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Experiment of Image Recognition of Railway Vehicle Brake Shoe

Based on Edge Moment Invariants Matching Algorithm

GAO Xiang-dong, WU Shi-quan, WANG Teng

(Department of Mechanical and Electrical Engineering, Guangdong University of Technology, Guangzhou, Guangdong 510006, China)

Abstract: A new method for image recognition of train brake shoe based on edge moment invariants matching agorithm had been
researched. The dynamic brake shoeimageswere taken by avision sensor while the vehicle was moving. Then the statistic of brake shoeimage
invariant characteristics of rotation, scaling, and shift transformation were applied as the main features to automatically recognize the brake
shoes with complicated background. With the presence of the characteristic similarity between the brake shoe surface and the wheel of vehicle,
asymmetry of gray distribution of brake shoe images, object variation and occlusion of vehicle brake shoes, an improved moment invariants
based on the edge-matching algorithm was proposed to recognize the brake shoe shape and analyze the brake shoe characteristics. The exigting
moment invariants algorithm was modified using the origin moment instead of centra moments, and selected four lower order moments asthe
feature variable to reduce the calculation error. The experimenta results show that the proposed method is effective for solving the above
problems. The proposed agorithm can recognize the vehicle brake shoe automatically and can provide an effective way to solve the technical
problems in long-standing recognition of the moving brake shoes.

Key words: edge moment invariants; vehicle brake shoe; image recognition; matching

2010-04-20 2010-09-17
915100901000020,07001764)



f(x,y) p+q

m, = r -r xPy? f(x,y)dxdy p,q=0,1,2,-

1

U, = Jm; J:(x—.\_')"(_v—)_!)“f(.r,)/‘)dxdy p,g=0,1,2,.

(x,¥)

X =my, /mrm » Y =My, /muu

_ aLlpq
Mpg = (prq)/2 2
00

Hyy = [ =% (=)' fx.3)ds

p+q=273,--

2

4

,nl"l = Z

t,= Y (x=x)(y-py

(x,y)eC

(x,v)eC

B =My Ny,
@, = (1, — Moy ) + 4’7121

®3= (159 =31,,)" + (31, —1y5)”

®y= (13 +1,)" + (5 +103)°

©5 = (113 =310, )10 + )13 +1015)" =300y, +1165)° 1+
(312 =103 )y +7165) (30030 +115)° = (11 +715)°]

@5 = (3= M) (1367 102) =300, 005)” H-A11,, (M3 10,0) (+105)

@, = (315, =Mo3 W30 + M )30 +1112)° =305, +113)° 1 -
(1150 = 312) X (1 + 100D [B3030 +115)” = (@ +7045)°]

P 4,4

xPy

7

p+q

C x= mm/mm y= mm/mnu p.q
0,1,2,3,
upq
Mpg = —prgei> PT4=2.3, a A b B c c d D
™ 5
1
C
1 4
(pl (pz (p3 (p4 (ps (pG (p7
A 6.9252 19.568 3 26.9157 26.776 7 55.526 9 37.1750 54.014 7
B 6.8858 18.198 6 28.867 6 25.257 8 52.548 7 35.154 6 52.796 1
C 7.0208 18.355 2 27.336 6 27.835 3 56.051 3 37.017 5 55.524 5
D 7.1271 19.808 4 29.7112 28.083 3 57.158 6 38.210 6 57.987 1
A 4.167 8 12.3270 14.953 6 16.283 8 33.468 8 23.256 7 32.2108
B 3.8107 10.486 8 13.581 8 16.896 8 33.011 8 22.576 0 32.289 3
C 3.4055 8.894 30 12.483 3 14.027 6 28.197 4 18.501 3 27.283 7
D 3.748 4 10.582 0 13.652 5 14.101 9 28.604 5 20.989 5 28.385 2

L 67 —



2011

2.2
X Y m
X=X %0 5 %) Y= Yo 5 o)
X Y 6
Dx,y)=| X-Y|= 9
D(X, ¥)
D(x, ¥)
2.3
7
7
] n’/"l + 2 3
T = =4,
7 Pq (n,loo)phlﬂ p q 10

@, = (my, +m, )/mtio
_ 2 2 6
@, =[(my, —my,) +4mlI ]/m00
@, =[(my, —3m,,)* +(Bmy, —my,)* )/ m,
@, =[(my, +m,, )? +(my, +my, )2]/m§0

Qs = I(”730_3”11:)(’773u+’"13)[(m;u+"’13):_3(”731+"7u3)2]+

~~

(3m, l—mm)(m:1+mo3)[3(rr130+ml:)2 —(m, l+mm)2 ]}/méﬁ

,

@5 = {(myy —my, )[(myy +my, )2 —(my +my) |+
4m,, (my, +m,, ) (my, +my, )}/m('xl)
2 2
@, =1Bm,, —my; Y(myy +my, ) (myg+my,) =3(my+my,)" |+

2 2 16
Bmyy —myy )(my, +my Y[ 3(my, +my, )" —(my, +myy) ]}/moo

n

D(X, ¥) N

Stepl
Sobel
Step2 4
Template
Step3
4 Recognition
Recognition Template
5 5 Min

(Xl ’ yl (XZ ’ yZ)

%Y % Yy (%, Ys)
Step4 5

1 2 3 4

3.3278 8.5423 11.5516 14.0767 3.3911
b 3.5488 11.6770 12.6817 14.6659

¢ 2.2818 5.7651 8.9760 6.8046 0.3545
d 2.4233 5.7267 8.8514 7.1023




0.5861

70%

c 3 d 4
5
10 /
6
B ;; = Z;
40 BE 40
gso 5430
X 20 gzo
10 10
ﬁ 0 s ,\/v 0 /\\~J
0 10 20 30 40 50 10 20 30 40 50 60 70
WHREN Wik
a 1 b 2
15 12
10
%10 X8
& e
X 5 X 4
= =2 ‘j\j
0 AN A 0
0 10 20 30 40 S0 0 10 20 30 40 50 60 70
WHERHN X
c 3 d 4
6

2008 30(2) 23-27.
J.

2005 27(8) 38-40.

BALSLEV IVAR. Noise tolerance of moment invariants in
pattern recognition J . Pattern Recognition Letters, 1998, 19
(13):1183-1189.

HU M K. Visual pattern recognition by moment invariants J .
IRE Trans. Inform. Theory, 1962, 8:179-187.

CHEN C C. Improved moment invariants for shape discrimina-
tion J . Pattern Recognition, 1993, 26(5) 683-686.

2008.

2005 18(2) 228-233.
J .

2007 35(2) 210-213.

L 69 —



