%{q# p:(q— p) € b(k) } (10)
Rt qg WA T RAE S 0 N B AMAR 1<<E<K,K=MXN;h () B} CSC, 15X AL bR ZR .
25 MR FEAS [ BE 5 S5 9T A 2 58 B 22 S AR K L B e A B TR B R DU TR A A TR A BE R
m o E T EIA— k. H— b F RN

9

fT,(k)J“/(\&x 100 1)
b TR —AHER LT —REE S, g TR HE —A HES L BT — KA 5 L VU D51 2% R ECH
d(prrgy =L S ®—hE) ] (12)

2 &~ hi(k)+h; (k)

d(Cpy g AR AR BE By 7 A 119 DG TG BB 7 o 4 JBURE S 49 2 b 5 R 0 5 4 A AL e K Y

fH.dCp.s g W E/MEH
@) =mind (p;»q;) (13)

R H R AR R B R A B O R RS AT
2.4 ZMHSIRANERHBE

BTGB R L 70 R AR B UG A A3 BT 2 ) AR b )0 110 45 2R 22 S 0K AT R 3R B s i — it
PR R B2 85 v o T — M AR ARG Ay B4 i DA S 5 22 Wt ) TR 031 95 2R L ot 2 7 22 5 4 &1 15 v 3k B
I A EGOR HEAT U AT A R0 S8 A ROR A5 B4R = . 2 WA 5 150 ) iy A B AR 2 A it 135 31
S BRI He il b et R — W SRR A5 R R U R S s AR R A A . RBIE BR I E

(D) AT RIIG AL FE 0 FoR AR WUT 5 A5 . R PRI RG=1,2.3,4),D; £RH i WiFF
SEURHIES § AP RS T A, S; RN WIS BRI ) T SRR AT R AR E . D, R
57 DFAGEE RS, KR PR MR . D, M D, Wik NULL, S, ®1 S, 91464k
H o,

(2) BEEC— it AR YR T A5 5 25 BP0 AT A LR B R A8 R T BB AR AT L IR HAR S i i
PGSR BIAF D, A S, AR A ARUEE S, T 3 A~ R L DD 32 it 3H 551 45 SR A R S 1T 268« DTS
FA5.H D, =D,

(3) BEICT — Mot &1 45, T W7 2 75 J2 (] — WA 5 PR i RO 4 SRS () DU gk 2 2120 B (D) . 5 A5 )
45 SR ] Dk 3 20 3R (2) .

3 XBWERRLSMW

3.1 ZNWHIEES
AL AR R B T VS2008 B4 £E BT & 3 B8, 1 N BE & 8 Intel Core 13 E4400 3.1 GHz,4 GB
DDR3, Window XP R4, F) A SCH B K 5 B AR R B TR EG AT T Ry 5Lk, &40



1256 HERE LS L Jowrnal of Data Acquisition and Processing Vol. 31,No. 6, 2016

R B BEAL A R S BB A0 29 15 min P (17 i/ s) SR AR B9 15 300 5K
R BT P A 7 BERAY Z T I S — A P XS CBI B A L ol 02 I
T BT 4 DX SR A P 9 B W € AR DX 0 L UL 5% 8T R 50 dts B T AR A 22 ) SR 4 2
W R O 10 e Ay PARFT Z T BB O 50 m B — N AF 5 B 8 X
B R8O 3~5 5K RGUIRBIFF 5 B BB o 3~5 W, il TR BRI
P A5 DR R B B Y TR RIS g L R 8 SR 22 R ) 6 R R 0 7
e R PUTEEAT 19K 2 9K A U o T3 ] L 0

3.2 LGRS Fig. 9 Result of identification

F1HWT SCHE . M A AR LT CHFHE (Corner representative
shape context, ,CRSCYF L FIA SCHIH CSC HIEM XTI, MR 1 AT LA W A SO CSC 5535 1
JE AR SRR 2 38 1 iR A IO 5 78 5 0 XN HACR BP9 2 000 5K IEG SR X L an
10,11 I~
F1 BOHRAMNEEILE

Tab.1 Comparison of recognition algorithms in signal frame

PO FEA SR FEWE/ms PR/ %
sc 2 000 425. 67 98.35
CRSC 2 000 24. 36 95. 85
CsC 2 000 4.28 91.35

B 10 FF 5 A TERE N B B 11 IfEE®B
Fig. 10 Rod image out of box Fig. 11 Image of best performance

PR Ay DX B 19 g A Ak R AR 2, 2 PO 15 300 5K BT A A A AR A 1 v ) X R R
AT 15 000 5K I A L& AT 5 IXBCA 2 306~0 504, K 4250 AT AT AT - EATHF 540 0 %0 B LUFF 5 5
Bl (2 306 —504)/2=901 MR, 2 2 H it 327 I [ 2 P50 g 5K P R B ot 9 I I R0 3RO 22 iR 5 )
PO FF 5 1 A 30 (B 25— SExE U AR S R LI 12) . AR 2 TR Y 24 2 WiH i AR b5 5 . A
SCH CSC Bk iU 2 CRSC B335 Fe SC 836 1 YU S0 v HLAR & H23x 100 %0, Bt I (% e [ 240 L
HAbA L RZ .

®2 ZWEARAMNEEILER

Tab.2 Comparison of recognition algorithms after multi-frame merged

PO 52K - 2t ] /ms WU/
Sc 901 436. 48 99. 89
CRSC 901 24.13 99. 89
CSC 901 4.35 99.78

3 TR AAE 5 A K BUR A 950 K - B XU 15 min s, 36 15 300 X5 5K .4 3
T AR GV 3 A7 I ] R i AR G TR A TP B SF B I T 2R A AT A R R AR U AT S i e R . AR
3 Al LI AR IE R 9 R GLas AT I E 78 90~120 ms,



M F AT EOAFTFHRANGERMER R R 1257

B 12 R E A
Fig. 12 Image of hard identification

R3 LWHIE
Table 3 Experiment data

BA P RGBT E/ms 58 RO EEE/ Y

00001~15300 115 901 99. 89
15301~30600 104 901 100. 00
30601~45900 119 901 100. 00
45901~61200 91 901 99. 89
61201~76500 95 901 99.78

MR S5 A E R GEOF Y2478 [ 104, 8 ms, AN#faL 120 ms, A SEPEEIE 100 %6 AR 47 Hu i 2 T
2 ot PO A 00 X6 28 8 19 S PR A T S R SR o AR SCHR R B A A U 5 R U SRz i D ST
52 B A A 07+ R LA X 2 fke O A 0 ) S R SR o AR SON B LR AR R JBE S N SURF 5 B S TR 2
REE.

4 HRIB

AR SCER X A T 5 Ak AR 2 S 9 S 4 fk OAGE I AR E B AF 5L 4R T T DL A S R AT S B 3
WA S R G A A TS PR U Y Tk s R RUSE RS DX R 0 3 R AR O IR
BN SO AT B B O A A SE R . % R GERE W 2 300 km Zc A Y ik G L OF H 2
S [ PN 23 X 2 T

S &k

[V SRR, B T Pl 1500 240 2 foh 199 A 0 2R SR 0F 5 5 B R L) ). Bl L %2 42495, 2008, 28(6) : 68-71.
Zhang Tao. Study and improvement on the OCS inspection system based on image processing[ J]. Railway Locomotive &. Car,
2008,28(6) :68-71.

[2] Kusumi S,Nezu K, Nagasawa H. Overhead contact line inspection system by rail-and-road car[J]. Quarterly Report of RTRI,
2000,41(4) :169-172.

[3] Nakama F,Ichikawa M, Nagasawa H. Measurement of contact loss by detecting spark[J]. Quarterly Report of RTRI, 1984,
25(3):95-98.

[4] Landi A,Menconi L,Sani L, Hough transform and thermo-vision for monitoring pantograph catenary system[]]. Proceedings
of the Institution of Mechanical Engineers,Part F:Journal of Rail & Papid Transit,2006,220(4) :435-447.

[5] Hulin B S. Concepts for day-night stereo obstacle detection in the pantograph gauge[ C]// International Conference on Indus-
trial Informatics. [ S. 1. ]:IEEE, 2007 :449-454.

L6 VL7, $2 fiu 1o JXL s 12t A6 00 2R 2 150 5 S5 I D]. K 10« vh R R 4%, 20009.
Jiang Jie. Research and improvement catenary detection system based on image processing[ D]. Changsha:Central South Uni-
versity,2009.

[7] Viola P, Jones M. Rapid object detection using a boosted cascade of simple features [C] //Proc of the Intl Conf on Computer
Vision and Pattern Recognition. Kauai:[s.n. ], 2001; 511-518.



1258 HIEREEH LA Journal of Data Acquisition and Processing Vol. 31,No. 6, 2016

(8]

9]

L1o0]

[11]

(12]

(13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

Cho S B. Pattern recognition with neural networks combined by genetic algorithm[]J]. Fuzzy Sets and Systems,1999,103:;
339-347.

VEAC A B AR BT S ) AL 3l DR AL BEBR U [T, Bl R4 S AL, 2012,27(3) - 283-286.

Wang Yousheng, Hu Baile. Recognition of a therosclerotic plaque based on support vector machine[ J]. Journal of Data Acqui-
sition and Processing,2012,27(3) :283-286.

S JEE G KBRS, JET OTSU M3h2555 4 405 B0 P 950 B TD ). A S5 3B 41 . 2012.7(6) 1463-468.
Wu Haibin,Zhou Houwei, Zhang Tieyi,et al. Segmentation image using dynamic combined global threshold based on OTSU
[J]. Journal of Atmospheric and Environmental Optics,2012,7(6) :463-468.

Gonzalez R C, Woods R E. ¥ FEMEATEIM]. Jtat: dF Tk At 2007,

Gonzalez R C, Woods R E. Digital image processing[ M]. Beijing: Publishing House of Electronics Industry,2007.

Stef A L . Bulgarelli A. A simple and efficient connected components labeling algorithm[ C] // Proc of IEEE Conference on Im-
age Analysis and Processing. [ S. 1. ]:IEEE,1999:322-327.

Hedberg H, Kristensen F, Owall V. Implementation of labeling algorithm based on contour tracing with feature extraction
[C]//Proc of IEEE International Symposium on Circuits and Systems. New Orleans, LA:IEEE,2007:1101-1104.
PRI — R PR ICH BRI R NSRS i R Sk LT THRE AL TR, 2010,36(21) 1 178-180.

Lu Rong.Fan Yong,Fast algorithm for extracting minimum enclosing rectangle of target image[ J]. Computer Engineering.
2010,36(21) :178-180.

XSG = SRR 7 SR 2 300 NP T AR AL B B LT )L TS HLRRE L 2007,34(12) :222-226.

Liu Guanghui. New algorithms for computing the convex hulls of a simple polygon and a planar point set[ J]. Computer Sci-
ence,2007,34(12) :222-226.

McCallum D, Avis D. A linear algorithm for finding the convex hull of a simple polygon[]J]. Inf Process Lett, 1979, 9(5):
201-206.

BB AR U P I R S O R )] R LR S FHOR . 1999.21(1) :55-59.

An Wei, Li Hong. Projective transformation and affine transformation in pattern recognition[ J ]. Systems Engineering and E-
lectronics,1999,21(1) :55-59.

EFE A0 BT TMS320DM642 iy AR T BRI R S L), di R 42 5 40 #2012, 27(S2) :206-211.

Wang Jingjiao,Sun Jing. RMB image feature identification system based on TMS320DM642[ ] ]. Journal of Data Acquisition
and Processing.2012,27(S2) :206-211.

Belongie S , Malik J, Puzicha J. Shape matching and object recognition using shape contexts[J] . IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2002, 24(4) . 509-522,

HFH IR S A R T S SR AR B R SCRAE AT AR J7 2 LT 0. S SEHLER B 88T 5 B % % ik . 2013, 25(2) : 215-220.
Zheng Danchen, Han Min. Improved shape recognition method based on representative shape context[J]. Journal of Comput-
er-Aided Design &. Computer Graphics,2013,25(2) :215-220.

EEREN:

T B8 (1990-) , B, i - HF
G BRI ) s AR AL
53R 0 L2 A 5, E-

mail ;: yangwenjingsina@163.

R (1965-) ., %, @l #H#2, B A WC1968), W, #H iz,
TF 5% 05 1. B P fE WFFE 7 1 - ML 2% WL . %
il AL Aab B FAR U

com,



