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Visual inspection method on geometric parameters of electric

locomotive contact wire based on energy center
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Abstract: There are certain deficiencies in detection methods on the traditional electric locomotive contact
wire geometry parameters. Based on the testing requirements and image characteristics of the worn wire,
the integrated measurement method of online, non-contact, multi-parameter was proposed based on
binocular vision technology. In-depth theoretical analysis had been conducted on image edge detection
based on LOG algorithms, on which new methods of edge location by means of energy center algorithm
were proposed, and numerical simulations were conducted. Simulation results show that the algorithm of
energy centers has got stronger anti-jamming and anti-blur capabilities, with higher positioning accuracy.
Verification experiments are carried out by using round steel with different heights, stagger values and

wear widths as the detection object, and it is compared with the results tested by the laser rangefinders
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and digital display vernier calipers. Experimental results show that the edge detection by means of energy
center algorithm is more accurater than LOG algorithms. Simultaneously, the measurement method
proposed in this paper has smaller indication errors, better reproducibility, and it can meet the integrated
needs of online, non-contact testing on the contact line.

Key words: electric locomotive contact wire; binocular vision technology; photoelectric detection;

LOG algorithms; energy center
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Fig.2 Schematic diagram of contact wire geometry parameters
, by binocular vision measurement
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Fig.1 Reflected light intensity curve before and after wire is worn Fig.3 Schematic diagram of measuring edge point coordinates



s

% 12 4 FEEEF A TR EBPCHE I E R F LU AR L BN T 4107
fs 2L, Yy Xia X , A
a. 7,
, — (Xputxon) (L=fSina)f 1
A(XA’)/A) (x]A—xm)fCOSQOl—(x1AxQA+f2)Sin2a ( )
V= 2x04(Lsina—f) sina— (x1,—x,4) (2Lsina—f)fcosa — 2Lf *cos’a 2)
- (Xa—Xa)fCos2a—(xpXon+f?)sin2a
, B . A.B X (4)
’ p (x—ey)?
h, ! d, f(xk)_gW[Z( imepenp | S5+
n-1 ( )
Xy—€;
2 2 D wepexp| FH ) (5)
2.1 LOG , lx—e >0, ()
/ —_p. 2
exp( (xléoiz) ) 20’ f"(xk)z()
A.B s \ '
- [x,—e;l
O-’f"(xk)#o’ ’
LOG 0
) Xk ¢}
LOG ts] , (6))
: )= a'\/i [(=1) (x—er Jexp(%%
e (—e)®
S (-1 e exp | A ) ©)
’ lx—e-il=leg—xl ,f”(xk)z()o
; ’ LOG o
o
’ 2.2
n-1 ( ) ’
1= 2, (~1)U(x—e) (3) fo-ta
i=0
1 x=¢; ’ :
,U (x—e,'= ,€; 5i=0’1’2’ [12]
0 x<e;
n_l . o N b
o LOG ’ ¢
4' B T] \TZ ’
n—-1 o
f)h" (x)*t(x)= 2 [(=D'h,"(x)*U(x—e)]= o Xi,
i=0
1 n-1 ( ) ( ) Xic1 v Xitl (7) a.b,
x—e
> (-Di—e)exp @)
0_‘;\/% iz0 ( ) ( ) )
_’(7 [xa ’xb] o
1 20
h(x)=————¢ R :f(xi)+f(xi—l) bzf(xi)+f(xi+1) 7
V2T o a 9 9 (7



4108 29 b gk AR % 43 %

° 4 1. SNR
32dB o
VC++ , N
LOG
4 o
Fig.4 One-dimensional continuous binary images, gray curve and >(a) 32 dB ’
peak interval ©
) LOG
[xu ’ xb] ’ (8)
[12] ’
, LOG )

)Zmz(xm)
8
o Z,f(xm) ®) 5(b) 1 ,

S,' ;Cvi o
) LOG ;
n e()’els"'ven—l’n_l
80,581,852, """, Sh-20
epte=2xy
e t+e,=2x (9)
eyt 1=2X )
e=2x ¢, ()
e;=2Xg3—2X yte, (10) (a) Different degrees of fuzzy image edge detection average
error curve
Cp 1 =2 X ()= 2X gyt F2X 02X =€
(10) €o, (xia1
X;) LOG
[71
b o
3 (b)
(b) Different SNR image edge detection average error curve
3.1 5

3), y Fig.5 Simulation data



% 12 4 & T AE R TP s )b AL E B AR K UAT A SO SE A ok 4109
LOG ,
3.2
321 MEEE
1700~2 500 mm s (a)
400 mm, 10.19~14.40 mm'"! (a) Error curve of measuring contact line in different heights
s 15 mm
2 - N
, Photon Vision System
LIS1024 CMOS, 1x1 024 |
7.8 pmx125 pm, f
30mm . s a 35°,
2000 mm'™
322 EBREZER ®
o K (b) Error curve of measuring different stagger values of contact line
N , LOG
- DLE70
( ) (
) . 6
o 7 o
(c)
(c) Error curve of measuring different wear widths of contact line
6 (d) 4.5 mm 50

(d) Distribution curve of 50 times measuring contact line with wear

width of 4.5 mm
7 s 7
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Fig.6 Images before and after round steel is worn
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