55 4 4] }“#‘éﬁ% No.4

2025 47 H

Electric Drive for Locomotives

July 2025

DOI: 10.13890/j.issn.1000-128X.2025.04.019

Y d

ETZREEMENBEmEY
H B ARMRS N

o, L W, k¥, MEE, FEE, REHK
(o P 2R SR A TS, #d Hal 412001 )

B OE AESINERE PR,

AT AR RFTE, EHFERERALFZ 5B RFERY EHEELEZE, 424

BRI OLFHIE, A HE I AL R
. ZAME AL
*&T Bt \#Ex.%i‘i’éﬁ/\#lbxiffﬁﬂﬂﬂﬁi
AR AR T 2% AR B Ly 57 3 3R
THATERR,

KR T8I E; AamE

FESES: U2068.4 XHERSRD: A

il

0 35l

e [ it A Rl 72 5 | X BER B TS it e
il 2o A G A 28 A2 5 e i ) DRUAR 32 AN [+) 1T 5 B0
IR, R I AL B A, FEfE R Tz
I BCE IR D, R AR XN, DASE B S | i H AR
SR

HARHAAIIFRMAR . BER, il h oA X
FAELUTMERS : D BB S 4RI IX R 2545
Sl Ry I HERE, HEERIIRSIBENETT, METHEE RS
I, HEBAGIIEAE YO, —HBrERE,
TE FIEF RS K, S EOE R A XA 4 (XU
@ bk, BEAGHFHRAI, HALR 45w
IBATTEARISOEL S I, Bl E e A o x4 5| sl il 5)
TFERIIHE, W51 RN gl , 7tz
GARREE, WIRTRER WL -, B R4 L4,

HESN i T X R TE . B ALh
HHum A sh3m. Hd, Pl e tea i, K

Lokt AR, dbSFE A

BB SR GEITER, XFRE—FETAHEIRZ %N
EAFFM . BATR
|5 F f2 A% B AL R ) Ay B A LW B 5 Wi BRAE, A RILE

FliY, RAREANL LG, @3 L FE5EZTHFTXEN BRI NMRE, AZHE
H—FRIT I FiE T %A, EREAENA,
BT R SR QBT A TR, HiLiE B A JiE T A

% B 37 Bt

AN Z; EHEH%
XERHS: 1000-128X(2025)04-0155-07

RN TR, AT Bhsm R, i HAT DR A
JRIS: o s TET A 23 3 A T 50 A G A L 23R DX
Frofci, REAE 5 e Ja W LIk a], FREARAL 423 Jr it 2k 5
SR, AR CE G SRR R L M T AR 4
PRE, 2 TR . AR A Shad oA G
WINT AT ABARES, SO )iz
1= W S8/ v d A S A= W o) A = = N
Feam Lk Z 8 NP, By sl RBRGm el #ugs
Fiaf VRS a; WHh, fERE | HHESFRR T.00
T, 2k R Bl B LA R S BRAT AR . A,
BUA )5 AL RLX S A8 B G s T A 2 R BRI

XoF T AR AE FL 43 AH DX T8 1 2 A 1 2
iﬁﬁ@ﬁﬁﬁ%ﬁﬂﬂiﬁ%m%ﬁ%@ HMELLAR
BOTEERIS AL EAR S, ATRES | Al M i o AR A5 4
i, QW%%L%%%MﬂKﬁﬁé

SUH H B2 BEORME D P T2 B R A — B A2

2t RREWMACRIART B, CAfEZ K HEERH
2 S8 ORI BN o 1% F Ge il id S O 42 48
KAV AIRAS, S0 3l g 0 2 75 0 2 DK o 45 U

BIEEE: 4%, B, Alt, HRIEN, RS OAINE AHERHEAK; E-mail: litiebing@126.com
S AR ?%ﬁ#ﬁﬂ*%i?%f&ﬁﬁbﬂAﬁaﬁ%%ﬁ\ﬁﬁ*ﬁmhfmJ]ﬂi%%@2mﬂ®lﬁlﬂDmUHw%@

issn.1000-128X.2025.04.019.

Citation: LI Tiebing, JIANG Fan, ZHU Ting, et al. Research and application of automatic train operation across neutral sections based on multi-source
information fusion positioning method[J]. Electric drive for locomotives,2025(4): 155-161.DOI:10.13890/j.issn.1000-128X.2025.04.019.



156 it et

2025 7 H

TRISTa], B2 51 425 i o AR DX AR IS 1 TR
FEXSAN R R B 26 A T B 4 A shad 2 AR R, 51 4¢
A3l B R Gt A R iR et A . A SORE i B
WOt . BRES 5 RRGE, PRSI E A s,
REE LSRR R EAR, e —MEET A 3
BYRGH H S AT R

1 FoHEXERA

1.1 IoHEEMRKRA

RTS8 A9 9 45 o 2 S B A o o0 AR ] ) O
B FET, RS E B AR A A b e )
A T BGE LA b E AL R GEENL

5 T 0 S 7 R o A A T A
A, SETIN S R R R M, AR R K
LA, X AT AR s S S BT B
I AR M T N A A T B IED . 20 A
JECHRART B L AR ORI A e AR, AESERR
BT, ERIEM . SRS ERR SR
PR ZE, HiZiRze oA RubRetk, DA il R (A
TENHTEZ FR

A I VR T AU R 91 40 BRI A
AT L AT S [ R 7 o 2R T 5 A s 3
LG R A RO AR S, BRI
IR ) LA 8 2 S A AR R A B 205 TE I A
TREM I ERE, MRS, MHIREART2m. A&
T, 3 TR D5 8 ) 22 PN AP AN g, 2SIt B
FREINRERAS , TGS A e EhRE

Jesk R 223 E R BN 1 R . IZRGE TR
BRI B DR R S, 2 B ek (RD
PREEMMRE) JE IR BRGSO, &
B LE S A S DR EMFEMESFL, it
BAVHEALED . Jk 22 e LR E A e,
NIEAAE, 4eg 05, HAEEMZrdric. SR, HAkRE
SR G M, YA A RRIE | R

b3k A2

b3k AL
x X

R =5 s A B

Fig. 1 Schematic diagram of BeiDou differential of positioning

SRS 2R R, DRAFS 528 T 26k,
K P AR R JEE (195 (o R A RIS

1.2 I EEINEH

TES 2 BT L A3 DX WO T2 T i 2 2 i, E 2K
BB LA 58 AR 51 T s i 3 ) B G AR . %5
7 SR DR A Al i v AR X B AT AR Y
KHRNE

BUA A 42380 A B 234 2R e 3l R T A AR B
JyEEFE G . MR B M IS (5 0m, R
PEHLERB TR | A2 5 /il 3l ) AR WA
ST AT R, SERHT LA A EHI R R, FRR I
B I RGEEAT AN R 1% R W B S A S Az T
E, P TRPESCE TAL (I R34S 5N
Hizh) wF, 75 A F s, ENiEtT g A
SRR

WA FRIRAMAE, LT AP IR X B RESE T
LRI . HE GBI ESENER, ke a i
ST . B, R R Bl D B R
{EIF PR — Bamb ), 23 B Bese s o, ilad fR 1
NEFIPLEPRAS, A PR T OUEE R BL, 5856 5C B
BRI RERRPET . Ah, TR AT 4 | 48
B TR R ST, LTS R HLIE REAR S ST 4
K, SRS B M E BRI, TR R L2
BT, ARERTH A v A DX AP R

2 EIEWESEL R

2.1 ARG

T HEW RGN AR (Fifk “A
SR AET ), HAEASIEE RS (WA
e (automatic train operation, ATO) FI% G B /R
JG (intelligent display unit, IDU) ). LKJ-15 A% 44z
TrlEdede E (WK LKI-15) Firpdedsiil BT (central
control unit, CCU) Pp[F] TAESZEE, RS 424 anfx 2
FiR. Bk =i E B B S YRERL A, SRR A AL
T ASE N OERERR., AR

ﬁ N
toi |l Nt I ER TR
_%&A

LRBEBE
DIEREN
FIFEALE

SENREAER S

Ao

AVLZEE =8
K2 A gt A RS

Fig. 2 Composition of neutral-section passing based on
automatic train operation system

sl RETRGA



554

BREL, LWL, SR b, B, A, RGUR: T ZUMEERA Y A S B s AR BRI 5 R 157

LKJ-15 Wi #2235 B & CCU 43 51 % FH LUK AT MVB J0A4%
W 2% DEA TR BE A T, kb BR TAR AN BB A i A R
FAANL ., R Sl T e

LKJ-15 W B ok A a2 Sl - AHER LR R A5 5
LB . BT RR A A A O R . AL
TR, 7E LKJ-15 Hosi & B e A 4 Ll Adb ) 22
SrENAE R, I LKI-15 EHL T8 RS S5 0 B AL
1E, BTG O AR ARG S T E k.

H 3072 3 B ATO J& 528 H 2728 3 4 M D RE Y
B Uk Sl o0 il X8 ARiaf RS g iy
SCHHERA, T2 Hibrsh S, w450
(1) 8 1 EV A B RRRR IR 9 4 58 i 8 1 13 K
F IR TR ERAE A R S YN n) b sh AR Bh
R, BRTHA 4L A AR RS A TRCR

Hr g i BT CCU 2 A 30725 38t o AH D BRI AT T
HIT, BSLIEEI ATO 5 IDU & 3% 50, Rk sl
ATAILE 58 B B 77 28K K 2 W [ i W S 484, Rl Bhlg:
SRR SEPRs PRS2 A sh 2 1 R 55

BfE R EICIDU K A 82 S 4 FH T REFRAE AL
ZHIE . AHLATE R SRR AR A S 3t
AREhRE. TEShREZTTIAM], IDU SE SR8 48t 156
BERE SR B MR, ARE A AT
PIE AR FIFLT- sl oA, Bl A2 4

2.2 ExEBERIHHERE

H B2 3 43 M D RE AL FE 2 LA vfE L B AR
FWTEEARWTIT . LB, RGN 3 i
/No LKI-1STEHET LA (JZ X BE) A5 e i e,
B 80728 3 R G R I s B A5 S . bEJE, B
S R G LA R EE . BB X IR . B4
05 S 25 BT OOk, SRS EED S (3]
HIER TR ) A58 sl Ty HI 3R 3 1 UGS
PRGN, e EFE FYGEEIEES 1, LA
HEM BN T REWATURZRY LS #5447
IF B GRS IR L) B, ATO AU 2 3 W7 i 2
Wi S A5, DU E CCU AT AR, a2 i A SOA
%, $EoR FIHLIE AL WIS AR WA s 24 CCU Rt
FLEC MBI S, i hl G EWiges, JFm
ATO U LA TR . o, S B S D (S 1)
) S B () 1 AR B 25 18 Tl {5 i 4E

o i I
F
TENEEHE B I
i Z L 7
4%o 3% 2%0 4%o =3%0| 2%k,

K3 Al SR R
Schematic diagram of neutral-section passing based on
automatic train operation system

Fig. 3

FHUHE L i R SR A T 3 SR

2.3 BmEBEsHEEMSR

A AU L T IV 25 A I AR B X B, X LA AR IO AT &
I8 A0 B A B LS BORE v  F Blad 2k . TSI )
L, AR R AL 2 e iR . FERR IR S A
W] 5 KA A X A AL SE 2240 3k WAL 7
LKJ-15 ik —Hog il BIATh R Ee it
22 pifs S, BARE S . AL . A
e, AN E 4 s

X iz YN
R
st |1
J DA
RS 22 = 0 | o
BTMA 4
B N AN

K4 H17%5E AR R R
Fig. 4 Schematic diagram of train positioning
SN ARG TR RE, LKI-15 38 5 5 b i) ok
0 Rk AR IS A A R Dy AR I L AR A X
LKJ-15 A8 TR R A7 8 ] 25 AR AL 3} 22 23 45 B,
D,, PR LKI-15 FHLHEA X5 I, S P
AT AR RS AL E w2 (ID=D,)) /N4 EE
W, SRAHER 2200 @ ALfE B0 D TR E s R,
YeRRIE D R, AN TRIE, S AES) 4™ B S 5 B
ATEE S 00N AR HE T 5 | A TE R A B iR 22
X TR 352 b PR PR A5 Bl LAl R R 2 FR A T o vk
AR S5 S R R AR X, B T TR A
(VRS W BRI LDk VAR S AT INA A
RHGN A EE R D, IS 5RO E D, HEA TR
LR T BRI EALE M2 (ID-Dy) /NT
R ey, LLDoxE D #EATARIE ;s B, 4ERy D, A,
WP RGEAE LR TOLT R5E L AT 5k

%

2.4 ¥=HIRE

[ 2h72 Bk A A R AR AN S BT, AR
6 ML IR

8 IIRRIRA I, 7E A S BT, ATO
AT A st I RE, FIMLIE L IDU S e £ 2 15
WAZIIRE . Y4 AT EER AR, IDU %
ATO Ml CCU ki “Ashid s MIge A" 5%, Hf
J&, ATO% CCU k3% “ATOIAMHTFI Y (59, s
IR EIRERIEA, ATO% CCU k3% “ATO it
SR 55

55 0 A E A . 2 LKI-15 A F 5
iF, ATO MR HAR ML AG 07 B 05 8 K w7 FL A AR B A
§S N < = | RS R e L S ¢ Y 2 i
ATO ZEA IG5 RE . BREZREyRGEE



158 it et

2025 7 H

FANESLHHET PR, B h A s 4 fe tt B w3 i
2, IR BT T, ARl sh P s e A
4 CCU,

TEHL A FI AT TSV R G 5 LKI-15 fih 2 52 i
HEFE ) ATO K355 8, ATO MKHEFARa i/ Zok, )
SAbsh i EzE A, A Hr B hl CCU S a4z 5| ol i il
SRR

55 =0 W W AR . ATO FEE2IUE R 1

BJ5, THAMAIEENE N CCU Ak “Haidss
w&% 54 CCUHINEIDU K% “H shad /04

A" 55 LA S ATO kK261 “ATO 32k 23 A ] ™
HEM Az MR SSE, HET ERS A
TR

UK e B . 2 ATO RILE] LKI-15 /)
MEWER S, BT H 2 A R S B P R 4208 CCU Y
“EWIIIE” {550, ATO¥ 0 IDU K% “Hi i 04
TETFHEWR” [ES, IDUMDE S M SCAE R E HL
PATF LA

WA N AR . SRS A S B g
FEL A L R R R A SR . 24 ATO #2100
PGS HERS B, AR 3 A Sk A AR A5 A
FEE Rl B A, A S o R S AR R B A
GIHFRIE, ARG st K251 Sl sh 11 .
SE A HESE I, FR G0 3 140 Sl ) sk 0 By = S e
FE TN B AR, TE R A AH A BERE BR8N ) E1E B

[EICCUK %

| wET AR |
I

&A‘

5] IDU% 3%
WA

Pl LW S

K5 Az

3%

2L 5AH ATO 4 32 45
Fig. 5 Flow chart of ATO control logic for neutral-section
passing based on automatic train operation system

I
et

SN i R . 2 CCU IR 4 i B 7y
FACIR , i S W25 P45 5 ) ATO S A5t S IR s v Ik
&, ATOBERNRERIETT, b2 /M sh ikl <,
Pl 51 2 R Bl H bl sty

SEMBN I, CCU i 58 h 3= W % s W7 T

2.5 AWREEIT

H a2 3 AHLAS B4 AR SZ B wl LA R 58 2 18] 115
BAEEY, 75 A s b, B E 5 B B
INFEAMAE BT b, T AIALEARE S s RS
1 s 2y A Ml = P Ee= ) B U ) L9 7 o i O o = %Lﬁ
mmbﬁ&QMAMxE1 BN 6 s

2023-02-15
16 48:49

0 km/h

EEE

Ko Hahz

it EELé:H‘E{ A E R
Fig. 6 Information display for neutral-section passing based on
automatic train operation system

it 4 HIIhBE S “BACIRA” A PRk
A7, IR EH TR ETFRE T, WA “HEt
SR DBk, R e, A
HLAT LAVERER A BH VIR 1 ahid M RE . Esh, &
G B4R R I RE . BV R TR [ 3078 B A
AE A SRR 2 _F— KW H T D RER A

fiﬁﬁtiﬁ(ﬁrm6¢®%ﬁ%&>ui¢
W h A ok St SRR . 2SI a5 4y
AHINRER), BN “ATO A A" FhE, IhEE
YIRS, R L “ATO i ﬁﬁﬂﬁ FhE, Y
MO%W@HUM&L%EQV@f , X I

SREEA, TN T AR SO, nw@k% T
7m$mﬂ\m 3 22 At A X

TEE 6 M BHEIE KN, S BRIl R A E,
DA R HL U2 30 AR T TR RIS . Hoep, # a0
THEP RS BT 3 . M ERIZE 3] 3/ 10 7
HARIL, FHBORIXT RSB b, #2510
BaATEE, Wi s e, EiiElE R
B, R LA R W AR, P
SR WA, HAEbRIFR T ST



554

BREL, LWL, SR b, B, A, RGUR: T ZUMEERA Y A S B s AR BRI 5 R 159

3 HIEBERSGHR

ek F B B R SR PR RE, 2023 4F5 A
AT BRIERIES 0 L Tk il . PTG Rt
L AindT AR 700 km, BUG T REFACE, ARRIE
TIZRGAE A Sl AR T i e S et

3.1 BmiZBidoEmRIE

M PRI SE R, IR EAr )y i s s &b
HLAMAH, Hodr 7 Ab s FAbS) 25 0 S A U SR Y
B sh25 38 R G TR 7 A LT ST A shad o AR 5
AT I RIRE B E S b A, o 5 b 254 Fk vl
W, REETTER AN M HA 4 dbd /R b
ZofE S EEE X, REFIREE AN THAE,

XA ARG 440 F 23 A DXGa A T Bs 67 7 43 B
LA, IR BRI E 2 e ALkl S ETovk
WA S DR ZEME S, H A B e/ 1 1o
B AT B AR, 2 e L JC T SR A
TEMAE R, ATO RUILH) LKI-15 B EMAR TGS, N
W A R A L X 4e 4>, R GA shilk i A shad 4y
HINRE, FRHER AP T N T34 . S a2k A 3h
T AHYIRER TR N Y, A B3 4 b H A3 IX ik
i R 25 e S Bkl o A o A X B TR E 45 1A
T R DX, )T A3 P R 1 [ A 1A b T
DA, DTS S 0] 5 1 A EAIL PR A
BB RGN R EIZ T,

3.2 HOHEXEITERE

WA B S8 3 R G EAE LR S, A SO0 A 3hE
M T e M Bz A s Bl A g it i, o3l
T BT B I A ST . 4
— LA X R T R L AT — E S LR
JE—BMF SRR . kg BA7 0y s 7 b HL gy
X SEEL T A shid s tHEhRE, SGeit iR 2RIz 1T i A F
BN TR,

®1 AL KB TR
Table I Comparison of operational data for neutral section
passing on up line

B A THtE]/s BT /(km-h™)

IR hamm ATmm AAER AR
K425+095 2484 120 132 74.52 67.75
K473+340 2195 105 108 75.26 73.17
K492+925 1541 74 77 74.97 72.05
K514+775 2 032 98 105 74.64 69.67
K541+110 1543 75 77 74.06 72.14
K558+750 2 355 114 115 74.37 73.72
K580+840 1200 99 134 43.64 32.24

ZOHEEREME 13350 685 748 70.16 64.25

XA R TR, 5N BB,
H 30172 B 22 0 A 30 L L 43R DX B S Y R R T S~
6 km/h, XELEGETTHTRI4A%E 2963 s, AT T HER
TWHN T B R SCR . e A X B, W KS14+775
FIKS80+840 4k, A hXZm i FE L3 2, 4r Bl
T 4.97 km/h F111.4 knv/h,  Hiz 473 2 A i ok B A e v
SR L AT AL LR R S, R BLKS14+775 4b
L 23 XA T 4%0 B9 K 3R EE, KS580+840 4k HE 73 #H
DX AN T 4%o Y T Y i BB L 3% 2 1) M £ PR 33 45 km/hs
KBS LLIs A TR, 25l T KS514+775 4b B 43 AH X
BEE-NEENL, W TRTR, ATRUE B A 372 L
TR M2 g TN | AR

80.0

s o
=750} ”\\\\vd/////”
é L aEmE | e AT 255
# 70.0} e 4
a0 e S — ————
65.01

0 500 1000 1500 2000

PEE/m

7 KS514+775 ik Ha 23 FH DX R o7 5 4%

Fig. 7 Speed-position curve in the neutral-section at K514+755

B Hr R, SANT R, A
FRAC S BEAT AR RLIB AT IS a], SR Ts MR . 2 N X
X B, FEARSE LRI R S oE Rk, S8 T AR
AR IB A TR o

3.3 HOHERETERME

H 8h 28 3o o3 A AR B B O, 455
SN FAa AT TOMR I EE, Sk S RAEN
SRS, RS A B e s sh ik, $E T
BATERAME . AL K514+775 A 404 X R ) J o A
S WL G R, WE S iR, K8H, 4
KN AN ES op S W b | ES = N R =y 1 N i B
Il ELFEES], AaLREET, a6k
RFEd 8, EELMRFEBIEHsh; S14F ik
MY IERGE, EAER BYE, REN T ROy SR
W SIZEE R R A2 51 /il s 0 0 BAME R SEPRE,
TR RS S, TR Els .

WEL ] 8(a) T AR BN, F ZE7E /L 43 AH T 4%0 1 1 3%
EAERFZ1 400 KN 5] f1, THEARERE. A
&l 8(b) H FIr /s 1 4% 1 N Y IE I, A R IR R 42 51
F1, WIKEIELZE 200 kKN IFZERF 10 s DL E, 58 T kiEIE
260 KN IF4RLE4ERF 10 s DL b, A E B A AT 58 4 )
brazg| )y, MM T A X . B 3h 2 i o
A S e e F Y E E 5] F1, 78 L IE EIE
Wil B 1, o] DATE— 2 FE B bk G 8 4 N 8 420 T
AN—F FE K G st ehsh, WA 3R T



160 it et

2025 7 H

A G 3 3 v 23R DX s A P e

[51411

EBEHDHD
45, s6 75 || BY || 74
RIF. 390

(¢) dh s
K8 W HRRTS 48l ) i e
Fig. 8 Process of traction power reduction of train approaching

neutral section

RIAERPRAE, AP RO B 147710
1 A AT BT 5 H A 20
193, WO B, SLE I E R
A1, GUHFTRIESTT. ST SR
PRI T RATREIE 400 kN BLY . 7EATRGRT i

600
443

- 400353 ) 5 387365 364
) 267 230
R 200 Izos I Izoz -
= [ il
B0 MEEEBTHES

B ATEWVHZ T 231
400 -334

KO LERL AR %)

Fig. 9 Comparison of mean longitudinal force in neutral section

SR ATRCR A I, AT DU R L 2 A X s A T
PRt

4 g

EFXFE AN G A B o AR 4 R KO Fadk:
R 73 M PUR I S 1| KA2% B H =k VAN 2% 7= ki I~
REZ B A A MLAS B3 A B R, A el T—%&
ETHIBH RGNS SR TR ZHREATHL
BAC IS R R R L sh Ty SN WA R,
N5 LA DXOF- X8 17 3 B = 5~6 km/h, FELR PR 4
(R B R THE TR0 SRIFHE— 4 —Fh 208
A L H Sh 28 Bl s O, HARHTE T RE
% 6 AT PR A0 Al 38 it A0 A S 1 DR AR T 9 4 e
PG, W A S A EAS BRI R, IR A
T I B S AR XN B ZE R R . R R K
PE BN A S A IR B AR, TR BB AT
SRS RS R SR A I TR L 50
i 2 My X, RERE TR B S s 2 A2 S
SIASE R, WIS E sk, P, i
i AT HX

A, ARG HA WL T S G4 S ke, #
SR R B PRSI AE S H G DU T S i, ik
— B A R A A

SEHk -

(1] #A%E, BT A A BRI 1 4 i J AR BUIR S K T
1. HLA4HLfEE), 2019(3): 1-5.

HU Jiaxi, ZHOU Fangyuan. Status and development of neu-
tral section passing technology for electrified railway trains
[J]. Electric drive for locomotives, 2019(3): 1-5.

(2] AT, 4B, Sus, 55 AR S HXol BYHL AL B 2

A gl AR [0]. HLA AL 30, 2019(3): 12-16.
ZHENG Yong, LI Xueming, YUAN Jing, et al. New neutral
section automatic passing control of Shenhua HXpl electric
locomotive[J]. Electric drive for locomotives, 2019(3): 12-
16.

[3] SR . HT 5GIME M sl T L 2L a I RGN
[D]. dbat: JEatsgimRas, 2022.

GUO Longlong. Research on comprehensive monitoring
system for train operation safety based on 5G communica-
tion[D]. Beijing: Beijing Jiaotong University, 2022.

[4] AHME, TRATE, APRERSE . T B A AR 2
H AR Ak 12 ) B 58 [CL/3E 32 D v [ i 7 428 ) 2 i
(CPCC2021)i3C4E . KA thE A shfbg il Bl £l
Z: 123, 2021: 885.

YANG Hui, XU Kexuan, FU Yating. Research on multi-
objective optimal control of heavy haul train based on im-
proved genetic algorithm[C]//Proceedings of the 32nd
China Process Control Conference (CPCC2021). Taiyuan:



554

B, VLWL, SR I, BEONE, BEEE, RO BETRUMEERA Y A 2 B A A RS S R 161

(3]

(6]

Process Control Professional Committee of the Chinese So-
ciety of Automation, 2021: 885

SRHE, BDUM, e, 5 A0 LR AR GAES 4@ ML
HE IR SE 5 R S 0], BRIE R 2 5 T R4, 2022, 19
(8): 2417-2427.

CAI Xuan, TAO Hanging, HOU Yuting, et al. Application
research and development of Beidou navigation satellite sys-
tem in train positioning[J]. Journal of railway science and
engineering, 2022, 19(8): 2417-2427.

T, A0S, BR, % . HXolC HL I HLE B i 7 A il
1. HLAEHLA% ), 2015(4): 42-44.

WANG Yu, LI Peng, YAN Gang, et al. Automatic neutral-

section passing control for HXp1C electric locomotive[J].

(7]

(8]

Electric drive for locomotives, 2015(4): 42-44.

T, A, R, 5L RS A S SR Sl 20
HEARBITE[I]. HLA L 3], 2020(1): 58-64.

NING Qiao, LI Tiebing, HUO Sheng, et al. Research on lon-
gitudinal dynamics simulation technology of automatic driv-
ing of heavy haul train[J]. Electric drive for locomotives,
2020(1): 58-64.

JESCS, R, =, 55 DLA B S B B R G AN B i
TSR] B4 LS, 2020(1): 53-57.

ZHOU Wenwei, ZHU Long, ZHAO Yunwei, et al. Human-
machine interaction design and application of locomotive
automatic train operation system[J]. Electric drive for loco-
motives, 2020(1): 53-57.

Research and application of automatic train operation across neutral sections
based on multi-source information fusion positioning method

LI Tiebing, JIANG Fan, ZHU Ting, YANG Yiping, LI Jianzhang, ZHU Baolin

(Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412101, China)

Abstract: This paper presents a neutral-section passing solution based on the automatic train operation system, designed to meet
the operational requirements for heavy-duty trains to safely, smoothly, and efficiently traverse neutral sections. In this solution, the auto-
matic train operation system plans and controls trains to reduce traction power and disconnect the main circuit breaker at optimal times,
enabling smooth and safe passage through neutral sections. This automatic process primarily relies on accurate train positioning informa-
tion obtained through BeiDou differential positioning, combined with data including track conditions, train running speeds, and operating
conditions. Additionally, this solution incorporates man-machine interaction features, displaying real-time neutral-section passing status
via text and voice. This functionality eliminates man-machine interaction obstacles during automatic neutral-section passing, further en-
suring operational smoothness and safety. Practical applications of this solution demonstrate that it significantly reduces manual labor in-
tensity for drivers, enhances operational efficiency and smoothness during neutral-section passing, and exhibits strong adaptability to
complex operating conditions.
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