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Machine-vision based method and apparatus for in-situ
measurement of railway turnout parameters
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Abstract;: The primary factor for train derailing is the turnout’ s aberrant geometric location, thus, it is crucial to monitor it in real time
to effectively avoid derailing. This work develops a set of online in-situ monitoring systems for crucial turnouts parameters based on
binocular vision to meet this need. First, an online self-calibration method based on straightforward labels is proposed to address the
issue that the vibration of railroad traffic readily changes the exterior parameters of the visual measuring equipment. Additionally, laser
marking is utilized to strengthen the texture characteristics in turnout monitoring features in order to properly detect them. This can
resolve the challenging issue of monitoring features locating following the change of imaging viewpoint produced by the swing of the sharp
rail. The Gaussian-weighted grayscale center of gravity approach is proposed to extract the center of the light strip for outdoor light
interference. Our method successfully overcomes challenges such easy diffuse reflection on the metal surface of the rail and can
accurately find monitoring features. Binocular stereo collaboration is accomplished, and then the monitoring of turnout parameters is
finally completed by calculating the spatial three-dimensional coordinates of monitoring features. The field real measurement demonstrates
that this device has low hardware cost, high resilience, and rapid speed, with an inaccuracy of approximately 0.3 mm.
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Fig.4  Control point extraction

WP 5 o (B —dEbR g AR MY e
WA ARRR g M(X,Y,Z) e ABLAR AR R T B A4
Grak MR MY B Z R (1) BR
M" =R'M’ +T

) ) (1)
M =R'M’ +T



5 4 3

BRHE T SR A A LR T ik R

. 83 .

(=]
ﬁg—

=

o
Panyonh. BN

oD

AN

I\

K5 AbrEnsEA
Fig.5 Self-calibration diagram

Horp R T FIR T i Fom itk B Ak bR R 5 A2 A M
MLA AR 22 [] B e 2 P RS

e (1) A
T Tu Ty cosacosy — sinBsinasiny

R =|ry 71y ry|=|cosasiny + sinBsinacosy
Ty Ty Ty — cosBsina

r=[t t t] (7)

Hp, o« By BIZEX,Y,Z WEEEA, 1)) Toy vTay vTor
Top oy sy <Typ P Ty AT HAILARS ZEAHAIL R BESEHE I R 11
G ey ST 50, o, Fl e, PRI T 3048 X, Y, Z J51a)
PR E . X (4) FI(5) #HEATIRIT .

_ - X
ST 1Ay |10 000 y
sy =10 f£ovh |01 00 p (8)
L1 ] o o 11/L0O 0 1 0 |
o . X
bl Sy Bel|™a T T b v
sy =10 Syovo | |Ta T2 T b 7
L] o o0 1 Ty Ta Ta by 1
(9)

(IS, AR LI A5 =2 [ %) 4 BB B 29 (R A L, AT 52X
(10):

(XU = XY 4 (Y -y (20 -z - =
0 (10)

BkbR% B 4 DR R AR (X, Y, Z) , 735k
A AP S 6 DARASE(3 MIER M « B,
y F3ATRRE ¢ 0,0, ) o TRRZE BB LI RT 4]
4 AL J5 i (A2 A5 AHAIL Y 15 A b 5 25 T8 A s 9 X6 7
KR) VIR EZ) 4 AN R, et dx4+4 =
20 MRS TR . XTI T BIARZEE i, T A

200 > 6 + 12: (11)

MPREEL i>1 B, AR A AR DL 4B S S 5 (SVD

M" =R (R")'M" +T -R(R")'T' (2)

ABHAR=R(R) " MT=T -R(R) T ki
(2) , A R 2 3x3 WBEF A, T 3x1 W F B
W, A3 SR Ae A AL Z ) (8 e ~F- 7% 2 1, m] 452X
(3):

M”" =RM”" + T (3)

AR R AR R 0, SEMVAERR 0! EeES
(RPMT =M ) s AL A UG AR A3 502 R m™ om™
MBS R ] HE Syt FAR AR A A8 b 5 R
PR AR Z 8] SE R, I (4) FI(5) iR

sm" =K(11 0)yM”" =k'(11 0)M? (4)

sm” =k (Il O)M” =K' (R| T)YM” =k'(R| T)M’

(5)

Ho T RN BT HE R, s " R 2247 AHAL H i 1A
T, kK FORMPLNFRSEL, R M T #47RIE, ik (6)
F(T) s .

— cosBsiny sinacosy + sinBcosasiny
sinBcosy  sinasiny — sinBcosacosy (6)
sinB cosacosf3
IR o AT R ERSCR R AT RERIEA LS T AR

SRS, AL SR A TE AR AR 25 A 41 4 thil s 22 Ta] il R
SR L=20 mm , f# FH=(12) %) =4 b5 B 1F . TR

Prok B Rk i TSRO T W S T = e E
FHI A EREIRE,
) ) MM+t
MM =M+ (—————) XL 12
+(HWM“”l)>< (1)

E=Y 3 CIMER.T) = m, ) (13)
FIBE, b T R G655 s R, 75
W FRE FHATI, 2 AT 3 EC b ok Ao
BLNS K RLE sk 1 B,
R1 BNNS

Table 1 Intrinsic parameters

S8 ZEARML AL

@ 7273.53 7 201. 69

B 7 272.48 7 183.20

y 0. 00 0.00
(ug,v9) (1371.36,1873.16) (1 374.16,1 874.27)
(ky ,ky) (1.11,-0. 10) (0.30,-0.11)

Nk 6 B A5 ZEARBILIEN E AN Bl , A FE L2 e = 2
MRS S RCH A IR G TS 6 A B R TiE
Fermr#izd, TR G5 UCERRESE S B
K0 B Z AR B, RO E 2 )R, I A
A RIASSC A B e 53, B s 2 R P AR AL S 28 2 1] )
AR HAIKES RN 2 s,



- 84 - LSRR R e o

8375

Ko AtsEilif

Fig. 6  Self-calibration test

*2 B
Table 2 Self-calibration test

H®MEREST) ik AR KNS

(0,0,10) (0,0.010,10.010) (0,0.010,10.010)
(0,0,0) (0.001,-0.001,0.014)  (0.002,0,0.0.012)
(10,0,0) (9.984,-0.017,0.011)  (10.005,0,0,0.016)
(0,0,0.174)  (-0.001,0.002,0.169)  (0.002,0,0.171)
(10,10,10)  (10.001,9.898,9.997) (10.002,9.911,10.001)
(0,0.349,0)  (-0.001,0.351,0.001) (-0.001,0.351,0.001)
(5,5,5) (4.987,4.967,5.011)  (5.995,4.991,5.016)
(0.174,0,0) (0.172,0.001,0) (0.171,0.001,0. 002)

R R 5 T FR 8L E A8 4 f5 A X BT — K P A BILAL AR
e, MAEMARPLIO AL E R, BEHE it R BALH rad PR R T H:
AN mm
1 2 PR MRS P11 2208 0. 02 mm DL AR SC
1) A bR bR 1R 224 0. 03 mm LAY, T AR SCHY AR E
JB AR AARSE , RS BEARE T SE R A 22— 2
(), A I AR ST ol M 0 2 5 ot 4 PR 2
M s A 1R 22, AR S SR P e R A o A DA i
X NEL T Fs . BI5GB TASCH OB E A LA
Z AbRER LRI S WH E A B b ot
S b =BRSSBT RS R 2E H L AN 7 (e )
B o
P T 85 R K 3 o, iR RiRE N
0. 069 mm , e KA XT iR 25 1. 23%, 1R 25 b5 o 5 174
23K 0. 067 mm,
xR3 mEGNEER
Table 3 Standard part test result

ﬁ*f\(}ﬁ}@ﬁ) H,/3 mm H,/6 mm  H;/6 mm H,/3 mm
B{t/ mm 3.037 6.057 6. 069 3.029
R 0.037 0. 057 0. 069 0. 029
AHXTIRZE/ % 1.23 0.95 1.15 1.00

3 EESHEN

3.1 EESERNEE
BT W15 A5 22 B AR AR L 22 ], R O &

.

() R<THA

(a) Dimensional drawing

BAFy SEFE
(b) LA
(b) Physical picture
; RS R
6 e
g 5 H H;
@ 4
“HE 3 m—————— e
2 H,
1 H,

0 20 40 60 80 100 120 140
(c) PERLER

(c) Test result
7 ARdEd
Fig.7 Standard part test

B AE R AR BUE LT Y 16 mm AL KSEAE, i 8
(a) IR, WOCE BN TERA R EHOCLIC N 1, ,TER
BUERICH [ o 0 3.2 TR, S8 OO AR B0
PEWL, A PAFHOCAR B EIIFFIE L 1, AR C 485
BAME . RGP A B LARE I AIHLIN 2 FITE L bR E
62 IS A ARALIEHG AT X H S A DL IS, TR AE
B 1, FATA SRS C Z4EARR, FERTER B B4R Sk
TTHEME

18

.’wh:

(a) RETURFAE AL

(a) Detection of feature points

S5
o, . *’Xf

AETE

C(x32,)

(‘0 ('\AU 2 .VU 2 zU )

(b) LT SR FR

(b) Geometric parameter relationship

K8 A i p

Fig. 8 Detection principle



5 4 3

BB 5 S BB AR I R 5 85 -

W 8 (b) PR, MG R EARHIE AL C, (¢ FRERY
AR 220 A0 e, O A4 1 e 20 1y ) () B3 AN I
HZ L, KD m B c.c', ek M, (0~
20 mm) , JFCHFHIELL C, =HEAR A (x,,y,,2,) LT3
AP EHOCARS L, HETFEN ax + by + ez +d =0,
2B M, R B FRIE AL €, B AR F %k L,
A, B,

| ax, + by, + ¢z, +d|
M =CC' = (14)
Ja& + b+

b 0 RE 5 R g FE T 7 AR IXOTE T 7 28
JEE () S BT B R R 0~ 300 mm

FRAE S C, MIXTFRIGA A B ¢, TEZBRTHE DT ) B 1K)
%% ,ic A P, (mm) €414 P, 2 ¢, BIWILA 0L & C, HIK
R

P, =l C, - C,yl - cosb (15)
3.2 EEHORE

H T ARPU EARWT AR 4 | 327 BR T R0 A LA SR
ZEEI R AR A PR Z s ), T R B SRR DL e
DL, R IAR SCR AR 108 72 MR AE i 7 %6 . 170,
T REBARAS W AR AE |, T X AR BRI A O &
SUHAT IO, OGS BRI R, K
JEHLOE BT A steger BLME A SU4IAL LA K T )AL
M SFAE G TR AW B, AR, X S B oA ) 13z
Yy AT 2 X i S48 50 05 et A T AN A ettt

T A 7 5 48 TARTE AR5 ot a0t
$EH ) 2 BN B A ARG IR T, A SCR A 38 Bz AL
B KOG S e e AT DR I AL H L A, O A BT AR S
ARG e I SIS R A A K
CSRLLTEREAY BRI 256G, i 9 Fs, b Tk
BRI O H G A SCRR I TR TR & T )
LA i O L v AR DL ARG R
mr.

AR 1) EG b EL

J T R B M SR SO T, WO &
SRS AT HER AL BRI 5 8050 B, 58, T s A
PG AEBRCR BT 1 000x500 ] SF A R O 4% I B ik 33
PG IX I s AT, R FH X D8 0 bR 45 et LAk
P AT AT MR B IO S BN S AR B LT 29 3 25 B
PSLEFS 5, SR, Gt b S B RS OR B E o L
L=, +1)/2/M1, =1 -1 #ERGKEERKS
T/ N, 5 6T O I XU (E 4 SO 48, H
o, 1, O EMEOR BE B R N B B R OK BEAEL, 1, T
S| Foe i W K BEAEL, 1, AR A K BE R SR, 1, N
EEE, 1, MR, W AR 16) G EE TR
07 1 (R A2 BB AR R R R AN

() EKERER
Iu(a) Original quality of the lagef

——

(b) KB RS (c) BIEARIS)

(b) Head noise (¢) Uneven widths

Ko BotaoE G

Fig.9 Defects of laser fringe image

(d) B
(d) Tail noise

Sow,d,, <I(x,y)
N:
S Y (x+iy+i),d, <Ix,y) <I,,

(16)

Hr w AEOERBOE R ZMHERER, [(x,y) NIK
JEMH, Q2 R 5x5 BYIRBERBARE 11, 1% 5 ] A 880k A
SRIREEE T, e SR ER B O 440,

AR 2) PO

BT LT P35 Y zhang-suen 6104040 5 15 3k
PRBOCSRBU R O B SRE Z A0 Sk SUE R ) T
) RS SRBORG BE EAAAE—E R 25 . I, AR
SCRHH IS W I AR ) S s an A ik it T 4 AR
G 7 1B 9% 9 K/MEAR T (43 53ieh T, T, T, M1 T,) ,
10 PR,

0 01 o 0 bo .0
. 0 te, :
: : .0
0 01 o 0 0 .. 0 1
FIH, T, T2, 7T,

0 .. 0

0 .. 0
Lo 00 .. 1
0 .. 0 : -0
: : 0o . :
0 .. 0 1 0 .. 0
JrW3, 7, Jil4, T,

K10 J5 It

Fig. 10  Direction template

FHVA b A AT 6 4% B 20 0 A7 3 3l 45 FRAR B 45X
(17) Bz, e 3O Rz f5e K B 7 i) A R 380 £ o 0 w3 07 18]
R, FRE O 8 KB 75 1) A L DT T R G

M-1 N-1

DRSNS E NI EE S NE



- 86 - T 5 R A iR 5537 %
N N | -1 (17) biv- 3t & vil=a
[ + cee -_—
S ,ee o 53.05 e GREE L2
s ZH v 975 ¥--b
ST AR I AT ) maxH, R FE s300} ey
D (18) PRI FLOH L (x,,y,) o 2205t 4 F, A
= ; U A ! r Ny d " tr
=x. 2 by oontlop oy ! ‘\" o
e g%mo ALY S L
I(x,y) +x < 285p U Y T
u%’gl (18) = l,: l,,’ “; ‘I: vl 1,' ': v
o= 5280F w ‘ v by Y
Y [(x.9) ! : 2
(x;,7) €l 52.75
R 3) KA 5270

y‘?Tiﬂ:*ﬂgﬁ(ﬁ%%%*‘t‘ E"]ﬂﬁ{%%%ﬁ? s HT steger
FREPARICAIELTTI F = (n,,n,) ERHRFL (x,,

yJL%%%%ﬁﬁFLE%%LTﬁmmk:gﬁﬁ

RTS8 AbsiE2ZE AN BUE R 1, BERT LT
) b B AR B F035 (19) |, RA AR SR B
LWARZE AT (x,,y,)

“ (x, —x)°
. ZL,x < A(x,y) - eXP[‘T
R (x, - 2)’
Ek,l(x,y) 'eXp[-T]
k’ G =) (19)
;}*'I(x,y) °GXp[—%J
Y = 2
d (y. =)
Z/,l(x,y) 'eXp[-%]

(b) 2R84k
(b) Stripe thinning

(a) EEROI

(a) ROI of image

(c) KA (d) KL

(c) Raw center (d) Precise center
Bl 11 o
Fig. 11  Process of ceter extraction

IR FARDBREATHR I, AN IE 11 PR, 500 K K
JE O -a FIAR SO i5-b PAHE 26 o0 AR AR (E U EL, A
B12 s, AHECECZ T AR SCRRBUE A o I 4 H.
BV, ATE v IO TE G R AR W B BOL &
LUGEEAI G LU R IR T I AF B, AR KRR L ARAIE
TRFIE ELA AN SR L

710 715 720 725 730 735 740 745 750
A8 AR /pixels
SRV S N VAT RO

Fig. 12 Center position comparison

3.3 4FEARERITE

X EREOLE S AR R o R IR S 1S 2R
A7 280U AR, 2 PR 2 24 o) R0 — Sk R A7
PRBIVCHEL , BoAh , A SO S 80 B By o sS4 R
HSLRDLED, R4 R LEFILED /b RS AR, RA
R (19)HEIRE  BEA MBI (0~0.5) HEATHIFRIT
Pt iR 2= R A VL L 44
]
y y

SRIG , F T 0B e B = Ml ik, 45 A 2 TR
FEIAN S EL, T W R AE AT = R AR B,
RANSAC BERIEAM | =4 ST EH L 1, U4,
13 i, B, F0 08 301 9 Uk p I o R L 5 BB 75 S
o5,

x 100% (20)

e =

o SUREAE TH5E

600
£
E 400

60 \\ N
40 T~ 00 120
20 T~ 80
0 >~ > 40 0
y/mm 720\6 20 x/mm

K13 B IRE T

Fig. 13 Monitoring feature calculation

: A
il

—H&AEL

4 KBHH

4.1 IIHIRE
IR SOK R BR 25 51 I S8 7 s I AR B 9 R 22 P, B
PR G s 8 AR SR 2 T N A S X E AHALAR



5 4 3

BB 5 S BB AR I R 5 87

FREEMI S, [EIN A T BUHIARER RS B, AN S0k B
AR B Z ST, A 14 s,

(a) AT (b) B E
(a) Our method (b) Chess board
K14 BlgbrE

Fig. 14 Field calibration
MRAEHE 2 PR R H S 2 A brg JEEL, SR 5 12
AR HAMNLONES APRESS R W5k 4 PR,
x4 IBEREHE
Table 4 External parameter calibration value

SRR e i PRSI ¢
B -0.088 6,0.1235,-0.009 6 30.938 3,25. 864 3,649. 597 6

HbrE 2 BB BRRIRZEN 0. 57 pixel, [FHF, I

IR B 2R AR E [FIRE AT AR A% 0 B AL G 5 e R, AR A

WEFEHE R 5P FE T, AR L aRAs i iy s 21, Xk

AR RS T =, R 1S iR, s

PN Ui S LSRR B L 5 S I S iR 2 A
0.013 mm JLEZ A,

150

100

z/mm

50

300
0

-100 x/mm

y/mm

-300

F15 4 S A

Fig. 15 Distribution of control point

4.2 FEFEHDIRE
g T IS SCRT 4R O 0 T 2 A R, AR
L steger BN EURAREU 285 FAE I IEAE S 7% | steger B
T RO BEIBORS BE T IR B EAR R PN A A A AR
AN ARS8 R B (0 DR 43 300 AR B 530 1k 5 AR SO
FHJ5 2647 22 05 T Fe I, an sk 5 s .
F5 BOLIREER
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