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Vehicle Based on Machine Vision

Pang Song., Ma Jinrui, Wang Xuemei, Ni Wenbo
610031, China)

Abstract; In order to solve the problem that current dropping the steel wheel of rail—road vehicle needs manual assistance and the

(School of Mechanical Engineering, Southwest Jiaotong University, Chengdu

efficiency is low, a guiding wheel dropped detection system for rail—road vehicle was designed and implemented based on machine vi-
sion. The system made use of the camera mounted near the bogie to obtain the image information of the vehicle and the rail, and com-
bined the algorithms of the Edge detection and Hough transform to detect the relative position of the ground marking line and the steel
wheel of the vehicle, accordingly to calculate the distance and angle between the rail and the steel wheel of the vehicle finally. The
measurement results were transmitted to the flat— panel monitor. in the cab through the industrial wireless network to assist the driv-
er adjusting the position of the vehicle to complete the accurate landing. Experiments show that the system can effectively measure the

distance between the rail and the steel wheel in real time. The measurement error is less than =3 mm, and the update time of the re-

sult is less than 200 ms, which meets the requirements of the accuracy and real—time of the bogie dropping.
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0 5|8

OSBRSS B 8 — P IR T 76 0 B b 38 4 L T 7E gk B B
FRHIH B . X R S B AR R A kAT A
BIAT S, A B AR, REEM TR E S,
WEPILT . EAEN L, B Rk IZTT. ©REW 7 T
R RN B R 1 R AT IS R s AL, BRI
R A RIS B RAEHLSD . TR B35 5 i SR 4 T —
5, B-MIEEMAERELT S K BWE, BAMK,
g, o m 2 s

LRI 58 0 2 4 6 38 7 R AR 1 R A L B 5
AT H e, B — A A2 ZE 25 F) A IR B DAL 3 4N e 5
PRRE S, R R A R VLR WA 5 BB AR X
TS BUXT TS L. X A7 P63 A ) LIS B8R AN

Wi BEH:2020-10-19; {&EIHE:2020-11-12,

Bl TS HIL B AR AR AR AL BB R (1 DR A e, S
T ALt DL 9 I B PR TR L LA 0 R PR R GRS Y T
B BRI EAE AR A TR D U AR I A Bz B
FAY o R ML LS e B AR O N 4 45 9 B 4R O X
AN T B R M R v A R i R BRI s 4 A
FAFEE S I
1 RFESERNTRE

NHBE S g T R SR I T R L B R
TERRPLSS I 1 A AN B Lk, B R 4w LA i e B L
L5 BB AN 7 B EATICE A O E L. T BRI R
G BEAR k [8 E 2REAE 0T U, HOGH 5 s ThT o B 4
SRR S AT — AR, SRR K R S S
FERYMIX A B — s . Pt S A I B AR Sk v O A M T

TEZE® AP AR1997 - B WU NR N 8L AT ST A= o 2SS HLAS A58 7 18] (AT 5T .
BIRAEE : EEME(1968 - 2o, I A B W) o+ 1 1 o 32 5 A b 00 2 3 R % HEAE 0T S8 v 1) 1o O 1) R F 7
IR . DB ETME.E SE TSR A BRI IE o PRI R G L) ] AL A 5 1] . 2021,29(5) .54 - 58,

BB M www. jsjclykz. com



%5

Pe  dy. A ETHLSASE KA REKE G5 K USRI R 5 « 55 -

B8R A5 BRS04 D B B B R O A% A . T DL B
RIS AR S bR RS 2 R RS B AR RS A . A
EFR R LT HL A0 7 B G A AR [ A2, g nl DATE S
HH B 5 IR i B B D RS A . B R A R AL AR dis it
R BB I2 0058 5 B PU AR X B O X . 2R AT
VPR E A

1 Fpuk i Jr 2 18

AGREIRGER 2 Ty 3 Aoy, BRI T
A0 AR B 53 M AR R o ANIEL 2 B, e A &
PTERC M 2L ML 28 N T AR Sk REF AT J5 K
KIEER, ez T SR THNK TEIL, T
BUXE R A 1 B R EAT B IE . AR SRR 5E, 19 B BE &
5 T R 2 ) R O G AR Ol i Tk T SOk
giRfetm E B B HLRAL T2 B % P AR R 4
AR 5 R LB AR 42 58 R BLah

e USB

F

— iR [ W AR

uns

e
2
I

FEHRRAHS TGOS AL GRS

2 RGUEIREH

MIEARIIBEF TR, RNREFEARSKEE,
BRIEDRZEARN Bt +3 mm, [ 8% B A — 2 SCR
FAAH AL R G5 T 35 O B[R] AS B 4 200 ms, BUH ML R 487
ey ey 7 B[R] AN 02 BB i 500 mis, AR KL RE 067 19 3 L RN
FE K YE [ Y. K F 300 mm % 300 mm,

2 WHiEt

PRBGE TR T IR R G RE A oy EE m ARk
TARHL. Tl JCLR i 2% . U AN P AR s 5 S A .

2.1 BELmEE

TRAG S 1 18 7Y BT 2 2% 22 3% o7 7 0 [R5k BV 1L S5
B TR R AR G x e R S R e R A ) R . R
REEEFE 7 USB3. 0 #2 0 iy i Tk HAIPL. BR
F—FE 1T CMOS BUL RS, Wiy 20 fps, BRCRE R
GBS ][] B 50 ms, R8I e 2R e M Ly By B) 1 25K . $e A4
SLATHLA N 1207, REFEA 1 m, BGREERT X
L8m« 1.8 m, V2B ER., Hike PRk
2592 %1 944 8, BRAERBERN 0. 7 mm/pixel, ARIZWE K
PRI R S8R B 25K 3 mm,

2.2 THENMILFELREHASEETR

Top G AR RGN F GG, FERM
THEWEGEIE . i BB G RR KGR, ik
THEYLAAFEEE N Windows10 #:/E & 45, Intel Core 15 b H
BB R DL b b R TR GE A T ORIE R G A Y S
A

LA RO 45 Bl o TR W g R B A TS M E
AR SN 4 AR A P2 R R 45 R R RS R X (ROD)
BB . EHR KN 0.31 MB, Lk 20 50 Mb/s
AREIEF 20 fps B W R MR, FUAL L B S EFET Ak
Pl el 2
3 BHEiEit

ARG T A EA LR F ¥R E T Windows RETF
B LabVIEW P& 508, RGN T AALFR ¥ A2 & an &l 3 B
w. BFIFRE. P LabVIEW #5685 S 1 i) Configure
Grab. vi #EA7T45 8k 91 16 FL L B JE A Grab. vi 3K B — i
Efg ., A CiEF T OpenCV 45 T ER AL F AL ¥ 3 4=
J3h % 8% 32 % (Dynamic — link Library, DLL), fE Lab-
VIEW il i DLL, AT 52 B0 3% B i P8 Tt 77 ey 22 5
1E. BRAL AR B B AT RE . BT R R 4 2R RN T SR
LB EG T TCP/IP hislfE i = Bl AR T
S E 4 Fros, S8 BRI 25 R R B TE B SE R R

IhAE.

BRI B

P18 WA IE
B4 15 B Ak 2

SRV LB R

K3 AL HLRR T R A

3.1 BENHRE

B R G AE T AR B AR B B, S EOR
LR e Ay A =S 8] LTS B i EL SR LT R 4
4 PR — A A W 78 5% 25 P i A DR 22, TR I b 200 45 FR AL
HEATRRE . ARGIRAG Sk — @ TG HEE, L8
J7 T AN 2 F R A O A A [ AN AR X — R

#FE M : www. jsjclykz. com



© 56 - P A 5 45

B4 AP i A

AR RGP T Bk Y Ak IE A bR A RRTY M B IR ML HEAT R E
SRIEEAZ Sk 940 S BRI A48 S50, 9 0] Sk B 3 17 i AR
BFIE™ .
3.2 EgraE

FESEBRI A, R R AR (RS B R Y
WEOCIAR) T RER BB S T &R )8, 53
KRB ER R AR . FERBRAEZTRE. 6. ik,
S — RO Z G, BB ESHR T, HIE
BRI AE A B 22 0, 75 X OR4E 1 R 47 1 0 55
Qb B,
3.2.1 BEGHER

B G AL 3G A v T AR 1 B8R 7 1k 43 SR S ST R 3,
N RS R S B CA RO e (S E g e )
HEAE R AR B (A AT R AR B, DATT S B PR A 3 g AL
Jo R T R BT B R EAT B AR e, AR AR
i R R T LA R R B SR B . X L R s K BN . A
T S B A% B 3 50 . 2 A 38 0 ok R B T A2 X 1% Y B
H AR AR A AT IR, HLREVR B B g

REGEE T B kb E T B ML, ZBEN
18 G A 2 G R A 2038 3l 4 R S i B o A
IR BEG BB 51 A AE B X N O 1 HL A BT 0 6 L B
SREE S MBS RE ST H 1 T I AE B A A B I R EROR
FEBCHR N A E 4, B U 6] T MR AR Y 6 bR AT — E Y B
i, I HMEG MK, FAEE T RMA L, Kim
PR T — R TR TR (B B R AR E Y T
E ¥ 5k (BBHE)Y, 53X Bl 75 BE A8 05 — ELOR F5 K B
BG R s2 S E R, R s B g . Wan 58 AR
TS T B L B BT B L B (DSIHE) ™,
T L K PR S ) D TR A5 R BOAE A I TEUR 4 0 AT
Wik . sLAh, oK R OWE O B Y B (MMBEB-
HE) M3l o 3 R 0 24 0 S 35 52 B 22, B bR T 358 5 1
PG 55 T V1 1) 52 B 3 (B ) 1R 25 e /D o AR SN SR 4 IR 4
BIEAT LA Dy vk e, SRR i 5 A 6 B

M55 Ak sk L LR B 5 I AT DL . BBHE 533k 3% i
B EMR BT — s R AR AR, R AR T K A 1
BRI E R, I BAER KT KBBR8 H B [ B
FIA T M5, DSIHE 5 fit MMBEBHE % % 4k 2 )5 1 &l

(d) MMBEBHES. ¥

(c) DSTHESH.¥:
Bl 5 AT 7k 24 4 A AR B X

xX10* X 10*

BE BE
(b) BBHESL ¥

X10* X 10*
T T T T T 6 T

0 50 100 150 200 250 0 50 100 150 200 250

(d) MMBEB}fEﬁSCE

B#E
(c) DSTHESE ¥k

Bl 6 AR D7 ik 4405 10 7 1A LA

B IR AL ROR BN, (Hd 4 T e . MMBEBHE &
EI R TESR, TakeRt, AFE—F 1 600 « 1 200 4%
FUKE 0 K B R 5 KB 9% 3. 8 BP, 3 3 3k A B AR I R 48 52 it
PEMER . 25 AP, ARG T DSIHE B ikE R
P A% 338 i B
3.2.2 REGIZER

BEXFAS R G0 BTG AR R, 2 SRR AR AL e e v B O
R 3R 48 0 2 T — HeAl B 160 bR AR RN B RS 1 AR
ROT X3, PASEAE 5 20 4b BT, 3 B X8 K/l 130 «
600 &, MK 7 () FimR,

FETMEZ ROL dr S IO (00 b5 35 28 1 30 2 FR1E
DR MG 5 0 AR 10 A7 10 R . AR 2R 4 3k 5 1O 10 R G T T
& Canny 871, X Rl GG N 7R 5 5 Z B T,
Xt S AR F ER . BRI G E — MRE AL Kl
AR e o HL D B R S R D v S 0 U0 4 X R R AT O 0
FRARE BT R B — B A BR 25 40 38 U B S8, 11T
PRG035 5 O B R 7 1), DT f 58 30 % . LRI I %

BB M www. jsjclykz. com



%5

Ve RN, S JET LA A BIKE 4 T BRI R 4t < 57 -

SR A T 1) b A BUAS R A I A
M, = | flxyy) % VG, (x,3) | (D
f(xyy) * VG, (x,y)
| flx,y) *» VG, (x.y) |
Krp, f (e ) HEBREE G, (x, 3 bmHiE i E
s M, ORVA, G35 R B R R A 5 18]

W7 (b) ATLLE . Canny 1 G465 I ) R B K T
B, WERRI T W A AR E R ML G HL. HE,
B bR R A 30 2 15 B B2 AR T RASENR 1
REL AR GGG PR T A Ok SRS E R,
BT REAAAE HeA T HLF . ., B 7 (b) Phpi&kibs
EUHE-BERMASRSEL PN TIRGER. XTTRES
B AR A E R 22, BT RL, 3 X A R 2 AT i
—RESR B, RAMERBEEWATITHES. RiEX
—FFAE . MEFF T RIS Hough A8 4t X B {5 o 1) B 2k it
17 B SR E N7

mE 7 (o fis, fad R Hough 84k, bR & iy 4
IR G R I T ok, W HEB AR EL ETHGHE
L 4D RRE, XN E R BT R EE R R TR
o fHAS AR, Canny 5336368 B 40 0 30 2% % L X

Hough 45 # () R B A 2 0
FHRULL
4 ®
s gins

(c) HoughZE AL R

A, = 2

®

bl

(a) HETEROTIX 3R 5 &

(b) Canny i 4R R
K7 G 1EBRBGICRE

3.3 WmNEE
3.3.1 WA snE

WS ff FE S48 2 22N FE 5 1l T AR L =2 (R i 2 A
WA H Al EHLERGEERP WA RME, FH
Hough B3 8] ThR B & I A5 S H AN 4 A i s AL bR fEL

MR H LR X 2
P — (3)
K, a0y 2o vy 30 43518 [E — 2R WA s s 1 A A A
FRAE .
LSRR EL T RN
Yo =k, x,t0b, 4)
yo = kazy+ by (5)

Hore b, e, 3000 RS HER R, HEUE M
%, mX (6 IITEARH.
b= (6

R 4 3 RE SR AW A% A 2 0 9

6 = tan 'k, (7
3.3.2 (AR
nrE 8 o, O R Sk O Rl A M P I LR R O
(z,s ) BEREEBGR O, BEMEN (75, 3000, fE
OP EH ThrEL. SHEXEBGMEZT A P, it iR
Bl P ARARIE (ops 3p) e

BBV NS BERE A
f. 0 ¢,
A= 1|0 f, ¢, (€))
o o0 1

Kb oo £ 5 BB HLLE « Ay B B A ROEER 7,
cov ooy HEHEHLP L AT RR

9
d, =+ (10)
Hob. f RREE. .. d, B0 G AR Ly )
R 1R K
Nxr = Nx*d, (1D
Ayr = Ay*d, (12)
Ky Ax. Ay BOP WG . y i EWBRESZ
%5 Axy Ay HBER S E X R I PR 2218 .
B, O fSEPrf B S m M HLM SEPrIE 2 D o .
D= /(Axi + Ay (13)
HRAE O M EPRfAE SIS FM AL E X R, HEmiA
R S o Ak oTB L TR (7 el [ RO [ R S ER

K8 FHEg IR BIE

4 MFRBERSHW
4.1 EENEBEESH

IS EAS R G R B AR E R, A AN R B (R
KB AR LHE (EEEIE. B3 T#HiTHEIA
. B9 RTERE R, MR, ZEARE5h. 204w B i 52
PR 2EE . MR B HR Ok B IR 22 A A AR VFTE BN, IR
b5 22 45 LG R I R — 88, ZE 4402 Bl i bb e J b B R 25 K —
g, HRAGERAE 3 mm Z . R G000 R B AR R N
K.
4.2 FZ %0 R At E 5 AT

TN RGN AT BRI SR G, WL R

BB M www. jsjclykz. com



58 - AL i 5 4

529 &

[ ieso T fes o W Rl — BTk

PO ZE{AiE B 2l iR 22 18

WE TR Bos A LT R, ORI R G A, %
R — UG T v B A AL A SO AL AR B L 00 B A% e o A
B AT T, PR AR 10 BrR . T RAE O ARARPLIE
SR K R R 8 N N [ g5 AN B 200 ms. B
MRS (EWEHE & E— DRI BRI R
5 1% ) 0 B [ B R — b, (E T o 2 Y R G W N R ] 2
JERBAER, BIA® T 500 ms, HHRHE I L 52 R 5
X SEREPE I ESK .

600

6] S8, B} 16 /ms

RS

P10 i g s ] 0 G 2

5 &XRiB

E X HET A BRBCGE IS T TR B, R R R
BRI, BT HLEs O A T AR EBRE S 51E S I R
4., MRS EE IR IR R, RERENER BRI B is 428

WP RS I R . BRI BE TR 25 NS £ 3 mm; FLA
HUIEIAGAS I | A PR AL iy SR I ) S 5 200 mso A6 KRS
JEE Je S PR BE W L DL 2. A RGN AR #7% BL
MR T 30, TR R M R v A 7 R e R BRI E 4R
G IO LT

5% Uk :
L1 SR 3C, TR . 2 3k 1 T 20 o 3 Tk i b o ity ml A5 HEF 5
[J]. #iB 44, 2000 (10): 6 -11.
(2] BUENL HETIHEIAER RN EGLEEER [J]. FRERR
THE, 2019 (9). 145.
[3] Salvatore C, Alessandro D G, Giuseppina P. In - vehicle stereo
vision system for identification of traffic conflicts between bus
and pedestrian [J]. Journal of Traffic and Transportation Engi-
neering (English Edition), 2017, 4 (1): 3-13.
(4] X0 4. B XRIEAAMPUAR E Mg (] b2
A, 2014, 40 (6): 565 -570.
(5] VKM . BRI, $RGPURE RS EOR U] REBl
AR K 2244R . 2019, 29 (2). 59 -62.
(6] Z=Haty. PGS AH CH AR B 5T [D]. Bk : s+ 8
K, 2013.
[7] Kim Y T. Contrast enhancement using brightness preserving bi
— histogram equalization [J]. IEEE Transactions on Consumer
Electronics, 1997, 43 (1). 1-38.
[8] Wang Y, Chen Q, Zhang B. Image enhancement based on equal
area dualistic sub — image histogram equalization method []J].
IEEE Transactions on Consumer Electronics, 1999, 45 (1). 70
=75,
[9] Chen S D, Ramli A R. Minimum mean brightness error Bi— his-
togram equalization in contrast enhancement [J]. IEEE Trans-
actions on Consumer Electronics, 2003, 49 (4). 1310 -1319.
[10] ERZE, BilgE. X1 8. T Canny 55 80 1930 24
Bk U1 BRI, 2018 (27): 13 -14.

[11] £ %, RFEKR. £ES. LT Hough 224y H LRIy &
gt [0, W02 5 25 W 34 5 B, 2019, 42 (6). 214
-217.

$229,232,299,299,299,939,099.203,999,099,299,299,239,099.093,299,039,099.299,939,239,290.299,239,099.099,203,039,299.299,933,239,090.,293,999,099,209.,293,239,009.293,293,939,099.293,999,039,099.299,239,099 093

CR$25 53 7O

(2] #H. ™ M. & =, % EHILEERR
BB, 2016, 337 (8): 62 -66.

(3] Fisf 0, S fdm. WiLE, % BETHEROERI A 3 HFR
Bz d 5 s (] Aol ML, 2012, 43 (Z1): 6 -10.
4] 5 =, & B fRUER VRS EE RGN &S [J] $

gy K224, 1997 (4). 48 - 52,

(5] Bp #, FAiA, BhLRIE, . HHCPLI R S0 & iy 4
Ok L] RPEDESE . 2009 (4): 237 - 240.

[6] JH ., Sk, [2Fig, S5 P48 9K 2 b oL 5% S0 I
SEES L], ARA K240 AR, 2013, 44
(3): 423 -427.

[7] #hsc, m ok, Bl 5. BEmATH LA NHERIALIK B4

Byt [J].

MR M 5 0 [J]. fe Rl K2 %4k, 2015, 34
(4): 130 -136.

(8] 7 S, ska&RI., TAEW, % HWHALEERILLMKRLEN
Whdl (1], RAHLEBEsE, 2018 (8): 241 -244.

[9] Chris C. Ward, Karl lagnemma. A Dynamic — Model — Based
Wheel Slip Detector for Mobile Robots on Outdoor Terrain []J].
IEEE Transactions on Robotics, 2008, 24 (4); 821 - 831.

(1o # &M, &S, skIk:, % R Lok b4 i i R M 5k

8L [J]. £l TRE% 4. 2015, 31 (23): 35-41.

(11 % W, R f&, JAHEE. EWEm &g Ei REne
WERRL [J]. AU, 2008, 39 (8): 38 —40.
[12] R, BR)TE. T ARWEE MR E s e may

2% [J]. WUM TR, 2015 (8): 159 -161.

BB M www. jsjclykz. com



