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Research on Benchmarking Parking System of Urban Rail
Transit Based on Machine Vision

WANG Rui
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Abstract: Vehicle auto-driving technology is a control technology that senses the surrounding environment based on
environmental awareness, and controls the steering and speed of the vehicle through the on-board center computer according to the
acquired information, so that the vehicle can drive safely and reliably and reach the predetermined destination. Based on the machine
vision in automatic driving technology, vehicle signs and signal lights were recognized by on-board camera installed on the vehicle,
which allows the vehicle to identify the position of the vehicle and implement braking parking in the process of self-stop parking
without human participation. Machine vision measured and judged the function of human eyes by sensors and cameras, which was the
trend of vehicle development in the future. Benchmarking parking was only one of the functions that machine vision can accomplish.
In the future, through the camera installed on the vehicle, the machine vision of rail transit can be realized, real-time road information
can be grasped, and the surrounding environment can be perceived, which will play a more important role in alleviating traffic
pressure, improving urban traffic efficiency and improving energy utilization.

Keywords: auto-driving; machine vision; on-board camera; benchmark parking; urban rail transportation; metro vehicle

0 3= W ATEWSEEESE SRR, EIETE.
e o T 2 R 5 R TR ET K B 5 SR R,

I, W RIE, EBAESTIHATE :
B, MHBLRAE BRBADAALE e s e mRt, T A BT A S S

YrfEHER: 2018-07-24; f£EHHE: 2018-09-03 KANEAANEEZMARSTERENE, BLEEHA
—107—




2019 £

NEE. FEHSHPRBEK, Eit, FEEHE
WRZ, BAEHZLE, TONBTERENGTE
BESH, BEEALBEREMSHZSEY K
AT—MBERETLEEREmEE ",

NNER, EHHNENLBERS, EXALUAR
BIEAE, NTIEESEHTHEER. TLMERE
HREER EEEMNERERS. EATERERT,
AEEHRENEIERNZLZBYR. MESEHNE
TSR BE R, ISR I 4 1 R 2R SR B 3R
B, MTIREEE ERCERERNESES, 5
RS, TREEE FIET, HBAEEMAE.

1 BIERARS

EHENEYHARETIRERMBE A EE
B HTRAMF BT RRANET EHHITIES,
RAFEZENMM—EREFHRA, BRiEIE
EHAE, BIEENBRHFESL (Automatic Train
Operation, f&# ATO) . ATO HAZBATR A
FH BB, XMPFARZIRIFBESENRERME,
ZEEWMMEERERAEMS, HEREEES
B RMRE C. MERTRETEREMEN. &
MMMEEFE, BEBRHRFER LD B2
EABHMINEME R, BaifHkESHAFE, &
MaH. Bk, BE. BH. B FE, &
AT REBINBEHAMEZNIN, FIAFRAZ,
KRBT BY RFEH A CEBIK,

HEXFEXMNREERRE, NERXENIFESE
AEE. ERESEARH, JEBIBRAKE—
EREELILRENBNEHARAFTSSEM. 2018 F
Y, LtEHRBELZEXEBEE, REEREELREET
BEMEZBEMNBHRIENGEN. BERRBEEZNENXE
F, MEXBREABLEFTE—IGEABENE®,
BEBRIEDLIFRENIE, EEFIE BEL GPS
(ESRENERIEAIEHBREMRIMKE, X3
UTO (Unattended Train Operation, £ T A B 55)
B, RAXUEFNEEEY.

2 MREERSR

ATO BKXI EMNEFLIERIRERE—FIEESH
MENEFREMLRIN, ATO ZREIRFBEES R
FREFHERBEINEREERMEEELH RIRE
RIS, T 43 A BL % 3K BRI B AN HE 7533 2 (B HY
ZE, TEUmEHsESE, RERTIEXEH .
NERBHANESE, TEHABHAEHNES A,
RIFBEKERAEHBH . EKFHHERSH D
HuTHlEn ",

B, ZMHEAETEREERENEEEHE
EFREREE, YHIENES&EEERMNIT ATS (Automatic

—108—

Train Supervision, JIEBFUERS) RIEMNES,
RESREZRHEHIEMRRNESABHERE G
A, UMM ERI LB EXN Rl THER.
YmEL AR BRGHMSIEENEHEEAF
B, EEXA., AW, —BMSEBEFINFIRERD
M EBREFFTEIELANEBREZEINNTIEELEADN
Bxs, FARN, EREMNELT, BAESFEERER
ERETTRMEERENBERSEHM., Bmigit—
ENHMMNREENEN B RENEE E BIXTHR
EEREHNENERRET VRSN IRMEENTTRE,
RABHLENEENE, BREAEFTFEH. BEX
REANEREASEHHNRERE,
3 ETHHBURHXIRESE
3.1 MFREZE RN EZN SR

1) BRAIMNRESE

ERRLEHE, BEREIAEEFMEES
. ERPIRE R, B FREEER] 5 km/h 8 6 km/h,
BEAMEERRERKRZXTIHEERE 0, KT
M,

2) WML

HBIEE—NET RGN RAMDTH ARG E,
BeiCizzHEBEN. TEEH. P8R AZITIR
NEFE,. IBEAREREREFHEE, BHFEA
ARETHEE, EHBGY. BENSEREREARZH
fTEFRMFE, SN REBETERGENEEFEHE
NEHREEERRBBEGRES, FEHTANEGLE
R, BEWBEEHNEXEEER ABKREGES
HNEE. BEEEERE, BHEELIBFES, B
REBEIT—RVNEEHITIEE, KREWMBHRIFME M
TR B 1 e 45 4E SR SEER RS B AR IR 15 B e .
3.2 RI\PALKKENFEGEN R REESRIER

EMBEHEELER, BERFBEBITEERE
ZF, EMXUMGERNREETE2NTE: H25
EHL,
3.2.1 83

ERREERKNNERERREEEIFEE
*, ELEEXNEGHTRLE, BENRENT:

OBRESE / &4

EEE BREREFHERS, ARIEXEHE,

REZHZEE, AELSHENEGRAERR.
@432 RGB ¥ &E1R

RGB & B ERIRTEE 3 NEERIEN, HiF
FREEKA, SRIZEERERE, EELELRE
wE, Eit, TUNEERGRETRELE, 15 RGB
HERIBE(Y S —(EEE

GEGELEE

ARAFEESMEE BREGRETLE, =

'/



#2MH I F ETNSARNBTHERBUIMEERERR

HZE#R BiR XL E,

322 L
@i’lé’%*ﬁ:}”ﬂ [ WA EBEG ]
IZRMGERNETF, KEF !
FRELGE, BEEERng, R ]
QEmMELR | RGBEMg#EEfHL |
- ]
ETEHBZ&E%@Q%E,[]iﬁE [ mwmmpws |
. = =g 17 1
FIRMUE, FEE?IHREFT 3 | |
BiRpmEEME 1 R,
| BRER

U FE 315 L B AR IR A
A, iEFH MATLAB & &
™, FREWME 2 FR.

B 1 EfRREEER

B2 MATLAB &ERE
EZHAUAFRAESET, IREMEE.
A BEE A B9 B oRKTIR A 46, iEFA MATLAB

iER, FREME 3 B,

B3 MATLAB &R

3.3 BEAMBRERINESIT RS
ZERIMHKBEADTRAEGER, FSTRRL
BEE, ERIMEREENED, X TFESTRSE, &

U X 2 68 R BE IR A BEAT 77 4

3.3.1 87

5% —#, SEXERGHITRLE, 8K
BEMT:

(D RGB # & RE1&

RGB ¥ BEEFERMEE 3N EENER, BT
RGB A93% & 4% = 7] UGB 58 R4 sk fifik, B Ay UG IR

B fERERMAZILERSEH, $RERGB HIHIERE
B

1550

QEGEMSELEZE

ERIEMREREANVERS, ARIEXH
H, REZEEE, JESH/EGNEERE. R,
ZRIMHEBREABREALRD, FERINEFR
RABE—, ALLEEBGENLHS HSLS3F HSV BRi#
7R3,
332 =EfL

OfESTHRBERN

RYE M SRFEE N R RIS S AT R4, REAREMN
HENEF. IEXRETHENRE, RUHESTH
g,

@R ERELR

EREGESAINER, BER
SAIE, FEITRFERESHE
ErEm—ERKRES, BTRK
BIERBIESER.

ot
ORIESH
EXRERESE, HEk—

RESKAE, AREUES T

&S, B4 (5=4iR%
HEiREEWNE 4 R, BIgIER
B IER{ESKTIRA AR, izH MATLAB SR,
MEEWME 5 FiR.

N RS

B QTR B

B 5 MATLAB ERE
3.4 EfRNELNHEEMUERES
341 EfREE
REGEEWMAIAHATERGI AR S RESH
Eg#E FEHEEETLERD, BILAREED
BEANER ME8—THEHEEABNLER
BHHESEMNERYE BRINGREREE—H
ER, BEMEHIURE, tLAEEHRERITHEL.
342 RIREFEE
BENTUR S BRI EWMATMNESR, FHEE
BRI R MG LHTAE, HENFEEENE 6

Mo

‘:|



2019 £

/X[
\ le L, \ PZ’ L
Py P/ :

6 MGEER

WE 6 Fix, P1FP, @Y=, EEGLHEP,
NP BERE, SEWMEEITHERA, P HLERRKS
B&EPOENMNERS, L WKERD, EIATE
THHIET P, TEE R PR E RA BT ERAIALE,
343 LEIHER

1) SREFESHBEITLE

BEKXFHENSSFENE (BB B #
frattt, BEXMILEZREMN P, BIEGBEHES
Loo FANIEET P, B EHRIAGAIEEES L. BIEHIHEERS
AR, REFEHEEHRBIERS D

D20=f(L2o0)

D20-D2e=N(L20-L2)
Bl Lye=Lao = D2=Dyo
KA Lo AREN P, BEGIBLEMES, L AN
B P, BIE&ID G HIIEE; Do AREMEHE EIRM
BEES, Da ANERTZEWREIZFIRAVEES, N AEEH,

2) WEEREEKRER

REFEHFFNER, HEEMLEEENFR
SHNBEKREE——XM, EFEWHHIEKE, EB—
EHERE (BURFREEZMG. #HIGEE. RERUEHE
E%) , REEGYE HFEEGNGERERERLAD
BIRANERNZEFEEE, 12l le WERRES I
MNEBIRANNERN _EREERE, BB EWHERT
Brh, IRREFEWMHEHHEGEE FHLr"E
EEE, FEE L.

li=7 (lo ® L)

L AEEWHWENE I NMIE, BEIFAEBEEGS
EREN_EENSHBHHEEEE,

ZMETE | K1, 1B 1d.

Imax=find(max(ld;)

find BB #RTRIKE Id BFIFHL.

EEAXMTEE TRAAXME:

v N €N

D=Di
X DAFEWEIFERNES, DAL IMIELE
WE| EIRR IR,

BE LA EREFREEROESER, MM
AERLERS.

4 MBEEIRSH

4.1 ETHHEARNEERGAE ATO PEHIHE
BRI mRENNTREEARB2H, —FHEA

—110—

IxtR, ZS—MHEETFHENZNBNR. AR
REERBEITEWRMNZRMNI, BEESEERE
M—EEBEEERIGENXERN, REEERNT
BUAXLHERFNHFTHEEFTS. MEBNTIRRFEMIRK
ZATO 4%, ATOERZRWELBSH. IRHIRESE
EE, RAFBEIEMITEZBERRFIFIESEET ATP
(Automatic Train Protection) , ATP MY§ &5 %% E
MEIBEE, FEES ATO #HITLIE, NAmEEIZE
FEXIESTRHE DN,

ERBLREBHERER, ATEREFEEAGEEA
PMANBEBENEREANRIERIR, MEBREHH
MEAEYRTEAELER KRBT RENLARENX,
EEFREHIIREERER T AT B HITIRE
ERG,

BRIMEERAREHERN ATO &%, HiEE
BECZALUATE £03 m, REBESITE, JEEHE
+0.3 m EESEE M EATIER] 99.99%., MLfRL, &
AT EFEEREEFREEE 05 mEEFEXL,
XEIELZHTFESENMSEMN ™, EXLERRSR
HEFFEIZIHEERIT 120 km/h B EERBEEE
KHIKEE, XtE—ERELRETEREE, R,
ZEEIHE AP BEAHEFER/LTELEEY, BN
LEEENAPHMEBEZTTEAR, ELEHEEELRE
h, EEVRIENUAESSULEEVHER,
HtEF CBTCHMNIMEERAGFERELR. BE
RS URRFBNER RS EE SO,

EFNBRENNIREERFEANE—EREL
R R, YEHRESEFL—EMERAIED
RN RRIAE IR, FRIXPIRAFEELR
02, WAGFE AP VR, AEEEEVSEFEIE
FLEHBATEST. BAESREREETLER
B AT#EHIZE 50 ms AR, &RIRAHEZE 25 ms, A FEAET
CBTC MR EEAEMLTEILEZER, MARLT
BEMTRE, BEREEIMEZERH, G TRE, &EX
PRE.FAARMREN., MEREZL FRTEEREBEDTE
WInREEMMLE, THNERULERE, BES
EREZ, NEFHNHHHETAZE, MMmBEREH
ESmr. ERERASHIRAERMEE, Hitt
EFNBMEHONREERZTUMRIEH TR R
A, BRIEIR, MMRAEHBIEMNIRE .

4.2 ZRIFRSH

OWBBRER: EAIBRHERLT, EED
AILEBREE—EMNIRE, TELIRESIESTEIR,
KEWRIFFEXER, MBBEARIMNINMEE,

QEABRER: EFHNRARHENERRSE
M FEHEFNBHIEIREIEEMRE NN BB R
SHEX, AN BBGYLA R EFRATIR S,
BEHEGCERNEFES, ERAER (THESE 127 )



#2MH

W M, F W EEE, TER. ETERENNENRENNZHERR

EERROENERS, MIERRAER DB NE
S5ktEM TR,

(3 59R2 B AR M 0] J) K F A& H.

@R ik B 7 %8 5 1 Ao 0 S T R o AL R
B ERE T,

R LR, MRIPFEXIAEEE, EFWIRITH
RRIERX SENT L EEM, BXIREE @S E
EERREEMNANAE. T 59R2 #EMEL M
MRRDEEEBENERNNFEETE, BEH
R EEEEERNYZERER. BREER
RIS, DURIEZEWEIREN 7 1 6E.

e

[1] 2RI, %%, #EE. 100% EFEHNEROLRSER 1] .
M2, 2013 (4): 51-55.

[2] =R . REARGHAREREREHRARLROBE U] 45
mHIBERBAR, 2014, 17(10): 122-125.

[3] kEM, N . BEASEREMILAXRVISHR ] %
EZEH, 2006, 44(12): 1-3.

(4] BRHS . BRI R T BN I R I B I E R R 4R
] WmHEREMR, 2012, 15(2): 65-68.

[5] F#, 8=, 8 % SEEHIRBEESEEENRN
BEMXRITE ] . SEFIR, 2013, 35(9): 19-24.

[6] PIOTROWSKI J, CHOLLET H. Wheel-rail contact models for
vehicle system dynamics including multi-point contact [J] .
Vehicle System Dynamics, 2005, 43(6/7): 455-483.

[7]JOAO P, JORGE A. A computational efficient general wheel-rail
contact detection method [J]. Journal of mechanical science and
technology, 2005, 19(S1): 411-421.

[8] TEE, F=W%, HEE BETEHZEMNERERTE ] .
FRRBBAFEER, 2011, 46(2): 195-199.

EE®WA: A M (1991—) , ¥, TAF, LE2HR
F ) ANE EAR AT, AR ARG H PR
W, AR

(L#FE10R) EEYE, RS TEHEINEEN
B, REMRE.
4.3 KRERERHESE

PR 5 =B BB RV A LR
Iheedt T EFFE, MXBERRERELBHEE,
MIREE RN RBAR AT ILTERE— N INEE. K3k,
BEEER LR EBELAIALIIE L BRIYEMN
R, TMEEREEESR, NE AR AR EE
E, MEEMTE. B, UREHINEEEY
BRI DBARER,

5 #5E

BEARSAMERGFEERKR, ZAETR
&R SR 28 P50 IR A FEAREUE S KT H 5 b & 4 BE
B, EATO RGESTESLRMAIRT, YHNE
BE—TEZRIAMAEHENERRE, REFEHH
REMMTRYE, ARKRBEFINEAENERENS
BRAREEFEM. FNERANTRBIAE. RHEE

EFRRETHAEFEUREXIER,

SEH -

(& RITTABIRRENRBEAREREBH LA D].
BHREIFERE A, 2015 (25) : 46.

[2] 3K3&, PRIERE, FIRF .WHHIERE ATO REMEAEIERIT
#r D] . #HiRIE, 2011, 24 (4) : 26-29.

(3] XM . k5 ZE ATO BRMIMEETERES T [J] . B
FZH.2015, 35 (1) : 118-120.

(4] EMST, B30, EHE, £ WHESEATO EXTIEER
EEmEsa i Siie U] . SENEER, 2011, 31 6) :
77-79.

(5] EMm, Z=htiE, BEME. HTENEGLESRAKRA M] .
X SEHE LR, 2001

[6] #hBERFE . MAFENIRZ [M] . Kib: EFFRRKZE HR,
2001.

(7] %A%, 235 B FHEMEBRRBEMEZ U] Z@SHHEN,
2000, 18(1): 31-33.

HE@AN: £ & (191—) , B, ML, BtRFT @A
W4 A NI AL,

—127—



